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Ninety-Minute Exclusion of Acute Myocardial Infarction
By Use of Quantitative Point-of-Care Testing


of Myoglobin and Troponin I
James McCord, MD; Richard M. Nowak, MD, MBA; Peter A. McCullough, MD, MPH;


Craig Foreback, PhD; Steven Borzak, MD; Glenn Tokarski, MD; Michael C. Tomlanovich, MD;
Gordon Jacobsen, MS; W. Douglas Weaver, MD


Background—Diagnostic strategies with ECG and serum cardiac markers have been used to rule out acute myocardial infarction
in 6 to 12 hours. The present study evaluated whether a multimarker strategy that used point-of-care measurement of
myoglobin, creatine kinase (CK)-MB, and troponin I could exclude acute myocardial infarction in#3 hours.


Methods and Results—We prospectively enrolled consecutive patients (n5817) in the emergency department who were
evaluated for possible acute myocardial infarction. In patients with nondiagnostic ECGs, we measured CK-MB, troponin I,
and myoglobin with a point-of-care device at presentation and at 90 minutes, 3 hours, and 9 hours. Standard central laboratory
testing of CK-MB was done at the same time intervals, and triage decisions were made by emergency physicians who were
unaware of point-of-care results. Sensitivity and negative predictive value were compared for both the multimarker,
point-of-care approach and the central laboratory strategy. Sensitivity and negative predictive value for point-of-care
combination of myoglobin and troponin I by 90 minutes was 96.9% and 99.6%, respectively. CK-MB measurements and
blood sampling at 3 hours did not improve sensitivity or negative predictive value. Median time from sampling to reporting
of results was 71.0 minutes for the central laboratory versus 24.0 minutes for the point-of-care device (P,0.001).


Conclusions—Acute myocardial infarction can be excluded rapidly in the emergency department by use of point-of-care
measurements of myoglobin and troponin I during the first 90 minutes after presentation.(Circulation. 2001;104:1483-
1488.)
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Most patients ('85%) who present to an emergency depart-
ment (ED) with possible acute coronary syndrome do not


have acute myocardial infarction (AMI).1 For those patients, the
obligatory “rule-out” process is both costly and time consuming.
Serial cardiac marker testing is essential for accurate evaluation
of patients with possible acute coronary syndrome, because
ECGs at presentation have been nondiagnostic for 50% of
patients with evidence of AMI by serum markers.1 Furthermore,
2% to 5% of patients with AMI are discharged mistakenly from
the ED, often with severe consequences.2 Use of serial measure-
ments of creatine kinase (CK)-MB for 9 hours has been shown
to exclude AMI effectively.3 Other rapid rule-out strategies have
measured either CK-MB4 or troponin5 over 6 to 7 hours.


See p 1454
Use of the combination of a marker that appears early


(myoglobin) and either CK-MB or cardiac troponin I (cTnI)


may facilitate rapid exclusion of AMI and enable discharge of
patients who do not require prolonged observation. Myoglo-
bin is advantageous because it appears 1 to 2 hours after
symptom onset, and studies have demonstrated its high
sensitivity for detection of AMI within the first few hours
after presentation.6 However, use of myoglobin alone has
significant limitations. Myoglobin has low specificity for
cardiac necrosis in patients with renal failure or skeletal
muscle trauma.7 Also, given that serum myoglobin rises and
falls quickly in AMI, a single measurement at presentation
may be normal for patients who present early and who present
.24 hours after symptom onset.8,9 On the other hand,
CK-MB and cTnI appear 3 to 6 hours after symptom onset
and remain elevated for 24 to 36 hours and 7 to 10 days,
respectively.


Point-of-care testing of cardiac markers enables results to
be known within 15 to 20 minutes after patient assessment,
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potentially reducing time to diagnosis. Prior studies have
validated the accuracy of such devices.5,10 We hypothesized
that a multimarker bedside device that measures myoglobin,
CK-MB, and cTnI and that is used at admission and either 90
minutes or 3 hours could equal the diagnostic accuracy of a
more-traditional approach that uses central laboratory
CK-MB measurements during 9 hours.


Methods
Patients
The survey population consisted of 1024 consecutive encounters of patients
who were evaluated for possible AMI in the ED at Henry Ford Hospital
from January through May 1999. Patients were included if the emergency
physician suspected possible AMI, and a standard cardiac marker panel was
ordered from the central laboratory (CK-MB measured 4 times during 9
hours). Patients with ECG findings (ST elevation or left bundle-branch
block) that led to reperfusion therapy were excluded.


A full 9 hours of cardiac marker testing was not completed in 206
patients. These patients were excluded from the analysis, because after
early clinical observation and additional evaluation, such testing was felt
to be clinically unwarranted (ie, patient had a noncardiac diagnosis, such
as musculoskeletal pain, pneumonia, or pulmonary embolism). Of these
patients, 116 were discharged home and 90 were admitted to hospital.
At 30 days, 2 deaths had occurred among these 206 patients: 1 cardiac
death in a patient discharged from the ED and 1 noncardiac death in a
patient admitted to a medical floor. One additional patient was excluded
because of lost data. Thus, 817 patient encounters were studied,
including 35 (4%) in patients who had$2 ED evaluations during the
study period. Patients either were transferred from the ED to a short-stay
observation area (normal initial CK-MB value and otherwise stable) or
were admitted to hospital.


Study Protocol
The study protocol was approved by the Institutional Review Board of
Henry Ford Hospital. Research nurses and technicians (working 24
h/day) obtained blood samples at time of enrollment after initial
physician evaluation, and at 90 minutes, 3 hours, and 9 hours. The
primary responsibility of the research personnel was to ensure accurate
timing and handling of blood draws even when patients were transferred
from the ED to another unit: observation unit, intensive care unit, or
telemetry unit. Heparinized blood 5 mL also was collected at time of
study markers for measurement of CK-MB in the central laboratory.
Research personnel performed bedside quantitative measurements of


myoglobin, CK-MB, and cTnI. Point-of-care results were not available
to treating clinicians for decision making.


Times from sampling to reporting of bedside and central laboratory
results were recorded. Standard laboratory result time was set to be the time
at which the value appeared in the laboratory computer system, which for
many cases was considerably earlier than the physician became aware of the
result. Patients were interviewed by research personnel to estimate time of
symptom onset, presence of muscle trauma, past medical history, and
demographics. Disposition of patients and final discharge diagnoses were
determined by treating physicians.


AMI Definition
AMI was defined as follows: (1)$1 CK-MB value higher than upper
reference range (9 ng/mL) as measured in the central laboratory over the
9-hour sampling period and (2) agreement between 2 cardiologists
working independently (after the pattern of change in CK-MB and
medical records of all patients were reviewed) that AMI had occurred.
In case of disagreement, a third cardiologist adjudicated the case. All
other final diagnoses were determined by the discharging physician as
documented in the medical record. ECGs were interpreted by physicians
blinded to the clinical cases by use of the Thrombolysis In Myocardial
Infarction (TIMI) study group11 classification.


Biomarker Analytical Techniques
CK-MB was measured in the central laboratory with the AxSYM
analyzer (Abbott Laboratories). Point-of-care testing was performed
with 6 drops of whole blood and a fluorescence immunoassay for
simultaneous quantitative determination of CK-MB, myoglobin, and
cTnI (Triage Cardiac Panel, Biosite Diagnostics). After addition of
the sample, cells are separated from the plasma through a filter in the
device. A predetermined quantity of plasma is allowed to react with
fluorescent antibody conjugates within the reaction chamber. Ana-
lytical sensitivities for CK-MB, myoglobin, and cTnI are 0.75, 2.70,
and 0.19 ng/mL, respectively.12


Statistical Analysis
Group comparisons were made by use of thex2 test, Wilcoxon rank
sum test, ort test as appropriate. A 2-sideda level of 0.05 was used
to determine significance. Receiver-operating characteristic curve
(ROC) analysis was performed on each of the 3 markers measured by
the bedside device as predictors of final diagnosis of AMI. Cutoff
values with the largest sum of sensitivity plus specificity for all time
points combined were chosen. By use of these optimal values,
resulting sensitivity, specificity, and positive and negative predictive
value estimates were obtained for each individual time point and


TABLE 1. Patient Characteristics


All (n5817) AMI (n565) No AMI (n5752) P


Demographics


Age, mean6SD 64616 69614 63616 0.006


Men 374 (46) 31 (48) 343 (46) 0.747


Women 443 (54) 34 (52) 409 (54) 0.747


Black 664 (81) 54 (83) 610 (81) 0.291


White 129 (16) 7 (11) 122 (16) 0.291


Past medical history


Myocardial infarction 266 (33) 17 (28) 249 (34) 0.336


CABG surgery 92 (12) 8 (13) 84 (11) 0.652


Percutaneous coronary intervention 166 (21) 9 (15) 157 (22) 0.218


Diabetes mellitus 224 (28) 24 (39) 200 (27) 0.045


Muscle trauma 29 (4) 4 (7) 25 (3) 0.187


Chronic renal insufficiency* 201 (25) 23 (35) 178 (24) 0.041


Values are all n (%) unless otherwise indicated.
*Serum creatinine $1.5 mg/dL.
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marker and for the various time points and marker combinations. For
marker combinations, if any test was abnormal, the combination was
considered positive, and only if all tests were negative was the
combination considered negative.


Results
Patient Characteristics
Table 1 shows demographics and medical histories of the
study population. Final diagnoses (Table 2) included 65
patients with AMI. Median time from symptom onset to
presentation was 4.3 hours for the entire group (Figure 1) and
3.9 hours in patients with AMI. Dispositions from the ED
included admission to the telemetry unit n5376 (46%), to the
short-stay observation unit n5262 (32%), to the cardiac
intensive care unit n593 (11%), and to other medical beds
n586 (10%). ECG findings in patients with AMI included
nondiagnostic ST-T changes n543 (66%), ST-segment de-
pression $1.0 mm n511 (17%), ST-segment elevation
$1.0 mm n58 (13%), and normal n53 (5%).


Diagnostic Accuracy of Point-of-Care
Biomarker Combinations
ROC analysis for point-of-care measurement of myoglobin,
cTnI, and CK-MB is shown (Figures 2 through 4). Calculated
optimum cut-point levels and corresponding coefficients of
variation for myoglobin, CK-MB, and cTnI were 200 (11%),
6.0 (12%), and 0.4 (12%) ng/mL, respectively. The combi-
nation of cTnI and myoglobin results obtained at 0 and 90
minutes yielded highest negative predictive value (99.6%)
and sensitivity (96.7%) for determination of AMI during the
first 3 hours (Table 3). Neither use of CK-MB nor additional
3-hour sample improved negative predictive value or sensi-
tivity. Of 65 patients with AMI, 55 (85%) had abnormal
myoglobin or cTnI at baseline, and 8 additional patients were


identified as having abnormal myoglobin or cTnI at 90
minutes. Thus, 63 (97%) of the 65 AMI patients had
abnormal cTnI or myoglobin levels within 90 minutes.


The 2 individuals with AMI not identified early did not
show elevated levels of CK-MB until 9 hours. The first
patient was a 56-year-old female with a history of hyperten-
sion who had vomiting, diarrhea, and abdominal pain. She
first complained of intermittent chest discomfort lasting 10
minutes in the triage area just before the initial blood draw.
ECG showed T-wave inversion in leads V1 through V3, and
coronary angiography demonstrated normal coronary arteries.
The second patient was a 52-year-old woman with a history
of diabetes mellitus and hypertension who complained of
intermittent “chest heaviness” that lasted 10 to 15 minutes
and had started 6 hours before presentation. Coronary angiog-
raphy showed a 90% stenosis in the left anterior descending
artery.


Patients with creatinine levels$1.5 mg/dL (n5178) had
significantly higher baseline myoglobin levels compared with
those with lower creatinine values (330 versus 123 ng/mL;
P,0.001); patients who stated a history of recent muscle
trauma (n5 25) did not have significantly higher myoglobin
levels (197 versus 153 ng/mL;P50.538). Specificity of
myoglobin on admission for patients with creatinine levels
,1.5 mg/dL was 89% (n5564), whereas specificity was only
35% for patients with creatinine levels$1.5 mg/dL. Median


Figure 1. Time from symptom onset to presentation. Symptom
onset could not be determined for 158 patients.


Figure 2. ROC analysis for myoglobin, which yielded an opti-
mum cut point of 200 ng/mL and an area under the curve of
0.82 (95% CI, 0.79 to 0.84).


Figure 3. ROC analysis for CK-MB, which yielded an optimum
cut point of 6.0 ng/mL and an area under the curve of 0.92
(95% CI, 0.90 to 0.94).


TABLE 2. Primary Final Diagnosis


No. of Patients (%)


Myocardial infarction 65 (8)


Unstable angina 89 (11)


Stable angina 26 (3)


Noncardiac diagnosis 244 (30)


Chest pain of uncertain cause 159 (20)


Congestive heart failure 119 (15)


Arrhythmia 58 (7)


Syncope 57 (7)
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time for results was 24.0 minutes by the bedside device and
71.0 minutes by the central laboratory (P,0.001).


Discussion
Current protocols to exclude AMI typically measure individ-
ual cardiac markers over 6 to 12 hours. The largest study to
date that involved cardiac marker combinations (.6000
patients) demonstrated that measurement of CK-MB and
myoglobin at 0 and 1 hour had a sensitivity of only 72% for
AMI. 13 The present study demonstrates that AMI can be
excluded more rapidly by use of a combination of normal
cTnI and myoglobin values done at 0 and 90 minutes after ED
admission. This has significant implications. For example, of
the 262 patients admitted to the observation unit, 194 (74%)
had negative cardiac bedside myoglobin and cTnI values at 0
and 90 minutes and were possible candidates for earlier stress
testing or discharge.


Patients with only elevated myoglobin at 0 or 90 minutes
require additional cTnI measurement at 6 to 9 hours to
confirm myocardial necrosis and eliminate false-positives.
Patients with renal insufficiency have higher myoglobin


levels and, therefore, a higher false-positive rate. In the
present study, history of muscle trauma was not associated
with higher myoglobin levels and is probably explained by
either patient reporting of all muscle contusions, even minor
ones, or by our use of a cut-off value for myoglobin of 200
ng/mL, which is a higher value than in other reports.14


The combination of cTnI and myoglobin had a higher
cumulative negative predictive value and sensitivity for AMI
within 90 minutes compared with CK-MB and myoglobin.
Benamer et al15 showed that troponin T elevation identified
more patients with AMI compared with CK-MB in a chest
pain unit setting within the first 4 hours of presentation.
Troponin measurement also detects patients with AMI who
present late and is superior to CK-MB for risk stratification of
patients with acute coronary syndrome.5,16Patients with acute
coronary syndrome and troponin elevation but normal
CK-MB values have higher-risk coronary anatomy (complex
lesions, multivessel disease, and thrombus) at heart
catheterization.17


Our present study used CK-MB as the standard for diag-
nosis of AMI, but troponin probably has superior diagnostic
and prognostic usefulness. Troponin now is recognized as the
preferred cardiac marker among consensus documents that
concern management of unstable angina and non–ST segment
elevation myocardial infarction18 and redefinition of AMI.19


Even low levels of troponin that are below typical cutoff
values to define myocardial necrosis appear to have prognos-
tic significance for future cardiac events.20 We believe that
the combination of myoglobin and troponin measurement
should supplant CK-MB in the routine initial assessment of
patients with possible acute coronary syndrome in the ED.
CK-MB may have a role in clarifying the clinical situation in
the setting of reinfarction or troponin elevation of unclear
origin.


High early sensitivity for AMI at 90 minutes in our present
study is at variance with some prior trials. Our patient
population may have some unique characteristics. Median


TABLE 3. Diagnostic Usefulness of Biomarker Combinations


Point of Care


Time 0 0, 90 min 0, 90 min, 3 h


Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity


Myo 70.8 (58–81) 75.6 (72–79) 84.6 (74–92) 73.0 (70–76) 84.6 (74–92) 71.1 (68–74)


CK-MB 75.4 (63–85) 84.7 (82–87) 83.1 (72–91) 83.0 (80–86) 89.2 (79–96) 81.6 (79–84)


cTnI 64.6 (52–76) 87.6 (85–90) 76.9 (65–86) 79.0 (76–82) 87.7 (77–94) 69.8 (66–73)


Myo, CK-MB 83.1 (72–91) 70.2 (67–73) 92.3 (83–98) 67.5 (64–71) 92.3 (83–98) 65.7 (62–69)


Myo, cTnI 84.6 (74–92) 66.8 (63–70) 96.9 (89–100) 59.7 (56–63) 96.9 (89–100) 53.1 (49–57)


Negative
Predictive


Value


Positive
Predictive


Value


Negative
Predictive


Value


Positive
Predictive


Value


Negative
Predictive


Value


Positive
Predictive


Value


Myo 96.8 (95–98) 20.1 (15–26) 98.2 (97–99) 21.4 (16–27) 98.3 (97–99) 20.4 (16–26)


CK-MB 97.5 (96–99) 29.9 (23–38) 98.3 (97–99) 29.8 (23–37) 98.9 (98–100) 29.9 (24–38)


cTnI 96.6 (95–98) 31.1 (23–40) 97.5 (96–99) 24.2 (18–31) 98.5 (97–99) 20.2 (16–25)


Myo, CK-MB 98.0 (96–99) 19.4 (15–25) 99.0 (98–100) 19.7 (15–25) 99.0 (98–100) 19.0 (15–24)


Myo, cTnI 98.0 (96–99) 18.1 (14–23) 99.6 (98–100) 17.3 (14–22) 99.5 (98–100) 15.2 (12–19)


Myo indicates myoglobin. Values are all % (95% CI). If any value of a combination of markers was positive, the combination was
considered positive. All values had to be negative for the combination to be considered negative.


Figure 4. ROC analysis for troponin I, which yielded an opti-
mum cut point of 0.4 ng/mL and an area under the curve of
0.86 (95% CI, 0.83 to 0.89).
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time from symptom onset to presentation was 4.3 hours,
which is longer than in other reports13; this, in turn, may have
improved sensitivity. However, 30 (46%) of AMI patients
presented,4 hours after symptom onset, and 19 (30%)
presented within 2 hours. In these groups, sensitivity was
96.7% and 94.4%, respectively. Furthermore, many other
trials did not report the combined sensitivity of a multimarker
approach, but instead cited only sensitivity of various indi-
vidual markers over time.6,8 Studies that used a multimarker
strategy have reported high early sensitivity. Kontos et al21


reported sensitivity of 85% for the combination of CK-MB
and myoglobin on admission and 100% at 4 hours. Jernberg
et al22 similarly described sensitivity of 88% for CK-MB and
myoglobin at 0 hours and 99% at 3 hours. Maisel et al23


reported sensitivity of 88% for myoglobin and cTnI measured
over 2 hours, with a negative predictive value of 99%.
Finally, the particular assay used in the present study may
have some unique characteristics. Lack of standardization of
cTnI assays has led to interassay variability, which has
resulted in.20-fold differences in measured values.24 Serum
troponin exists in various complex and free forms.24,25 The
assay used in the present study measures all forms of cTnI in
an equimolar fashion, which differentiates it from other
assays.24 Clinical implications of detecting different forms of
cTnI, if any, presently are unknown.


Point-of-care testing of cardiac markers also offers some
additional unique benefits. Recently published guidelines
recommend a 30-minute turnaround time for cardiac markers
in patients being evaluated for possible acute coronary
syndrome in the ED.18 Even when we focused on this
problem, only 3% of the results measured by the central
laboratory met this goal compared with 68% when markers
were measured at patient bedside. Transport time, sample
handling, and making the physician aware of the result are all
logistic hurdles that make this 30-minute goal difficult to
accomplish with a central laboratory strategy. Point-of-care
testing permits shortening of turnaround time from blood
draw to physician decision making, and time to treatment
may be important for patients with non–ST elevation AMI.26


A limitation of the present study is that predetermined
values were not evaluated; instead, ROC analysis–
determined values optimized to fit the data were used. These
values generated from this particular population may not be
ones that can be extrapolated to other settings. However, the
calculated value for cTnI (0.4 ng/mL) is exactly the same as
the manufacturer’s recommended value; the calculated value
for CK-MB (6.0 ng/mL) is similar (manufacturer’s value, 4.3
ng/mL). Only the calculated myoglobin value (200 ng/mL) is
substantially different (manufacturer’s value, 107 ng/mL).


Another limitation is that blood samples were not drawn in
206 patients during the entire 9 hours. However, including the
available laboratory values of these patients in our calcula-
tions did not significantly change baseline specificity of cTnI
and myoglobin: 87.8% versus 87.6%, and 76.6% versus
75.6%, respectively. Also, caution should be exercised when
a 90-minute rule-out protocol is used in patients who present
to hospital within 1 to 2 hours after symptom onset or in those
who have transitory symptoms. Although 19 (30%) AMI
patients presented within 0 to 2 hours after symptom onset,


only 5 did so within 1 hour. The 2 patients with AMI not
identified at 90 minutes described intermittent symptoms that
lasted only 10 to 15 minutes. Patients that present,1 hour
after symptom onset probably require additional blood sam-
pling and observation.


In conclusion, our present study of a large number of ED
patients with possible AMI has shown the following: (1) that
myoglobin and cTnI measurements during the first 90 min-
utes rapidly and accurately excluded AMI with this particular
assay and (2) that more rapid turnaround time of cardiac
marker results was achieved with point-of-care technology,
which may lead to more rapid patient triage and treatment.
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Aims To examine treatment patterns and outcomes of patients with non-ST-segment elevation acute coronary syndrome
(NSTE ACS) receiving long-term warfarin anticoagulation.


Methods
and results


We examined acute medication and invasive cardiac procedure use and in-hospital outcomes among 101 078 patients
with NSTE ACS included in the CRUSADE registry. On admission, 7201 patients (7%) were on home warfarin
therapy. Compared with non-anticoagulated patients, these patients were older and had more comorbidities, but
were less likely to receive acute antiplatelet and antithrombin medications. Patients on warfarin were also less
likely to undergo coronary angiography (adjusted OR 0.77, 95% CI 0.70–0.86) and percutaneous coronary interven-
tion (adjusted OR 0.80, 95% CI 0.75–0.86), and had longer waiting times for these procedures when performed.
Although patients on warfarin had higher rates of death and major bleeding compared with non-anticoagulated
patients, these differences were no longer significant after multivariable adjustment [ORs 0.90 (95% CI 0.80–1.02)
and 1.02 (95% CI 0.93–1.11)]. Among patients on warfarin, however, early use of antiplatelet medications was associ-
ated with increased transfusion risk.


Conclusion Despite higher-risk characteristics, warfarin-anticoagulated patients are often more conservatively managed, as early
use of antithrombotic therapies may be associated with increased bleeding. Further investigation is needed to deter-
mine the optimal choice of therapies for this population.


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords NSTE ACS † Warfarin † Anticoagulation † Bleeding


Introduction
An estimated 2.5 million patients in the United States are treated
with warfarin anticoagulant therapy, and many of these patients
have concurrent risk factors for coronary artery disease.1


However, patients on warfarin who present with acute coronary
syndrome (ACS) represent a clinical conundrum, as management


guidelines for ACS are based on clinical trials that have largely
excluded patients who receive long-term anticoagulation
therapy.2 Although antithrombotic medications and revasculariza-
tion procedures effectively reduce cardiovascular morbidity and
mortality,3 the risk of bleeding associated with these treatment
strategies may be particularly heightened in the setting of thera-
peutic anticoagulant levels.4 In the absence of evidence-based
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guidelines, the optimal treatment strategy for patients on long-
term warfarin remains unclear and likely results in significant vari-
ations in physician practice and clinical outcomes.


The Can Rapid risk stratification of Unstable angina patients Sup-
press ADverse outcomes with Early implementation of the Amer-
ican College of Cardiology/American Heart Association guidelines
(CRUSADE) Quality Improvement Initiative database offers a
unique opportunity to examine current patterns of early anti-
thrombotic medication and invasive cardiac procedure use
among patients chronically anticoagulated with warfarin, and to
correlate the use of these therapies with bleeding complications
in this population.


Methods


Study population
CRUSADE is a national registry designed to improve the quality of care
for patients hospitalized with non-ST-segment elevation (NSTE) ACS.
Consecutive patients with ischaemic symptoms within 24 h of presen-
tation lasting �10 min and high-risk features such as ischaemic
ST-segment electrocardiographic changes (ST depression �0.5 mm,
transient ST elevation 0.5–1.0 mm lasting ,10 min) and/or cardiac
biomarkers (troponin I or T and/or creatine kinase-MB) greater than
normal upper limit within 24 h of hospital admission were included.
Hospital participation in CRUSADE was voluntary and open to all hos-
pitals in the United States. Participation required the approval of the
institutional review board of each hospital. As patient information
was collected anonymously without unique patient identifiers, individ-
ual informed consent was not required.


The CRUSADE data collection form captured baseline demographic
and clinical characteristics, use and dosing of acute evidence-based
medical therapies (i.e. within 24 h of presentation), and use of
in-hospital coronary angiography and revascularization procedures
using standardized data elements and data definitions.5 Patient data
were captured retrospectively via chart review and entered by sites
into a web-based data collection form. Data were screened upon
entry, and only those meeting predetermined criteria for completeness
and accuracy could be entered into the database. In 2002, de-identified
records from one quarter of the CRUSADE hospitals (randomly
selected) were audited, revealing an overall data accuracy of 95%.
The overall degree of missing data averaged 5% across all data
elements, with variables such as age and gender missing in ,0.5% of
all cases. Each quarter, sites received a report summarizing any
observed data quality issues, thus iteratively improving the overall
quality of the database.


The study population for this analysis included 101 078 patients
enrolled in CRUSADE between February 2003 and June 2006 across
475 US hospitals of varying size, teaching status, and interventional
or cardiac surgical capabilities. Use of home warfarin was not collected
in CRUSADE until version 2 of the data collection form was
implemented in February, 2003. Patients transferred out from a
CRUSADE hospital were excluded from the outcomes analyses, as
clinical outcomes could not be ascertained after transfer because of
current U.S. privacy laws.


Data definitions
Patients on home warfarin anticoagulation were defined as those for
whom warfarin was documented as a home medication at hospital
admission. Recommended antithrombotic dosing was defined in
accordance with guidelines and package inserts.2,6 Under-dosing was


defined as enoxaparin administered at ,0.95 mg/kg or unfractionated
heparin (UFH) administered at ,50 units/kg bolus or ,10 units/kg/h
infusion. In-hospital clinical outcomes were collected using standar-
dized definitions:5 post-admission myocardial infarction was defined
as clinical signs and symptoms of a repeat infarction distinct from the
presenting event, associated either with new significant Q waves in
at least two contiguous ECG leads or new biomarker elevation.
Among patients without revascularization, biomarker elevation was
defined by a creatine kinase-MB (CK-MB) or troponin increase
above the upper limit of normal (ULN) if the most recent markers
prior to the event were normal or an increase of �50% above
the most recent value in patients whose most recent values were
above the ULN. Among patients within 24 h of a revascularization pro-
cedure, biomarker elevation was defined by a CK-MB increase of
�50% of preprocedure level (if preprocedure markers were above
the ULN) or increased to �3� the ULN in patients (if preprocedure
markers were normal) within 24 h of percutaneous coronary interven-
tion (PCI), or increase to �5� the ULN in patients within 24 h of cor-
onary artery bypass grafting (CABG). Stroke was defined as a focal
neurological deficit lasting �24 h. Major bleeding was defined as an
absolute haematocrit drop of �12%, intracranial haemorrhage, retro-
peritoneal bleeding, a baseline (admission) haematocrit �28% with a
red blood cell transfusion, or a baseline haematocrit ,28% with wit-
nessed bleeding that was accompanied by a red blood cell transfusion.
Transfusion was defined as any non-autologous transfusion of either
whole blood or packed red blood cells. Patients who had in-hospital
CABG were excluded from the bleeding and transfusion analyses
because of confounding with post-CABG bleeding and transfusion
needs.


Statistical methods
Patients were stratified into those who were receiving home warfarin
at time of hospital admission and those who were not. Baseline patient
and hospital characteristics, use of acute medical therapies and revas-
cularization procedures, and in-hospital outcomes were compared
between the two groups. Continuous variables were presented as
medians with 25th and 75th percentiles. Categorical variables were
expressed as frequencies with percentages. Continuous and ordinal
categorical variables were compared using stratum adjusted Wilcoxon
rank-sum tests, whereas nominal categorical variables were compared
using stratum-adjusted x2 tests where stratification is by hospital.


Logistic generalized estimating equations models were used to
compare treatment patterns and outcomes between chronically antic-
oagulated and non-chronically anticoagulated patients.7 This method
accounted for within-centre correlation of responses; i.e. patients at
the same hospital were more likely to have similar responses relative
to patients in other hospitals. The type of covariance matrix used to
model the within-centre correlations is the exchangeable correlation
structure. Variables entered in the models were adapted from a vali-
dated mortality risk model for patients with NSTE ACS (c-index ¼
0.81)8 and included age, sex, race, body mass index, insurance status
(Medicare, Medicaid, self-insured, or health maintenance organiz-
ation/private insurance), family history of coronary artery disease,
hypertension, diabetes mellitus, current/recent smoker, hyperlipidae-
mia (defined as known total cholesterol .200 mg/dL or chronic treat-
ment with a lipid-lowering agent), previous myocardial infarction,
previous PCI, previous CABG, previous heart failure (HF), previous
stroke, renal insufficiency, presenting systolic blood pressure, heart
rate, ST-segment (depression, elevation, neither), signs of HF at pres-
entation, positive cardiac biomarkers, physician specialty (cardiologist
vs. non-cardiologist), hospital region (West, Northeast, Midwest, or
South), facility type (no services, surgery, catheterization laboratory
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only, or percutaneous but no surgical revascularization capability),
teaching hospital status (academic vs. non-academic), and total
number of beds.


The relationship between acute use of antiplatelet medications such
as aspirin, clopidogrel, and GP IIb/IIIa inhibitor within the first 24 h of
admission and subsequent bleeding and transfusion outcomes were
explored among the patients on home warfarin. Because admission
INR was not a variable collected in this database, we repeated this
analysis within the group of patients on warfarin who were also
treated with acute heparin.


A P value of ,0.05 was considered statistically significant for all tests
and all tests of statistical significance were two-tailed. All analyses were
performed using SAS software version 9.1 (SAS Institute, Cary, NC).


Results


Patient characteristics
Among 101 078 ACS patients included in CRUSADE during the
period of analysis, 7201 (7.1%) were on home warfarin therapy
at the time of ACS admission. Patients on warfarin were older
and had a higher prevalence of comorbid risk factors, such as
hypertension, diabetes mellitus, and renal insufficiency, as well as
evidence of existing cardiovascular disease, including prior stroke,
myocardial infarction, revascularization, and HF (Table 1).


Comparison of treatment patterns
between patients with and without
home warfarin use
After adjustment for baseline patient and hospital characteristics,
patients on home warfarin were significantly less likely to be
treated with acute antithrombotic medications (aspirin, clopido-
grel, heparin, and glycoprotein IIb/IIIa inhibitors) than patients
who were not on warfarin (Table 2), in contrast to other
guidelines-recommended medications such beta-blockers,
angiotensin-converting enzyme inhibitors, and statins. Notably,
74.9% of patients on warfarin received heparin anticoagulation,
37.7% received clopidogrel, and 25.5% received glycoprotein IIb/
IIIa inhibitors within the first 24 h of hospitalization.


Patients on home warfarin therapy were less likely to receive
recommended dosages of these acute medications (Table 3). A full
loading dose (�325 mg) of aspirin was given in only 57.9% of
warfarin-anticoagulated patients compared with 67.7% of patients
not on warfarin (adjusted OR 0.76, 95% CI 0.71–0.81). Among
patients on warfarin who were treated with UFH, 30.4% were
started on an intravenous infusion alone without a bolus dose and
33.0% were given a lower than recommended bolus dose
(defined as ,50 units/kg bolus). There were no significant differ-
ences in the dosing of the UFH infusion or low-molecular-weight
heparin between patients with and without home warfarin use.


Patients on home warfarin were less likely to undergo diagnostic
cardiac catheterization, PCI, or CABG compared with those who
were not on warfarin (Table 4). Patients on warfarin undergoing
PCI trended towards slightly lower rates of drug-eluting stent
use (69.1 vs. 72.8%; adjusted OR 0.93, 95% CI 0.85–1.01).
Median waiting times for procedures were also longer for patients
on home warfarin (Figure 1). Patients on warfarin undergoing PCI
were less likely to receive upstream glycoprotein IIb/IIIa inhibitors


(adjusted OR 0.79, 95% CI 0.68–0.93) compared with patients
who were not on warfarin.


Comparison of outcomes between
patients with and without home
warfarin use
Patients on home warfarin had higher rates of adverse clinical out-
comes than patients who were not on warfarin; however, after
adjusting for baseline clinical characteristics, there were no
longer any significant differences in the adjusted risks of in-hospital
death, post-admission myocardial infarction, major bleeding, and
stroke (Table 5). Non-CABG-related transfusion rates were slightly
higher in the group of patients on warfarin (13.2 vs. 9.0%, adjusted
OR 1.09, 95% CI 1.00–1.19).


Correlation of acute medication use with
bleeding outcomes among patients on
home warfarin
Among patients who were on home warfarin, those treated with
early clopidogrel or glycoprotein IIb/IIIa inhibitors tended to be
younger, male, and less likely to have had a history of prior HF
compared with patients who did not receive early antiplatelet
therapy. However, even after adjusting for these differences,
early use of clopidogrel use among these patients was associated
with increased risk of transfusion, and early glycoprotein IIb/IIIa
inhibitor use was associated with both increased bleeding and
transfusion risks (Figure 2). In a secondary analysis restricted to
warfarin patients treated with acute heparin, a similar increase in
major bleeding and transfusion was seen with the acute use glyco-
protein IIb/IIIa inhibitors [adjusted ORs 1.74 (95% CI 1.35–2.25)
and 1.41 (95% CI 1.05–1.89), respectively].


Discussion
Our study provides one of the first characterizations of acute
treatment patterns among patients who were receiving home war-
farin anticoagulation at time of hospitalization for NSTE ACS.
A sizable proportion of NSTE ACS patients (7%) were on home
warfarin anticoagulation. These patients had a higher risk profile
compared with patients who were not on chronic anticoagulation,
yet were less likely to receive acute antithrombotic and invasive
therapies. Although overall bleeding rates were similar, chronically
anticoagulated patients were slightly more likely to receive a trans-
fusion than non-anticoagulated patients. Among patients receiving
home warfarin, early use of antiplatelet agents was associated
with higher bleeding and transfusion risks.


Use of antithrombotic medications in
the warfarin-anticoagulated patient
The haemorrhagic risk of warfarin therapy remains significant and
appears to be compounded by the multi-tiered antithrombotic
strategy recommended for ACS.4 Practice guidelines for the use
of antithrombotic and invasive therapies in ACS patients are
largely based on clinical trials with highly selected populations.2


As a result, there is very little evidence to guide management of
chronically anticoagulated patients. To complicate matters
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further, patients requiring long-term anticoagulation, as our study
shows, are in a higher category of risk by any measurable ACS
risk score. Thus, clinicians are faced with the dilemma of increased
thrombotic risk as a result of insufficient antithrombotic therapy
use, or increased bleeding risk as a result of potential interactions
with acute ACS therapies.


Current practice patterns reflect conservative use of antithrom-
botic strategies among warfarin-treated patients in the absence of


adequate safety data, yet notably 75% of patients on home warfarin
received heparin therapy within the first 24 h of hospitalization.
While international normalized ratios (INRs) on admission were
not collected in the CRUSADE database, subtherapeutic INR
levels have been reported in 28–43% of patients on long-term
warfarin therapy,9,10 suggesting that at least one in four patients
were treated with heparin despite therapeutic warfarin levels.
No randomized clinical trial to date has examined the safety of


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


Table 2 Rates and adjusted odds ratios of acute medication use for patients on home warfarin anticoagulation vs. no
warfarin


Home warfarin (n 5 7201), % No warfarin (n 5 93 977), % Adjusted OR (95% CI)


Aspirin 90.6 95.9 0.52 (0.46–0.57)


Clopidogrel 37.7 55.6 0.53 (0.50–0.56)


Heparin 74.9 88.3 0.46 (0.42–0.50)


GP IIb/IIIa inhibitor 25.5 47.6 0.57 (0.53–0.61)


Beta-blocker 88.3 89.6 0.92 (0.85–1.00)


ACE-inhibitor 52.5 48.8 1.02 (0.97–1.08)


Statin 57.2 59.2 0.95 (0.90–1.00)


OR, odds ratio; CI, confidence interval; GP, glycoprotein; ACE, angiotensin-converting enzyme.
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Table 1 Comparison of baseline clinical characteristics by home anticoagulation status


Variable Home warfarin (n 5 7201) No warfarin (n 5 93 977) P


Demographics


Age, years* 75 (66, 82) 67 (56, 78) ,0.0001


Women, % 41.4 39.4 0.0007


Clinical characteristics


Hypertension, % 78.6 70.2 ,0.0001


Diabetes mellitus, % 41.2 32.6 ,0.0001


Hyperlipidaemia, % 54.3 51.4 ,0.0001


Prior myocardial infarction, % 41.1 27.7 ,0.0001


Prior percutaneous coronary intervention, % 24.9 20.9 ,0.0001


Prior coronary artery bypass grafting, % 32.9 17.9 ,0.0001


Prior heart failure, % 38.5 15.5 ,0.0001


Prior stroke, % 22.4 9.2 ,0.0001


Systolic blood pressure, mmHg* 139 (119, 160) 144 (124, 165) ,0.0001


Heart rate, b.p.m.* 87 (72, 105) 83 (70, 98) ,0.0001


Signs of heart failure, % 38.4 22.7 ,0.0001


Positive cardiac biomarkers, % 94.6 93.6 0.0006


Admission creatinine clearance, mL/min*† 40.7 (28.0, 57.3) 54.6 (35.3, 76.6) ,0.0001


Admission haematocrit, %* 38.9 (34.6, 42.8) 40.7 (36.6, 44.2) ,0.0001


Moderate/severe LV dysfunction (EF ,40%), % 38.5 22.5 ,0.0001


Hospital features


Hospital size, beds* 347 (247, 500) 353 (249, 521) 0.02


Academic hospital 29.9 30.2 0.59


Cardiology inpatient service 50.8 57.6 ,0.0001


PCI facility 84.1 79.3 ,0.0001


*Values are median (25th and 75th percentiles).
†Creatinine clearance calculated by the Cockroft–Gault formula.


T.Y. Wang et al1106


 by guest on N
ovem


ber 25, 2010
eurheartj.oxfordjournals.org


D
ow


nloaded from
 



http://eurheartj.oxfordjournals.org/





using glycoprotein IIb/IIIa inhibitors in patients who are on warfarin.
Our study shows that early use of glycoprotein IIb/IIIa inhibitors
occurred in 26% of ACS patients who were on warfarin at time
of admission. Although treated patients were less likely to have
bleeding risk factors,4 glycoprotein IIb/IIIa inhibitor use was still
associated with significant bleeding and transfusion risks. In con-
trast to an earlier study that showed no significant effect of conco-
mitant clopidogrel and warfarin therapy on bleeding risk,11 our
results suggest an association of early clopidogrel treatment with
increased transfusion risk. However, patients treated with either
glycoprotein IIb/IIIa inhibitors or clopidogrel are usually simul-
taneously treated with aspirin and antithrombin therapy; thus, a
synergistic effect from concomitant anticoagulating therapies may
further contribute to the increase in bleeding risk.


Newer antithrombotic agents have been promoted as alterna-
tive therapies in both ACS and PCI on the basis of reduced bleed-
ing risk when compared with traditional heparin-based
strategies.12,13 These medications may be particularly valuable in
reducing the bleeding risk of ACS patients receiving long-term
anticoagulation and further investigation is warranted.


Use of invasive procedures in the
warfarin-anticoagulated patient
Although an early invasive strategy is recommended for patients
who present with NSTE ACS,2 patients on warfarin are less
likely to undergo in-hospital catheterization and revascularization.
The common clinical practice of deferring cardiac catheterization


until a lower INR is reached is associated with increased hospital
stay and cost, and may be associated with increased cardiovascular
risk, particularly among patients with left ventricular dysfunction or
left main or multivessel disease. Likewise, the risk and
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Table 4 Rates and adjusted odds ratios of in-hospital invasive cardiac procedure use for patients on home warfarin
anticoagulation vs. no warfarin


Home warfarin (n 5 7201), % No warfarin (n 5 93 977), % Adjusted OR (95% CI)


Cardiac catheterization 70.9 81.7 0.77 (0.70–0.86)


PCI 36.8 51.8 0.80 (0.75–0.86)


CABG 7.3 12.5 0.68 (0.60–0.77)


OR, odds ratio; CI, confidence interval; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Table 3 Dosing of acute medications for patients on home warfarin anticoagulation vs. no warfarin


Home warfarin (n 5 7201), % No warfarin (n 5 93 977), % Adjusted OR (95% CI)


Aspirin


Aspirin load (�325 mg) 57.9 67.7 0.76 (0.71–0.81)


Clopidogrel


Clopidogrel load (�300 mg) 39.8 52.1 1.08 (0.96–1.21)


Heparin


UFH bolus given 69.6 77.2 0.73 (0.68–0.79)


UFH bolus ,50 units/kg 33.0 30.1 1.22 (1.10–1.37)


UFH infusion given 74.2 72.8 0.97 (0.90–1.05)


UFH infusion ,10 units/kg/h 19.3 18.2 1.08 (0.97–1.21)


Enoxaparin ,0.95 mg/kg 33.2 31.0 0.96 (0.85–1.08)


OR, odds ratio; CI, confidence interval; UFH, unfractionated heparin.


Figure 1 Comparison of time to cardiac procedures by
chronic anticoagulation status. Medians are represented by
circles, surrounded by 25th, and 75th percentiles; P , 0.0001
for all comparisons between chronic warfarin and no warfarin
groups. CABG, coronary artery bypass graft; PCI, percutaneous
coronary intervention.
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inconvenience of bridging heparin administration, the potential risk
of thromboembolic complications resulting from warfarin interrup-
tion, and the transient prothrombotic state associated with war-
farin re-initiation can further contribute to adverse outcomes.14


The concern for bleeding is a major determinant of the timing of
an invasive procedure. Patients with ST-segment elevation myocar-
dial infarction frequently proceed to urgent PCI despite thera-
peutic INR levels; however, periprocedural anticoagulation and
outcomes in this population are not well characterized. With the
advent of haemostasis devices, arterial sheaths can now be safely
removed in the setting of full short-term anticoagulation with a
low incidence of haemorrhagic or vascular complications.15 In a
recent study, Jessup and colleagues showed no in-hospital bleeding
or vascular complications in a small cohort of patients undergoing
elective coronary angiography with INRs between 1.8 and 3.5.16 Of
note in this non-controlled study, additional heparin was given to a
target-activated clotting time (ACT) of �300 s; clopidogrel was
given post-stent implantation, and no glycoprotein IIb/IIIa inhibitors
were used. Although warfarin is known to increase the activated
coagulation time (ACT) monitored during interventional pro-
cedures,17 the interaction between warfarin and adjunctive


medications (such as clopidogrel and glycoprotein IIb/IIIa inhibi-
tors) commonly used in the catheterization laboratory is largely
unknown.


Study limitations
This study adds to our knowledge of ACS patients receiving long-
term anticoagulation; however, several issues should be borne in
mind when interpreting these results. First, CRUSADE did not
specifically collect indications for warfarin administration or the
intensity of anticoagulation (i.e. admission INR) prior to hospitaliz-
ation. Despite this limitation, the CRUSADE database was selected
for its national scope and large size, thereby ensuring an adequately
large population of warfarin-treated patients in whom current clini-
cal practice can be assessed. Additional data on INR levels may
help elucidate clinical decision-making, particularly among the
50–70% of patients on long-term warfarin who present for emer-
gent care with therapeutic levels of anticoagulation.10 Second, the
database only reports in-hospital outcomes, so conclusions about
long-term mortality and morbidity (and, in particular, potential
downstream benefits from intensive early ACS treatment)
cannot be made. Finally, as in any nonrandomized trial, our study


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


Table 5 Rates and adjusted odds ratio of in-hospital clinical outcomes for patients on home warfarin anticoagulation vs.
no warfarin


Home warfarin (n 5 7201), % No warfarin (n 5 93 977), % Adjusted OR (95% CI)


Death 5.9 4.1 0.90 (0.80–1.02)


Post-admission MI 2.5 2.2 0.95 (0.80–1.14)


Stroke 0.8 0.7 0.84 (0.62–1.14)


Major bleeding 11.9 9.6 1.02 (0.93–1.11)


Transfusion 13.2 9.0 1.09 (1.00–1.19)


OR, odds ratio; CI, confidence interval; MI, myocardial infarction.


Figure 2 In-hospital bleeding and transfusion outcomes among warfarin patients stratified by acute antiplatelet therapy. GP IIb/IIIa, glyco-
protein IIb/IIIa inhibitor.
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is inherently subject to potential confounders. Although we
attempted to address this by adjusting for a broad range of clinical
and hospital factors, the possibility of confounding by unmeasured
covariates remains. Of note, warfarin-treated patients who
received clopidogrel and glycoprotein IIb/IIIa inhibitor therapies
had fewer bleeding risk factors, yet were still more likely to
bleed or require transfusion. These findings suggest that, indepen-
dent of baseline risk factors, warfarin-treated patients may still be
more vulnerable to bleeding when treated with antiplatelet agents.


Conclusion
In this observational study, we note that a sizable proportion of
patients with NSTE ACS are on long-term warfarin anticoagulation
at the time of hospital presentation. Although these patients con-
stitute a higher-risk population, they are less likely to receive
antithrombotic and invasive therapies. Early use of antiplatelet
agents in these patients is associated with increased bleeding and
transfusion risks. The long-term impact of this strategy, however,
deserves further study to better inform decision making for
NSTE ACS management in this complex patient population.
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Montalescot G, White K, Goldberg RJ. Predictors of major bleed-
ing in acute coronary syndromes: the Global Registry of Acute
Coronary Events (GRACE). Eur Heart J 2003;24:1815–1823.


5. CRUSADE National Quality Initiative Available at: www.crusadeqi.
com (accessed 20 November 2007).


6. Enoxaparin [package insert] Bridgewater NAPI.
7. Zeger SL, Liang KY. Longitudinal data analysis for discrete and con-


tinuous outcomes. Biometrics 1986;42:121–130.
8. Boersma E, Pieper KS, Steyerberg EW, Wilcox RG, Chang WC,


Lee KL, Akkerhuis KM, Harrington RA, Deckers JW,
Armstrong PW, Lincoff AM, Califf RM, Topol EJ, Simoons ML. Pre-
dictors of outcome in patients with acute coronary syndromes
without persistent ST-segment elevation. Results from an inter-
national trial of 9461 patients. The PURSUIT Investigators. Circula-
tion 2000;101:2557–2567.


9. Malik AK, Taylor AJ. Can warfarin randomized trials be repro-
duced in ‘real life’? Adherence to warfarin guidelines for intensity
of anticoagulation in a university-based warfarin clinic. South Med
J 2000;93:58–61.


10. Newman DH, Zhitomirsky I. The prevalence of nontherapeutic
and dangerous international normalized ratios among patients
receiving warfarin in the emergency department. Ann Emerg Med
2006;48:182–189. 189 e1.


11. Lidell C, Svedberg LE, Lindell P, Bandh S, Job B, Wallentin L. Clo-
pidogrel and warfarin: absence of interaction in patients receiving
long-term anticoagulant therapy for non-valvular atrial fibrillation.
Thromb Haemost 2003;89:842–846.


12. Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS,
Jackman JD, Sarembock IJ, Cohen DJ, Spriggs D, Ebrahimi R,
Keren G, Carr J, Cohen EA, Betriu A, Desmet W, Kereiakes DJ,
Rutsch W, Wilcox RG, de Feyter PJ, Vahanian A, Topol EJ
REPLACE-2 Investigators. Bivalirudin and provisional glycoprotein
IIb/IIIa blockade compared with heparin and planned glycoprotein
IIb/IIIa blockade during percutaneous coronary intervention:
REPLACE-2 randomized trial. JAMA 2003;289:853–863.


13. Fifth Organization to Assess Strategies in Acute Ischemic Syn-
dromes Investigators, Yusuf S, Mehta SR, Chrolavicius S, Afzal R,
Pogue J, Granger CB, Budaj A, Peters RJ, Bassand JP,
Wallentin L, Joyner C, Fox KA. Comparison of fondaparinux and
enoxaparin in acute coronary syndromes. N Engl J Med 2006;
354:1464–1476.


14. Ansell J, Hirsh J, Dalen J, Bussey H, Anderson D, Poller L,
Jacobson A, Deykin D, Matchar D. Managing oral anticoagulant
therapy. Chest 2001;119(Suppl. 1):22S–38S.


15. Cura FA, Kapadia SR, L’Allier PL, Schneider JP, Kreindel MS,
Silver MJ, Yadav JS, Simpfendorfer CC, Raymond RR, Tuzcu EM,
Franco I, Whitlow PL, Topol EJ, Ellis SG. Safety of femoral
closure devices after percutaneous coronary interventions in the
era of glycoprotein IIb/IIIa platelet blockade. Am J Cardiol 2000;
86:780–782. A9.


16. Jessup DB, Coletti AT, Muhlestein JB, Barry WH, Shean FC,
Whisenant BK. Elective coronary angiography and percutaneous
coronary intervention during uninterrupted warfarin therapy. Cath-
eter Cardiovasc Interv 2003;60:180–184.


17. Chang RJ, Doherty TM, Goldberg SL. How does warfarin affect the
activated coagulation time? Am Heart J 1998;136:477–479.


Acute management of ACS patients on warfarin 1109


 by guest on N
ovem


ber 25, 2010
eurheartj.oxfordjournals.org


D
ow


nloaded from
 



http://eurheartj.oxfordjournals.org/






ISSN: 1524-4539 
Copyright © 2009 American Heart Association. All rights reserved. Print ISSN: 0009-7322. Online


72514
Circulation is published by the American Heart Association. 7272 Greenville Avenue, Dallas, TX


DOI: 10.1161/CIRCULATIONAHA.109.192667 
 published online Dec 17, 2009; Circulation


Committee and Stroke Statistics Subcommittee 
StatisticsWong, Judith Wylie-Rosett and on behalf of the American Heart Association 


Sorlie, Randell Stafford, Thomas Thom, Sylvia Wasserthiel-Smoller, Nathan D.
Mussolino, Graham Nichol, Veronique Roger, Wayne Rosamond, Ralph Sacco, Paul 
Ariane Marelli, Mary M. McDermott, James Meigs, Dariush Mozaffarian, Michael
Virginia Howard, Brett Kissela, Steven Kittner, Daniel Lackland, Lynda Lisabeth, 
Gillespie, Alan Go, Kurt Greenlund, Nancy Haase, Susan Hailpern, P. Michael Ho,


Dai, Giovanni De Simone, T. Bruce Ferguson, Earl Ford, Karen Furie, Cathleen 
Donald Lloyd-Jones, Robert J. Adams, Todd M. Brown, Mercedes Carnethon, Shifan


 Heart Association
Heart Disease and Stroke Statistics�2010 Update. A Report From the American


 http://circ.ahajournals.org
located on the World Wide Web at: 


The online version of this article, along with updated information and services, is


 http://www.lww.com/reprints
Reprints: Information about reprints can be found online at 
  


 journalpermissions@lww.com
410-528-8550. E-mail: 


Fax:Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. 
Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters
  


 http://circ.ahajournals.org/subscriptions/
Subscriptions: Information about subscribing to Circulation is online at 


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org

http://circ.ahajournals.org/subscriptions/

mailto:journalpermissions@lww.com

http://www.lww.com/reprints

http://circ.ahajournals.org





Heart Disease and Stroke Statistics—2010 Update
A Report From the American Heart Association


WRITING GROUP MEMBERS


Donald Lloyd-Jones, MD, ScM, FAHA; Robert J. Adams, MD, FAHA; Todd M. Brown, MD;
Mercedes Carnethon, PhD, FAHA; Shifan Dai, MD, PhD*; Giovanni De Simone, MD;


T. Bruce Ferguson, MD; Earl Ford, MD, MPH*; Karen Furie, MD; Cathleen Gillespie; Alan Go, MD;
Kurt Greenlund, PhD*; Nancy Haase; Susan Hailpern, DPH; P. Michael Ho, MD, PhD;


Virginia Howard, PhD, FAHA; Brett Kissela, MD; Steven Kittner, MD; Daniel Lackland, PhD, FAHA;
Lynda Lisabeth, PhD; Ariane Marelli, MD; Mary M. McDermott, MD; James Meigs, MD;


Dariush Mozaffarian, MD, PhD, FAHA; Michael Mussolino, PhD; Graham Nichol, MD, FAHA;
Veronique Roger, MD, FAHA; Wayne Rosamond, PhD, FAHA; Ralph Sacco, MD, FAHA;
Paul Sorlie, PhD; Randell Stafford, MD; Thomas Thom; Sylvia Wasserthiel-Smoller, PhD;


Nathan D. Wong, PhD; Judith Wylie-Rosett, EdD; on behalf of the American Heart Association
Statistics Committee and Stroke Statistics Subcommittee


TABLE OF CONTENTS


Summary. . . . . . . . . . . . . . . . . . . . . . . . . . .e1


1. About These Statistics . . . . . . . . . . . . . . . . .e8
2. Cardiovascular Diseases. . . . . . . . . . . . . . . .e11
3. Subclinical Atherosclerosis . . . . . . . . . . . . . .e35
4. Coronary Heart Disease, Acute Coronary


Syndrome, and Angina Pectoris . . . . . . . . . . .e41
5. Stroke (Cerebrovascular Disease). . . . . . . . . . .e54
6. High Blood Pressure . . . . . . . . . . . . . . . . .e70
7. Congenital Cardiovascular Defects . . . . . . . . . .e79
8. Cardiomyopathy and Heart Failure . . . . . . . . . .e84
9. Other Cardiovascular Diseases . . . . . . . . . . . .e89


— Rheumatic Fever/Rheumatic Heart Disease . . . .e89
— Pulmonary Embolism . . . . . . . . . . . . . . .e89
— Bacterial Endocarditis . . . . . . . . . . . . . . .e90
— Valvular Heart Disease . . . . . . . . . . . . . .e90
— Arrhythmias (Disorders of Heart Rhythm) . . . .e91


— Arteries, Diseases of (including Peripheral
Arterial Disease) . . . . . . . . . . . . . . . . . .e92


— Venous Thromboembolism . . . . . . . . . . . .e92
— Peripheral Arterial Disease . . . . . . . . . . . .e93


10. Risk Factor: Smoking/Tobacco Use . . . . . . . . .e98
11. Risk Factor: High Blood Cholesterol and Other


Lipids . . . . . . . . . . . . . . . . . . . . . . . . .e103
12. Risk Factor: Physical Inactivity . . . . . . . . . . .e108
13. Risk Factor: Overweight and Obesity . . . . . . . .e114
14. Risk Factor: Diabetes Mellitus . . . . . . . . . . .e121
15. End-Stage Renal Disease and Chronic Kidney


Disease . . . . . . . . . . . . . . . . . . . . . . . .e129
16. Metabolic Syndrome . . . . . . . . . . . . . . . . .e134
17. Nutrition . . . . . . . . . . . . . . . . . . . . . . .e138
18. Quality of Care. . . . . . . . . . . . . . . . . . . .e150
19. Medical Procedures . . . . . . . . . . . . . . . . .e157
20. Economic Cost of Cardiovascular Diseases. . . . .e161
21. At-a-Glance Summary Tables . . . . . . . . . . . .e163


— Men and Cardiovascular Diseases . . . . . . . .e164
— Women and Cardiovascular Diseases . . . . . .e165


*The findings and conclusions of this report are those of the authors and do not necessarily represent the views of the Centers for Disease Control and
Prevention.


The American Heart Association makes every effort to avoid any actual or potential conflicts of interest that may arise as a result of an outside
relationship or a personal, professional, or business interest of a member of the writing panel. Specifically, all members of the writing group are required
to complete and submit a Disclosure Questionnaire showing all such relationships that might be perceived as real or potential conflicts of interest.


The American Heart Association requests that this document be cited as follows: Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De
Simone G, Ferguson TB, Ford E, Furie K, Gillespie C, Go A, Greenlund K, Haase N, Hailpern S, Ho PM, Howard V, Kissela B, Kittner S, Lackland
D, Lisabeth L, Marelli A, McDermott MM, Meigs J, Mozaffarian D, Mussolino M, Nichol G, Roger V, Rosamond W, Sacco R, Sorlie P, Stafford R,
Thom T, Wasserthiel-Smoller S, Wong ND, Wylie-Rosett J; on behalf of the American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke statistics—2010 update: a report from the American Heart Association. Circulation. 2010;121:●●● –●●● .


Expert peer review of AHA Scientific Statements is conducted at the AHA National Center. For more on AHA statements and guidelines development,
visit http://www.americanheart.org/presenter.jhtml?identifier�3023366.


Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express
permission of the American Heart Association. Instructions for obtaining permission are located at http://www.americanheart.org/presenter.jhtml?
identifier�4431. A link to the “Permission Request Form” appears on the right side of the page.


A copy of the statement is available at http://www.americanheart.org/presenter.jhtml?identifier�3003999 by selecting either the “topic list” link or the
“chronological list” link (No. KB-0019). To purchase additional reprints, call 843-216-2533 or e-mail kelle.ramsay@wolterskluwer.com.


(Circulation. 2010;121:e1-e170.)
© 2009 American Heart Association, Inc.


Circulation is available at http://circ.ahajournals.org DOI: 10.1161/CIRCULATIONAHA.109.192667


e1


AHA Statistical Update


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





— Ethnic Groups and Cardiovascular Diseases. . .e166
— Children, Youth and Cardiovascular Diseases . .e167


22. Glossary . . . . . . . . . . . . . . . . . . . . . . .e168


Appendix I: List of Statistical Fact Sheets. URL:
http://www.americanheart.org/presenter.jhtml?identifier�2007


Acknowledgments
We wish to thank Drs Brian Eigel and Michael Wolz for their
valuable comments and contributions. We would like to acknowl-
edge Tim Anderson and Tom Schneider for their editorial contribu-
tions and Karen Modesitt for her administrative assistance.


Summary


Each year, the American Heart Association, in conjunction
with the Centers for Disease Control and Prevention, the
National Institutes of Health, and other government agencies,
brings together the most up-to-date statistics on heart disease,
stroke, other vascular diseases, and their risk factors and
presents them in its Heart Disease and Stroke Statistical
Update. The Statistical Update is a valuable resource for
researchers, clinicians, healthcare policy makers, media pro-
fessionals, the lay public, and many others who seek the best
national data available on disease morbidity and mortality
and the risks, quality of care, medical procedures and oper-
ations, and costs associated with the management of these
diseases in a single document. Indeed, since 2000, the
Statistical Update has been cited more than 6500 times in the
literature (including citations of all annual versions). In 2008
alone, the various Statistical Updates were cited approxi-
mately 1300 times (data from ISI Web of Science). In recent
years, the Statistical Update has undergone some major
changes with the addition of new chapters and major updates
across multiple areas. For this year’s edition, the Statistics
Committee, which produces the document for the American
Heart Association, updated all of the current chapters with the
most recent nationally representative data and inclusion of
relevant papers from the literature over the past year. In future
years, the Committee plans for the Statistical Update to be a
major source for monitoring both cardiovascular health and
disease in the population, with a focus on progress toward
achievement of the American Heart Association’s 2020
Impact Goals. In addition, future Statistical Updates will
begin to incorporate the vast amounts of data becoming
available from large population-based efforts to study the
genetics of cardiovascular disease (CVD). Below are a few
highlights from this year’s Update.


Death Rates From CVD Have Declined, Yet the Burden
of Disease Remains High


● The 2006 overall death rate from CVD (International
Classification of Diseases 10, I00–I99) was 262.5 per
100 000. The rates were 306.6 per 100 000 for white males,
422.8 per 100 000 for black males, 215.5 per 100 000 for
white females, and 298.2 per 100 000 for black females.
From 1996 to 2006, death rates from CVD declined 29.2%.
Mortality data for 2006 show that CVD (I00–I99; Q20–


Q28) accounted for 34.3% (831 272) of all 2 426 264
deaths in 2006, or 1 of every 2.9 deaths in the United
States.


● On the basis of 2006 mortality rate data, nearly 2300
Americans die of CVD each day, an average of 1 death
every 38 seconds. The 2007 overall preliminary death rate
from CVD was 250.4. More than 151 000 Americans killed
by CVD (I00–I99) in 2006 were �65 years of age. In
2006, nearly 33% of deaths due to CVD occurred before
the age of 75 years, which is well before the average life
expectancy of 77.7 years.


● Coronary heart disease caused approximately 1 of every 6
deaths in the United States in 2006. Coronary heart disease
mortality in 2006 was 425 425. In 2010, an estimated
785 000 Americans will have a new coronary attack, and
approximately 470 000 will have a recurrent attack. It is
estimated that an additional 195 000 silent first myocardial
infarctions occur each year. Approximately every 25 sec-
onds, an American will have a coronary event, and approx-
imately every minute, someone will die of one.


● Each year, approximately 795 000 people experience a new
or recurrent stroke. Approximately 610 000 of these are
first attacks, and 185 000 are recurrent attacks. Mortality
data from 2006 indicate that stroke accounted for approx-
imately 1 of every 18 deaths in the United States. On average,
every 40 seconds, someone in the United States has a stroke.
From 1996 to 2006, the stroke death rate fell 33.5%, and the
actual number of stroke deaths declined 18.4%.


● In 2006, 1 in 8.6 death certificates (282 754 deaths) in the
United States mentioned heart failure.


Prevalence and Control of Traditional Risk Factors
Remains an Issue for Many Americans


● Data from the National Health and Nutrition Examination
Survey (NHANES) 2003–2006 indicate that 33.6% of US
adults �20 years of age have hypertension (Table 6-1). This
amounts to an estimated 74 500 000 US adults with hyperten-
sion. The prevalence of hypertension is nearly equal between
men and women. African-American adults have among the
highest rates of hypertension in the world, at �43%. Among
hypertensive adults, approximately 78% are aware of their
condition, 68% are using antihypertensive medication, and
only 44% of those treated had their hypertension controlled.


● Despite 4 decades of progress, in 2008, among Americans
�18 years of age, 23.1% of men and 18.3% of women
continued to be cigarette smokers. In grades 9 through 12,
21.3% of male students and 18.7% of female students
reported current tobacco use. The percentage of the non-
smoking population with detectable serum cotinine (indi-
cating exposure to secondhand smoke) was 46.4% in
1999–2004 and was highest for those 4 to 11 years of age
(60.5%) and those 12 to 19 years of age (55.4%).


● An estimated 35 700 000 adults �20 years of age have
total serum cholesterol levels �240 mg/dL, with a preva-
lence of 16.2% (Table 11-1).


● In 2006, an estimated 17 200 000 Americans had diagnosed
diabetes, representing 7.7% of the adult population. A further
6 100 000 had undiagnosed diabetes, and 29% had prediabe-
tes, with abnormal fasting glucose levels. African-Americans,
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Mexican-Americans, Hispanic/Latino individuals, and other
ethnic minorities bear a strikingly disproportionate burden of
diabetes in the United States (Table 14-1).


The 2010 Update Expands Data Coverage of the Obesity
Epidemic and Its Antecedents and Consequences


● The estimated prevalence of overweight and obesity in US
adults (�20 years of age) is 144 100 000, which represents
66.3% of this group in 2006. Fully 32.9% of US adults are
obese (body mass index �30 kg/m2). Men and women of
all race/ethnic groups in the population are affected by the
epidemic of overweight and obesity (Table 13-1).


● Among children 2 to 19 years of age, 31.9% are overweight
and obese (which represents 23 500 000 children), and
16.3% are obese (12 000 000 children). Mexican-American
boys and girls and African-American girls are dispropor-
tionately affected. Over the last 3 decades, the prevalence
of obesity in children 6 to 11 years of age has increased
from approximately 4% to more than 17%.


● Although there is some debate regarding the amount of
excess mortality associated with overweight, it is clear that
obesity (body mass index �30 kg/m2) is associated with
marked excess mortality in the US population. Even more
notable is the excess morbidity associated with overweight
and obesity in terms of risk factor development and
incidence of diabetes, CVD end points (including coronary
heart disease, stroke, and heart failure), and numerous other
health conditions, including asthma, cancer, degenerative
joint disease, and many others.


● The prevalence of diabetes is increasing dramatically over
time, in parallel with the increases in prevalence of over-
weight and obesity.


● On the basis of NHANES 2003–2006 data, the age-adjusted
prevalence of metabolic syndrome, a cluster of major cardio-
vascular risk factors related to overweight/obesity and insu-
lin resistance, is 34% (35.1% among men and 32.6%
among women).


● The proportion of youth (�18 years of age) who report
engaging in no regular physical activity is high, and the
proportion increases with age. In 2007, among adolescents
in grades 9 through 12, 31.8% of females and 18% of males
reported that they had not engaged in 60 minutes of
moderate-to-vigorous physical activity, defined as any
activity that increased heart rate or breathing rate, even
once in the previous 7 days, despite recommendations that
children engage in such activity �5 days per week.


● Fifty-nine percent of adults who responded to the 2008
National Health Interview Survey reported engaging in no
vigorous activity (activity that causes heavy sweating and a
large increase in breathing or heart rate).


● Data from NHANES indicate that between 1971 and 2004,
average total energy consumption among US adults in-
creased by 22% in women (from 1542 to 1886 kcal/d) and
by 10% in men (from 2450 to 2693 kcal/d; see Chart 17-1).


● The increases in calories consumed during this time period are
attributable primarily to greater average carbohydrate intake,
particularly of starches, refined grains, and sugars. Other
specific changes related to increased caloric intake in the
United States include larger portion sizes, greater food quan-


tity and calories per meal, and increased consumption of
sugar-sweetened beverages, snacks, commercially prepared
(especially fast food) meals, and higher energy-density foods.


The 2010 Update Provides Critical Data Regarding
Cardiovascular Quality of Care, Procedure Utilization,
and Costs
In light of the current national focus on healthcare utilization,
costs, and quality, it is critical to monitor and understand the
magnitude of healthcare delivery and costs, as well as the
quality of healthcare delivery, related to CVDs. The Update
provides these critical data in several sections.


Quality-of-Care Metrics for CVDs
Chapter 18 reviews many metrics related to the quality of care
delivered to patients with CVDs, as well as healthcare dispari-
ties. In particular, quality data are available from the American
Heart Association’s “Get With the Guidelines” programs for
acute coronary syndromes and heart failure and the American
Stroke Association/American Heart Association’s “Get With the
Guidelines” program for acute stroke. Similar data from the
Veterans Healthcare Administration, national Medicare and
Medicaid data, and NCDR ACTION Registry data are also
reviewed. These data show impressive adherence with guide-
line recommendations for many, but not all, metrics of quality
of care for these hospitalized patients. Data are also reviewed
on screening for cardiovascular risk factor levels and control.


Cardiovascular Procedure Utilization and Costs
Chapter 19 provides data on trends and current usage of
cardiovascular surgical and invasive procedures. For example,
from 1996 to 2006, the total number of inpatient cardiovascular
operations and procedures increased 33%, from 5 444 000 to
7 235 000 annually (American Heart Association computation
based on National Center for Health Statistics annual data).


Chapter 20 reviews trends and current projections of direct
and indirect healthcare costs related to CVDs, stroke, and
related conditions. The total direct and indirect cost of CVD
and stroke in the United States for 2010 is estimated to be
$503.2 billion. This figure includes health expenditures (di-
rect costs, which include the cost of physicians and other
professionals, hospital and nursing home services, prescribed
medications, home health care, and other medical durables)
and lost productivity resulting from morbidity and mortality
(indirect costs). Total hospital costs (inpatients, outpatients,
and emergency department patients) projected for the year
2010 are estimated to be $155.7 billion. By comparison, in
2008, the estimated cost of all cancer and benign neoplasms
was $228 billion ($93 billion in direct costs, $19 billion in
morbidity indirect costs, and $116 billion in mortality indirect
costs). CVD costs more than any other diagnostic group.


The American Heart Association, through its Statistics Com-
mittee, continuously monitors and evaluates sources of data on
heart disease and stroke in the United States to provide the most
current data available in the Statistics Update. The 2007 prelim-
inary mortality data have been released. More information can
be found at the National Center for Health Statistics Web site,
http://www.cdc.gov/nchs/data/nvsr/nvsr58/nvsr58_01.pdf.


Finally, it must be noted that this annual Statistical Update
is the product of an entire year’s worth of effort by dedicated
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professionals, volunteer physicians and scientists, and out-
standing American Heart Association staff members, without
whom publication of this valuable resource would be impos-
sible. Their contributions are gratefully acknowledged.


Donald Lloyd-Jones, MD, ScM, FAHA
Nancy Haase
On behalf of the American Heart Association Heart
Disease and Stroke Statistics Writing Group


Note: Population data used in the compilation of NHANES
prevalence estimates will now agree with the latest year of the
NHANES survey being used. Extrapolations for NHANES
prevalence estimates are based on the census resident popu-
lation for 2006 because this is the most recent year of
NHANES data used in the Statistical Update. An exception is
the provisional smoking data from the 2008 National Health
Interview Survey.
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1. About These Statistics


The American Heart Association (AHA) works with the
Centers for Disease Control and Prevention’s (CDC’s) Na-
tional Center for Health Statistics (NCHS); the National
Heart, Lung, and Blood Institute (NHLBI); the National
Institute of Neurological Disorders and Stroke (NINDS); and
other government agencies to derive the annual statistics in
this Update. This chapter describes the most important
sources and the types of data we use from them. For more
details, see Chapter 22 of this document, the Glossary.


The surveys used are:


● Behavioral Risk Factor Surveillance Survey (BRFSS)—
ongoing telephone health survey system


● Greater Cincinnati/Northern Kentucky Stroke Study
(GCNKSS)—stroke incidence rates and outcomes within
a biracial population


● Medical Expenditure Panel Survey (MEPS)—data on spe-
cific health services that Americans use, how frequently
they use them, the cost of these services, and how the costs
are paid


● National Health and Nutrition Examination Survey
(NHANES)—disease and risk factor prevalence and nutri-
tion statistics


● National Health Interview Survey (NHIS)—disease and
risk factor prevalence


● National Hospital Discharge Survey (NHDS)—hospital
inpatient discharges and procedures (discharged alive,
dead, or status unknown)


● National Ambulatory Medical Care Survey (NAMCS)—
physician office visits


● National Hospital Ambulatory Medical Care Survey
(NHAMCS)—hospital outpatient and emergency depart-
ment visits


● National Inpatient Sample (NIS) of the Agency for Health-
care Research and Quality (AHRQ)—hospital inpatient
discharges, procedures, and charges


● National Nursing Home Survey (NNHS)—nursing home
residents


● National Vital Statistics—national and state mortality data
● World Health Organization (WHO)—mortality rates by


country
● Youth Risk Behavior Surveillance (YRBS) (CDC)—trends


for 6 categories of priority health-risk behaviors in youth
and young adults


Disease Prevalence
Prevalence is an estimate of how many people have a disease
at a given point or period in time. The NCHS conducts health
examination and health interview surveys that provide esti-
mates of the prevalence of diseases and risk factors. In this
Update, the health interview part of the NHANES is used for
the prevalence of cardiovascular diseases (CVDs). NHANES
is used more than the NHIS because in NHANES, angina
pectoris (AP) is based on the Rose Questionnaire; estimates are
made regularly for heart failure (HF); hypertension is based on
blood pressure (BP) measurements and interviews; and an
estimate can be made for total CVD, including myocardial
infarction (MI), AP, HF, stroke, and hypertension.


A major emphasis of this Update is to present the latest
estimates of the number of persons in the United States who
have specific conditions to provide a realistic estimate of
burden. Most estimates based on NHANES prevalence rates
are based on data collected from 2003 to 2006 (in most cases,
these are the latest published figures). These are applied to
census population estimates for 2006. Differences in popula-
tion estimates based on extrapolations of rates beyond the
data collection period by use of more recent census popula-
tion estimates cannot be used to evaluate possible trends in
prevalence. Trends can only be evaluated by comparing
prevalence rates estimated from surveys conducted in differ-
ent years.


Risk Factor Prevalence
The NHANES 2003 to 2006 data are used in this Update to
present estimates of the percentage of persons with high lipid
values, diabetes, overweight, and obesity. The NHIS is used
for the prevalence of cigarette smoking and physical inactiv-
ity. Data for students in grades 9 through 12 are obtained
from the YRBS.


Abbreviations Used in Chapter 1


AHA American Heart Association


AHRQ Agency for Healthcare Research and Quality


AP angina pectoris


ARIC Atherosclerosis Risk in Communities study


BP blood pressure


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHS Cardiovascular Health Study


CVD cardiovascular disease


ED emergency department


FHS Framingham Heart Study


GCNKSS Greater Cincinnati/Northern Kentucky Stroke Study


HF heart failure


ICD International Classification of Diseases


ICD-9-CM International Classification of Diseases, Clinical Modification,
9th Revision


MEPS Medical Expenditure Panel Survey


MI myocardial infarction


NAMCS National Ambulatory Medical Care Survey


NCHS National Center for Health Statistics


NHAMCS National Hospital Ambulatory Medical Care Survey


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


NINDS National Institute of Neurological Disorders and Stroke


NIS National Inpatient Sample


NNHS National Nursing Home Survey


OPD outpatient department


WHO World Health Organization


YRBS Youth Risk Behavior Surveillance


See Glossary (Chapter 22) for explanation of terms.
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Incidence and Recurrent Attacks
An incidence rate refers to the number of new cases of a
disease that develop in a population per unit of time. The unit
of time for incidence is not necessarily 1 year, although we
often discuss incidence in terms of 1 year. For some statistics,
new and recurrent attacks or cases are combined. Our national
incidence estimates for the various types of CVD are extrap-
olations to the US population from the Framingham Heart
Study (FHS), the Atherosclerosis Risk in Communities
(ARIC) study, and the Cardiovascular Health Study (CHS),
all conducted by the NHLBI, as well as the GCNKSS, which
is funded by the NINDS. The rates change only when new
data are available; they are not computed annually. Do not
compare the incidence or the rates with those in past editions
of the Heart Disease and Stroke Statistics Update (also known
as the Heart and Stroke “Statistical” Update for editions
before 2005). Doing so can lead to serious misinterpretation
of time trends.


Mortality
Mortality data are presented according to the underlying
cause of death. “Any-mention” mortality means that the
condition was nominally selected as the underlying cause or
was otherwise mentioned on the death certificate. For many
deaths classified as attributable to CVD, selection of the
single most likely underlying cause can be difficult when
several major comorbidities are present, as is often the case in
the elderly population. It is useful, therefore, to know the
extent of mortality due to a given cause regardless of whether
it is the underlying cause or a contributing cause—ie, its
“any-mention” status. The number of deaths in 2006 with any
mention of specific causes of death was tabulated by the
NHLBI from the NCHS public-use electronic files on
mortality.


The first set of statistics for each disease in this Update
includes the number of deaths for which the disease is the
underlying cause. Two exceptions are Chapter 7 (Hyperten-
sion) and Chapter 9 (Heart Failure). Hypertension increases
the mortality risks of CVD and other diseases, and HF is
selected as an underlying cause only when the true underlying
cause is not known. In this Update, hypertension and HF
death rates are presented in 2 ways: (1) As nominally
classified as the underlying cause and (2) as any-mention
mortality.


National and state mortality data presented according to the
underlying cause of death were computed from the Data
Warehouse mortality tables of the NCHS World Wide Web
site, the Health Data Interactive data system of the NCHS, or
the CDC compressed file. Any-mention numbers of deaths
were tabulated from the electronic mortality files of the
NCHS World Wide Web site and from Health Data
Interactive.


Population Estimates
In this publication, we have used national population esti-
mates from the US Census Bureau for 2006 in the computa-
tion of morbidity data. NCHS population estimates for 2006
were used in the computation of death rate data. The Census


Bureau World Wide Web site1 contains these data, as well as
information on the file layout.


Hospital Discharges and Ambulatory
Care Visits
Estimates of the numbers of hospital discharges and numbers
of procedures performed are for inpatients discharged from
short-stay hospitals. Discharges include those discharged
alive, dead, or with unknown status. Unless otherwise spec-
ified, discharges are listed according to the first-listed (pri-
mary) diagnosis, and procedures are listed according to all
listed procedures (primary plus secondary). These estimates
are from the NHDS of the NCHS unless otherwise noted.
Ambulatory care visit data include patient visits to physician
offices and hospital outpatient departments (OPDs) and
emergency departments (EDs). Ambulatory care visit data
reflect the first-listed (primary) diagnosis. These estimates are
from NAMCS and NHAMCS of the NCHS.


International Classification of Diseases
Morbidity (illness) and mortality (death) data in the United
States have a standard classification system: the International
Classification of Diseases (ICD). Approximately every 10 to
20 years, the ICD codes are revised to reflect changes over
time in medical technology, diagnosis, or terminology. Where
necessary for comparability of mortality trends across the 9th
and 10th ICD revisions, comparability ratios computed by the
NCHS are applied as noted.2 Effective with mortality data for
1999, we are using the 10th revision (ICD-10). It will be a
few more years before the 10th revision is used for hospital
discharge data and ambulatory care visit data, which are
based on the International Classification of Diseases, Clini-
cal Modification, 9th Revision (ICD-9-CM).3


Age Adjustment
Prevalence and mortality estimates for the United States or
individual states comparing demographic groups or estimates
over time either are age specific or are age adjusted to the
2000 standard population by the direct method.4 International
mortality data are age adjusted to the European standard.5


Unless otherwise stated, all death rates in this publication are
age adjusted and are deaths per 100 000 population.


Data Years for National Estimates
In this Update, we estimate the annual number of new
(incidence) and recurrent cases of a disease in the United
States by extrapolating to the US population in 2006 from
rates reported in a community- or hospital-based study or
multiple studies. Age-adjusted incidence rates by sex and race
are also given in this report as observed in the study or
studies. For US mortality, most numbers and rates are for
2006. For disease and risk factor prevalence, most rates in
this report are calculated from the 2003 to 2006 NHANES.
Rates by age and sex are also applied to the US population in
2006 to estimate the numbers of persons with the disease or
risk factor in that year. Because NHANES is conducted only
in the noninstitutionalized population, we extrapolated the
rates to the total US population in 2006, recognizing that this
probably underestimates the total prevalence, given the rela-
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tively high prevalence in the institutionalized population. The
numbers and rates of hospital inpatient discharges for the
United States are for 2006. Numbers of visits to physician
offices, hospital EDs, and hospital OPDs are for 2007. Except
as noted, economic cost estimates are projected to 2010.


Cardiovascular Disease
For data on hospitalizations, physician office visits, and
mortality, CVD is defined according to ICD codes given in
Chapter 22 of the present document. This definition includes
all diseases of the circulatory system, as well as congenital
CVD. Unless so specified, an estimate for total CVD does not
include congenital CVD.


Race
Data published by governmental agencies for some racial
groups are considered unreliable because of the small sample
size in the studies. Because we try to provide data for as many
racial groups as possible, we show these data for informa-
tional and comparative purposes.


Contacts
If you have questions about statistics or any points made in
this Update, please contact the Biostatistics Program Coordi-


nator at the American Heart Association National Center
(e-mail nancy.haase@heart.org, phone 214-706-1423). Direct
all media inquiries to News Media Relations at inquiries@
heart.org or 214-706-1173.


We do our utmost to ensure that this Update is error free. If we
discover errors after publication, we will provide corrections at
our World Wide Web site, http://www.americanheart.org/
statistics, and in the journal Circulation.
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2. Cardiovascular Diseases


ICD-9 390–459, 745–747, ICD-10 I00–I99, Q20–Q28; see
Glossary (Chapter 22) for details and definitions. See Tables
2-1 through 2-5 and Charts 2-1 through 2-21.


Prevalence
An estimated 81 100 000 American adults (more than 1 in 3)
have 1 or more types of CVD. Of these, 38 100 000 are
estimated to be �60 years of age. Total CVD includes
diseases listed in the bullet points below, except for congen-
ital CVD. Because of overlap, it is not possible to add these
conditions to arrive at a total.


● High BP (HBP)—74 500 000 (defined as systolic pressure
�140 mm Hg and/or diastolic pressure �90 mm Hg, use of
antihypertensive medication, or being told at least twice by
a physician or other health professional that one has HBP).


● Coronary heart disease (CHD)—17 600 000.


— MI (heart attack)—8 500 000.
— AP (chest pain)—10 200 000.


● Heart failure (HF)—5 800 000.
● Stroke—6 400 000.
● Congenital cardiovascular defects—650 000 to 1 300 000


(see Chapter 7).


The following age-adjusted prevalence estimates from the
NHIS, NCHS are for diagnosed conditions for people �18
years of age in 20081:


● Among whites only, 12.1% have heart disease (HD), 6.5%
have CHD, 23.3% have hypertension, and 2.7% have had a
stroke.


● Among blacks or African Americans, 10.2% have HD,
5.6% have CHD, 31.8% have hypertension, and 3.6% have
had a stroke.


● Among Hispanics or Latinos, 8.1% have HD, 5.7% have
CHD, 21.0% have hypertension, and 2.6% have had a
stroke.


● Among Asians, 5.2% have HD, 2.9% have CHD, 21.0%
have hypertension, and 1.8% have had a stroke.


● Among American Indians or Alaska Natives, 12.1% have
HD, 6.6%* have CHD, 25.3% have hypertension, and
3.9% have had a stroke.*


● Among Native Hawaiians or other Pacific Islanders, HD,
CHD, and stroke numbers are not reported because of large
relative standard errors; 19.7%* have hypertension.


● Asian Indian adults (9%) are approximately 2-fold more
likely than Korean adults (4%) to have ever been told they
have HD.2


Incidence


● On the basis of the NHLBI’s FHS original and offspring
cohort data from 1980 to 20033:


— The average annual rates of first cardiovascular (CVD)
events rise from 3 per 1000 men at 35 to 44 years of age
to 74 per 1000 men at 85 to 94 years of age. For
women, comparable rates occur 10 years later in life.
The gap narrows with advancing age.


— Before 75 years of age, a higher proportion of CVD events
due to CHD occur in men than in women, and a higher


*Figure considered unreliable.


Abbreviations Used in Chapter 2


AED automated external defibrillator


AHA American Heart Association


AHRQ Agency for Healthcare Research and Quality


AIDS acquired immune deficiency syndrome


AP angina pectoris


ARIC Atherosclerosis Risk in Communities study


BMI body mass index


BP blood pressure


BRFSS Behavioral Risk Factor Surveillance System


CABG Cardiac revascularization (coronary artery bypass graft)


CARDIA Coronary Artery Risk Development in Young Adults


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHF congestive heart failure


CHS Cardiovascular Health Study


CLRD chronic lower respiratory disease


CPR cardiopulmonary resuscitation


CVD cardiovascular disease


DM diabetes mellitus


ED emergency department


EMS emergency medical services


FHS Framingham Heart Study


HBP high blood pressure


HD heart disease


HF heart failure


HIV human immunodeficiency virus


ICD-9 International Classification of Diseases, 9th Revision


ICD-10 International Classification of Diseases, 10th Revision


LDL low-density lipoprotein


MEPS Medical Expenditure Panel Survey


MESA Multi-Ethnic Study of Atherosclerosis


MI myocardial infarction


MRFIT Multiple Risk Factor Intervention Trial


NAMCS National Ambulatory Medical Care Survey


NCHS National Center for Health Statistics


NHAMCS National Hospital Ambulatory Medical Care Survey


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHES National Health Examination Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


NIS National Inpatient Sample


NNHS National Nursing Home Survey


OPD outpatient department


PA physical activity


RR relative risk


VF ventricular fibrillation
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proportion of events due to stroke occur in women than in
men.


● Among American Indian men 45 to 74 years of age, the
incidence of CVD ranges from 15 to 28 per 1000 popula-
tion. Among women, it ranges from 9 to 15 per 1000.4


● Data from the FHS indicate that the lifetime risk for all
CVD in recipients free of disease is 2 in 3 for men and
more than 1 in 2 for women at 40 years of age (personal
communication, Donald Lloyd-Jones, MD, Northwestern
University, Chicago, Ill) (see Table 2-4).


● Analysis of FHS data among participants free of CVD at 50
years of age showed the lifetime risk for developing CVD
was 51.7% for men and 39.2% for women. Median overall
survival was 30 years for men and 36 years for women.5


Mortality
ICD-10 I00–I99, Q20–Q28 for CVD (CVD mortality in-
cludes congenital cardiovascular defects); C00–C97 for
cancer; C33–C34 for lung cancer; C50 for breast cancer;
J40–J47 for chronic lower respiratory disease (CLRD); G30
for Alzheimer’s disease; E10–E14 for diabetes; and V01–
X59, Y85–Y86 for accidents.


● Mortality data show that CVD (I00–I99, Q20–Q28) as the
underlying cause of death (including congenital cardiovas-
cular defects) accounted for 34.3% (831 272) of all
2 426 264 deaths in 2006, or 1 of every 2.9 deaths in the
United States. CVD any-mentions (1 347 000 deaths in
2006) constituted approximately 56% of all deaths that
year (NHLBI; NCHS public-use data files).6 Preliminary
2007 mortality (I00–I99) was 807 485. The preliminary
death rate was 250.4 (NCHS).7 In every year since 1900
except 1918, CVD accounted for more deaths than any
other major cause of death in the United States.6–11


● Nearly 2300 Americans die of CVD each day, an average
of 1 death every 38 seconds. CVD claims more lives each
year than cancer, CLRD, and accidents combined.6


● The 2006 overall death rate due to CVD (I00 –I99) was
262.5. The rates were 306.6 for white males, 422.8 for
black males, 215.5 for white females, and 298.2 for
black females. From 1996 to 2006, death rates due to
CVD (ICD-10 I00 –I99) declined 29.2%. In the same
10-year period, the actual number of CVD deaths per
year declined 12.9%.6 (Appropriate comparability ratios
were applied.)


● Among other causes of death in 2006, cancer caused
559 888 deaths; accidents, 121 599; Alzheimer’s disease,
72 432; and HIV (human immunodeficiency virus)/AIDS
(acquired immune deficiency syndrome), 12 113.6


● The 2006 CVD (I00–I99) death rates were 313.3 for males
and 221.6 for females. Death rates for cancer (malignant
neoplasms) were 220.1 for males and 153.6 for females.
Breast cancer claimed the lives of 40 821 females in 2006;
lung cancer claimed 69 385. Death rates for females were
23.5 for breast cancer and 40.0 for lung cancer. One in 30
female deaths was due to breast cancer, whereas 1 in 6 was
due to CHD. For comparison, 1 in 4.5 females died of
cancer, whereas 1 in 2.8 died of CVD (I00–I99, Q20–


Q28). On the basis of 2006 mortality data, CVD caused
approximately 1 death per minute among females, or
432 709 female deaths in 2006. That represents more
female lives than were claimed by cancer, CLRD, Alzhei-
mer’s disease, and accidents combined.6


● More than 151 000 Americans died of CVD (I00–I99) in
2006 who were �65 years of age, and nearly 33% of deaths
due to CVD occurred before the age of 75 years, which is
well before the average life expectancy of 77.7 years.6


● In 2006, death rates for diseases of the heart in American
Indians or Alaska Natives were 170.2 for males and 113.2
for females; for Asians or Pacific Islanders, they were
136.3 for males and 87.3 for females; and for Hispanics or
Latinos, they were 175.2 for males and 118.9 for females.11


● According to the NCHS, if all forms of major CVD were
eliminated, life expectancy would rise by almost 7 years. If
all forms of cancer were eliminated, the estimated gain
would be 3 years. According to the same study, the
probability at birth of eventually dying of major CVD
(I00–I78) is 47%, and the chance of dying of cancer is
22%. Additional probabilities are 3% for accidents, 2% for
diabetes mellitus (DM), and 0.7% for HIV.12


● In 2006, the leading causes of death in women �65 years
of age were diseases of the heart (No. 1), cancer (No. 2),
stroke (No. 3), and CLRD (No. 4). In older men, they were
diseases of the heart (No. 1), cancer (No. 2), CLRD (No. 3),
and stroke (No. 4).6,13


● A recent study of the decrease in US deaths due to CHD
from 1980 to 2000 suggests that approximately 47% of the
decrease was attributable to evidence-based medical ther-
apies and 44% to changes in risk factors in the population
due to lifestyle and environmental changes.14


● Analysis of data from NCHS was used to determine the
number of disease-specific deaths attributable to all non-
optimal levels of each risk factor exposure, by age and sex.
In 2005, tobacco smoking and high BP were responsible
for an estimated 467 000 deaths, accounting for approxi-
mately 1 in 5 or 6 deaths among US adults. Overweight/
obesity and physical inactivity were each responsible for
nearly 1 in 10 deaths. High dietary salt, low dietary
omega-3 fatty acids, and high dietary trans fatty acids were
the dietary risks with the largest mortality effects.15


Aftermath


● Among an estimated 45 million people with functional
disabilities in the United States, HD, stroke, and hyperten-
sion are among the 15 leading conditions that caused those
disabilities. Disabilities were defined as difficulty with
activities of daily living or instrumental activities of daily
living, specific functional limitations (except vision, hear-
ing, or speech), and limitation in ability to do housework or
work at a job or business.16


Out-of-Hospital Cardiac Arrest
There is a wide variation in the reported incidence of and
outcome for out-of-hospital cardiac arrest. These differences
are due in part to differences in definition and ascertainment
of cardiac arrest data, as well as differences in treatment after
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the onset of cardiac arrest. Cardiac arrest is defined as
cessation of cardiac mechanical activity and is confirmed by
the absence of signs of circulation.17


● Extrapolation of the mortality rate observed in the Resus-
citation Outcomes Consortium to the total population of the
United States suggests that each year, there are 295 000
(quasi confidence intervals 236 000 to 325 000) emergency
medical services (EMS)–assessed out-of-hospital cardiac
arrests in the United States.18


● Approximately 60% of out-of-hospital cardiac deaths are
treated by EMS personnel.19


● Only 33% of those with EMS-treated out-of-hospital car-
diac arrest have symptoms within 1 hour of death.20


● Among EMS-treated out-of-hospital cardiac arrests, 23%
have an initial rhythm of ventricular fibrillation (VF),
ventricular tachycardia, or shockable by automated exter-
nal defibrillator (AED); 31% receive bystander cardiopul-
monary resuscitation (CPR).18


● The incidence of cardiac arrest with an initial rhythm of VF
is decreasing over time; however, the incidence of cardiac
arrest with any initial rhythm is not decreasing.21


● The incidence of lay-responder defibrillation is low (2.05%
in 2002) but is increasing over time.22


● If bystander CPR is not provided, a sudden cardiac arrest
victim’s chances of survival fall 7% to 10% for every
minute of delay until defibrillation.23–27


● The median survival rate to hospital discharge after EMS-
treated out-of-hospital cardiac arrest with any first recorded
rhythm is 7.9%.18


● The median survival rate after VF is 21%.18


● Extrapolation of data from ARIC, CHS, and Framingham
suggests that there are 138 000 CHD deaths within 1 hour
of symptom onset (Thomas Thom, NHLBI, written com-
munication, May 20, 2008).


● A study conducted in New York City found the age-
adjusted incidence of out-of-hospital cardiac arrest per
10 000 adults was 10.1 among blacks, 6.5 among Hispan-
ics, and 5.8 among whites. The age-adjusted survival to 30
days after discharge was more than twice as poor for blacks
as for whites, and survival among Hispanics was also lower
than among whites.30


Out-of-Hospital Cardiac Arrest: Children


● The reported incidence of out-of-hospital pediatric cardiac
arrest varies widely (approximately 8 per 100 000).31


● There are more than 72 million individuals �18 years of age
in the United States32; this implies that there are about 5760
pediatric out-of-hospital cardiac arrests annually of all causes
(including trauma, sudden infant death syndrome, respiratory
causes, cardiovascular causes, and submersion).


● Thirty-five percent of EMS-treated pediatric cardiac arrest
patients had an initial rhythm of VF, ventricular tachycardia,
or shockable by AED; 35% received bystander CPR.31


● Studies that document voluntary reports of deaths among
high school athletes suggest that the incidence of out-of-
hospital cardiac arrest ranges from 0.28 to 1.0 deaths per
100 000 high school athletes annually nationwide.33,34 Al-


though incomplete, these numbers provide a basis for
estimating the number of deaths in this age range.


● One report describes the incidence of nontraumatic pedi-
atric cardiac arrest (among students 3 to 18 years of age)
that occurs in schools and estimates rates (per 100 000
person-school-years) for elementary, middle, and high
schools to be 0.18, 0.19, and 0.15, respectively, for the
geographic area (King County, Washington) and time
frame (January 1, 1990, to December 31, 2005) studied.35


● The reported average rate of survival to hospital discharge
after pediatric out-of-hospital cardiac arrest is 6%.


● Most sudden deaths in athletes were due to CVD (56%). Of
the cardiovascular deaths that occurred, 29% occurred in
blacks, 54% in high school students, and 82% with phys-
ical exertion during competition/training, and only 11%
occurred in females, although this increased over time.36


In-Hospital Cardiac Arrest


● A total of 292 facilities reported 20 913 events to the
National Registry for Cardiopulmonary Resuscitation from
August 1, 2007, to July 31, 2008.


— The rates of survival to discharge after in-hospital cardiac
arrest were 35% among children and 19% among adults.
Of these, 95% were monitored or witnessed.


— Eighteen percent had VF or pulseless ventricular
tachycardia as the first recorded rhythm. Of these, 78%
received a defibrillation attempt within 3 minutes.


● Patients who experience cardiac arrest during the weekday
have an absolute 5.6% greater survival than those who
experience cardiac arrest during the night or on weekends.


Awareness of CPR


● Seventy-nine percent of the lay public are confident that they
know what actions to take in a medical emergency; 98%
recognize an AED as something that administers an electrical
shock to restore a normal heart beat among victims of sudden
cardiac arrest; and 60% are familiar with CPR (Harris Inter-
active survey conducted on behalf of the AHA among 1132
US residents 18 years of age and older, January 8, 2008,
through January 21, 2008).


Awareness of Warning Signs and Risk Factors
for CVD


● Surveys conducted by the AHA in 1997, 2000, 2003, and
2006 to evaluate trends in women’s awareness, knowledge,
and perceptions related to CVD found that in 2006, awareness
of HD as the leading cause of death among women was 57%,
significantly higher than in prior surveys. Awareness was
lower among black and Hispanic women than among white
women, and the racial/ethnic difference has not changed
appreciably over time. In 2006, more than twice as many
women felt uninformed about stroke compared with HD.
Hispanic women were more likely than white women to
report that there is nothing they can do to keep themselves
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from getting CVD. The majority of respondents reported
confusion related to basic CVD prevention strategies.38


● A nationally representative sample of women responded to a
questionnaire about history of CVD risk factors, self-reported
actions taken to reduce risk, and barriers to heart health.
According to the study, published in 2006, the rate of
awareness of CVD as the leading cause of death had nearly
doubled since 1997, was significantly greater for whites than
for blacks and Hispanics, and was independently correlated
with increased physical activity (PA) and weight loss in the
previous year. Fewer than half of the respondents were aware
of healthy levels of risk factors. Awareness that their personal
level was not healthy was positively associated with preven-
tive action. Most women took steps to lower risk in family
members and themselves.39


● A total of 875 students in 4 Michigan high schools were given
a survey to obtain data on the perception of risk factors and
other knowledge-based assessment questions about CVD.
Accidents were rated as the greatest perceived lifetime health
risk (39%). Nearly 17% selected CVD as the greatest lifetime
risk, which made it the third most popular choice after
accidents and cancer. When asked to identify the greatest
cause of death for each sex, 42% correctly recognized CVD
for men, and 14% correctly recognized CVD for women; 40%
incorrectly chose abuse/use behavior with a substance other
than cigarettes as the most important CVD risk behavior.40


Risk Factors


● Data from the 2003 CDC BRFSS survey of adults �18
years of age showed the prevalence of respondents who
reported having �2 risk factors for HD and stroke was
successively higher at higher age groups. The prevalence of
having �2 risk factors was highest among blacks (48.7%)
and American Indians/Alaska Natives (46.7%) and lowest
among Asians (25.9%); prevalence was similar in women
(36.4%) and men (37.8%). The prevalence of multiple risk
factors ranged from 25.9% among college graduates to
52.5% among those with less than a high school diploma
(or its equivalent). Persons reporting household income of
�$50 000 had the lowest prevalence (28.8%), and those
reporting household income of �$10 000 had the highest
prevalence (52.5%). Adults who reported being unable to
work had the highest prevalence (69.3%) of �2 risk factors,
followed by retired persons (45.1%), unemployed adults
(43.4%), homemakers (34.3%), and employed persons (34.0%).
Prevalence of �2 risk factors varied by state/territory and ranged
from 27.0% (Hawaii) to 46.2% (Kentucky). Twelve states and 2
territories had a multiple-risk-factor prevalence of �40%: Ala-
bama, Arkansas, Georgia, Indiana, Kentucky, Louisiana, Missis-
sippi, North Carolina, Ohio, Oklahoma, Tennessee, West Vir-
ginia, Guam, and Puerto Rico.41


● Data from the Chicago Heart Association Detection Project
(1967 to 1973, with an average follow-up of 31 years)
showed that in younger women (18 to 39 years of age) with
favorable levels for all 5 major risk factors (BP, serum
cholesterol, body mass index [BMI], DM, and smoking),
future incidence of CHD and CVD is rare, and long-term
and all-cause mortality are much lower than for those who


have unfavorable or elevated risk factor levels at young
ages. Similar findings applied to men in this study.42,43


● Analysis of several data sets by the CDC showed that in
adults �18 years of age, disparities were common in all
risk factors examined. In men, the highest prevalence of
obesity (29.7%) was found in Mexican Americans who had
completed a high school education. Black women with or
without a high school education had a high prevalence of
obesity (48.4%). Hypertension prevalence was high among
blacks (41.2%) regardless of sex or educational status.
Hypercholesterolemia was high among white and Mexican
American men and white women regardless of educational
status. CHD and stroke were inversely related to education,
income, and poverty status. Hospitalization for total HD
and acute MI was greater among men, but hospitalization
for congestive heart failure (CHF) and stroke was greater
among women. Among Medicare enrollees, CHF hospital-
ization was higher in blacks, Hispanics, and American
Indians/Alaska Natives than among whites, and stroke
hospitalization was highest in blacks. Hospitalizations for
CHF and stroke were highest in the southeastern United
States. Life expectancy remains higher in women than in
men and in whites than in blacks by approximately 5 years.
CVD mortality at all ages tended to be highest in blacks.44


● In respondents 18 to 74 years of age, data from the 2000
BRFSS (CDC) showed the prevalence of healthy lifestyle
characteristics was as follows: No smoking, 76.0%; healthy
weight, 40.1%; consumption of 5 fruits and vegetables per
day, 23.3%; and regular PA, 22.2%. The overall prevalence of
the healthy lifestyle indicators (ie, having all 4 healthy
lifestyle characteristics) was only 3%, with little variation
among subgroups.45


● Analysis of 5 cross-sectional, nationally representative sur-
veys from the National Health Examination Survey (NHES)
1960 to 1962 to the NHANES 1999 to 2000 showed that the
prevalence of key risk factors (ie, high cholesterol, HBP,
current smoking, and total diabetes) decreased over time
across all BMI groups, with the greatest reductions observed
among overweight and obese groups. Total diabetes preva-
lence was stable within BMI groups over time; however, the
trend has leveled off or been reversed for some of the risk
factors in more recent years.46


● Analysis of �14 000 middle-aged subjects in the ARIC
study sponsored by the NHLBI showed that �90% of CVD
events in black subjects, compared with approximately
70% in white subjects, were explained by elevated or
borderline risk factors. Furthermore, the prevalence of
participants with elevated risk factors was higher in black
subjects; after accounting for education and risk factors, the
incidence of CVD was identical in black and white sub-
jects. Thus, the observed higher CVD incidence rate in
black subjects appears to be largely attributable to a greater
prevalence of elevated risk factors. The primary prevention
of elevated risk factors might largely eliminate the inci-
dence of CVD, and these beneficial effects would be
applicable not only for white but also for black subjects.47


● Data from the MEPS 2004 Full-Year Data File showed that
nearly 26 million US adults �18 years of age were told by a
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doctor that they had HD, stroke, or any other heart-related
disease48:


— 56.6% of those surveyed said they engaged in
moderate-to-vigorous PA 3 times per week; 57.9% of
those surveyed who had not been told they had HD
engaged in regular PA, more than those who had been
told they had HD (46.3%).


— 38.6% maintained a healthy weight. Among those told
that they had HD, 33.9% had a healthy weight compared
with 39.3% who had never been told they had HD.


— 78.8% did not currently smoke. Among those ever told
that they had indicators of HD, 18.3% continued to smoke.


— More than 93% engaged in at least 1 recommended
behavior for prevention of HD: 75.5% engaged in 1 or
2; 18% engaged in all 3; and 6.5% did not engage in
any of the recommended behaviors.


— Age-based variations:


E Moderate to vigorous PA �3 times per week varied
according to age. Younger people (18 to 44 years of
age) were more likely (59.9%) than those who were
older (45 to 64 and �65 years of age, 55.3% and
48.5%, respectively) to engage in regular PA.


E A greater percentage of those 18 to 44 years of age
had a healthy weight (43.7%) than did those 45 to 64
years of age and �65 years of age (31.4% and 37.3%,
respectively).


E Persons �65 years of age were more likely to be current
nonsmokers (89.7%) than were people 18 to 44 years of
age and 45 to 64 years of age (76.1% and 77.7%,
respectively).


— Race/ethnicity-based variations:


E Non-Hispanic whites were more likely than Hispan-
ics or non-Hispanic blacks to engage in moderate-to-
vigorous PA (58.5% versus 51.4% and 52.5%,
respectively).


E Non-Hispanic whites were more likely to have main-
tained a healthy weight than were Hispanics or
non-Hispanic blacks (39.8% versus 32.1% and
29.7%, respectively).


E Hispanics were more likely to be nonsmokers
(84.2%) than were non-Hispanic whites and non-
Hispanic blacks (77.8% and 76.3%, respectively).


— Sex-based variations:


E Men were more likely to have engaged in moderate-
to-vigorous PA �3 times per week than women
(60.3% versus 53.1%, respectively).


E Women were more likely than men to have maintained
a healthy weight (45.1% versus 31.7%, respectively).


E 81.7% of women did not currently smoke, compared
with 75.7% of men.


— Variations based on education level:


E A greater percentage of adults with at least some
college education engaged in moderate-to-vigorous


PA �3 times per week (60.8%) than did those with a
high school education or less than a high school
education (55.3% and 48.3%, respectively).


E A greater percentage of adults with at least some
college education had a healthy weight (41.2%) than
did those with a high school or less than high school
education (36.2% and 36.1%, respectively).


E There was a greater percentage of nonsmokers
among those with a college education (85.5%) than
among those with a high school or less than high
school education (73.8% and 69.9%, respectively).


● Participants (18 to 64 years of age at baseline) in the
Chicago Heart Association Detection Project in Industry
without a history of MI were investigated to determine
whether traditional CVD risk factors were similarly asso-
ciated with CVD mortality in black and white men and
women. In general, the magnitude and direction of associ-
ations were similar by race. Most traditional risk factors
demonstrated similar associations with mortality in black
and white adults of the same sex. Small differences were
primarily in the strength, not the direction, of association.49


● A study of nearly 1500 participants in the Multi-Ethnic Study
of Atherosclerosis (MESA) found that Hispanics with hyper-
tension, hypercholesterolemia, and/or diabetes who speak
Spanish at home and/or have spent less than half a year in the
United States have higher systolic BP, low-density lipoprotein
(LDL) cholesterol, and fasting blood glucose, respectively,
than Hispanics who speak English and who have lived a
longer period of time in the United States.50


Family History of Premature-Onset CVD


● There is consistent evidence from multiple large-scale
prospective epidemiology studies for a strong and signifi-
cant association of a reported family history of premature
parental CHD with incident MI or CHD in offspring. In the
FHS, the occurrence of a validated premature atheroscle-
rotic CVD event in either a parent51 or a sibling52 was
associated with an approximately 2-fold elevated risk for
CVD, independent of other traditional risk factors.


● Addition of family history of premature CVD to a model
that contained traditional risk factors provided modestly
improved prognostic value in the FHS.51 Family history of
premature MI is also an independent risk factor in other
multivariable risk models that contain traditional risk
factors in large cohorts of women53 and men.54


● Parental history of premature CHD is associated with
increased burden of atherosclerosis in the coronary arteries
and the abdominal aorta.55,56


● In the FHS, a parental history of validated HF is associated
with a 1.7-fold higher risk of HF in offspring, after
multivariable adjustment.57


● A family history of early-onset sudden cardiac death in a
first-degree relative is associated with a �2-fold higher risk
for sudden cardiac death in offspring on the basis of
available case-control studies.58


● A recent survey of persons in the United States indicated
that most respondents believe that knowing their family
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history is important for their own health, but few are aware
of the specific health information from relatives necessary
to develop a family history.59


● An accurate and complete family history may identify rare
mendelian conditions such as hypertrophic cardiomyopa-
thy, long-QT syndrome, or familial hypercholesterolemia.
However, in most persons with a family history of a CVD
event, a known rare mendelian condition is not identified.


● Studies are under way to determine genetic variants that
may help identify persons at increased risk of CVD.


Impact of Healthy Lifestyle and Low Risk
Factor Levels
Much of the literature on CVD has focused on factors
associated with increasing risk for CVD and on factors
associated with poorer outcomes in the presence of CVD;
however, in recent years, a number of studies have defined
the beneficial effects of healthy lifestyle factors and lower
CVD risk factor burden on CVD outcomes and longevity.
These studies suggest that prevention of risk factor develop-
ment at younger ages may be the key to “successful aging,”
and they highlight the need for intensive prevention efforts at
younger and middle ages once risk factors develop to im-
prove healthy longevity.


● The lifetime risk for CVD and median survival were highly
associated with risk factor burden at 50 years of age among
�7900 men and women from the FHS followed up for
111 000 person-years. In this study, optimal risk factor
burden at 50 years of age was defined as BP �120/
80 mm Hg, total cholesterol �180 mg/dL, absence of
diabetes, and absence of smoking. Elevated risk factors
were defined as stage 1 hypertension or borderline high
cholesterol (200 to 239 mg/dL). Major risk factors were
defined as stage 2 hypertension, elevated cholesterol (�
240 mg/dL), current smoking, and diabetes. Remaining
lifetime risks for atherosclerotic CVD events were only
5.2% in men and 8.2% in women with optimal risk factors
at 50 years of age compared with 68.9% in men and 50.2%
in women with �2 major risk factors at age 50. In addition,
men and women with optimal risk factors had a median life
expectancy �10 years longer than those with �2 major
risk factors at age 50 years.5


● A recent study examined the association between low
lifetime predicted risk for CVD (ie, having all optimal or
near-optimal risk factor levels) and burden of subclinical
atherosclerosis in younger adults in the Coronary Artery
Risk Development in Young Adults (CARDIA) and MESA
studies of the NHLBI. Among participants �50 years of
age, nearly half had low and half had high predicted
lifetime risks for CVD. Those with low predicted lifetime
risk had lower prevalence and less severe amounts of
coronary calcification and less carotid intima-media thick-
ening, even at these younger ages, than those with high
predicted lifetime risk. During follow-up, those with low
predicted lifetime risk also had less progression of coronary
calcium.60


● In another study, FHS investigators followed up 2531 men
and women who were examined between the ages of


40 and 50 years and observed their overall rates of survival
and survival free of CVD to 85 years of age and beyond.
Low levels of the major risk factors in middle age predicted
overall survival and morbidity-free survival to 85 years of
age or more.61


— Overall, 35.7% survived to the age of 85 years, and
22% survived to that age free of major morbidities.


— Factors associated with survival to the age of 85 years
included female sex, lower systolic BP, lower total
cholesterol, better glucose tolerance, absence of current
smoking, and higher level of education attained. Fac-
tors associated with survival to the age of 85 years free
of MI, unstable angina, HF, stroke, dementia, and
cancer were nearly identical.


— When adverse levels of 4 of these factors were present
in middle age, fewer than 5% of men and approxi-
mately 15% of women survived to 85 years of age.


● A study of 366 000 men and women from the Multiple
Risk Factor Intervention Trial (MRFIT) and Chicago Heart
Association Detection Project in Industry defined low-risk
status as follows: Serum cholesterol level �200 mg/dL,
untreated BP �120/80 mm Hg, absence of current smok-
ing, absence of diabetes, and absence of major electrocar-
diographic abnormalities. Compared with those who did
not have low risk factor burden, those with low risk factor
burden had between 73% and 85% lower relative risk (RR)
for CVD mortality, 40% to 60% lower total mortality rates,
and 6 to 10 years’ longer life expectancy.43


● A study of 84 129 women enrolled in the Nurses’ Health
Study identified 5 healthy lifestyle factors, including ab-
sence of current smoking, drinking half a glass or more of
wine per day (or equivalent alcohol consumption), half an
hour or more per day of moderate or vigorous PA, BMI
�25 kg/m2, and dietary score in the top 40% (which
included diets with lower amounts of trans fats, lower
glycemic load, higher cereal fiber, higher marine omega-3
fatty acids, higher folate, and higher polyunsaturated to
saturated fat ratio). When 3 of the 5 healthy lifestyle factors
were present, the RR for CHD over a 14-year period was
reduced by 57%; when 4 were present, RR was reduced by
66%; and when all 5 factors were present, RR was reduced
by 83%.62


● In the Chicago Heart Association Detection Project in
Industry, remaining lifetime risks for CVD death were
noted to increase substantially and in a graded fashion
according to the number of risk factors present in middle
age (40 to 59 years of age). However, remaining lifetime
risks for non-CVD death also increased dramatically with
increasing CVD risk factor burden. These data help to
explain the markedly greater longevity experienced by
those who reach middle age free of major CVD risk
factors.63


● Among individuals 70 to 90 years of age, adherence to a
Mediterranean-style diet and greater PA are associated
with 65% to 73% lower rates of all-cause mortality, as well
as lower mortality rates due to CHD, CVD, and cancer.64
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● Seventeen-year mortality data from the NHANES II Mor-
tality Follow-Up Study indicated that the RR for fatal CHD
was 51% lower for men and 71% lower for women with
none of 3 major risk factors (hypertension, current smok-
ing, and elevated total cholesterol [� 240 mg/dL]) than for
those with 1 or more risk factors. Had all 3 major risk
factors not occurred, it is estimated that 64% of all CHD
deaths among women and 45% of CHD deaths in men
could have been avoided.65


● Investigators from the Chicago Heart Association Detec-
tion Project in Industry have also observed that risk factor
burden in middle age is associated with better quality of life
at follow-up in older age (�25 years later) and lower
average annual Medicare costs at older ages.


— The presence of a greater number of risk factors in middle
age is associated with lower scores at older ages on
assessment of social functioning, mental health, walking, and
health perception in women, with similar findings in men.66


— Similarly, the existence of a greater number of risk
factors in middle age is associated with higher average
annual CVD-related and total Medicare costs (once
Medicare eligibility is attained).67


— Data from NHANES 1999 to 2002 showed that about
one third of adults complied with 6 or more of the
recommended heart-healthy behaviors. Dietary recom-
mendations in general and daily fruit intake recommen-
dations in particular were least likely to be followed.68


Hospital Discharges, Ambulatory Care Visits, and
Nursing Home Residents


● From 1996 to 2006, the number of inpatient discharges
from short-stay hospitals with CVD as the first-listed
diagnosis increased from 6 107 000 to 6 161 000 (NCHS,
NHDS). In 2006, CVD ranked highest among all disease
categories in hospital discharges.69


● In 2007, there were 79 697 000 physician office visits with
a primary diagnosis of CVD (NCHS, NAMCS).70


● In 2007, there were 4 048 000 ED visits with a primary
diagnosis of CVD (NCHS, NHAMCS).71


● In 2007, there were 7 929 000 hospital OPD visits with a
primary diagnosis of CVD (NHAMCS).72 In 2005, approxi-
mately 1 of every 6 hospital stays, or almost 6 million,
resulted from CVD (AHRQ, NIS). The total inpatient hospital
cost for CVD was $71.2 billion, approximately one fourth of
the total cost of inpatient hospital care in the United States.
The average cost per hospitalization was approximately 41%
higher than the average cost for all stays. Hospital admissions
that originated in the ED accounted for 60.7% of all hospital
stays for CVD. This was 41% higher than the overall rate of
43.1%; 3.3% of patients admitted to the hospital for CVD died
in the hospital, which was significantly higher than the
average in-hospital death rate of 2.1%.73


● In 2004, coronary atherosclerosis was estimated to be
responsible for 1.2 million hospital stays and was the most
expensive condition treated. This condition resulted in
more than $44 billion in expenses. More than half of the
hospital stays for coronary atherosclerosis were among


patients who also received percutaneous coronary interven-
tion or cardiac revascularization (coronary artery bypass
graft [CABG]) during their stay. Acute MI resulted in $31
billion of inpatient hospital charges for 695 000 hospital
stays. The 1.1 million hospitalizations for CHF amounted
to nearly $29 billion in hospital charges.74


● In 2003, approximately 48.3% of inpatient hospital stays
for CVD were for women, who accounted for 42.8% of the
national cost ($187 billion) associated with these condi-
tions. Although only 40% of hospital stays for acute MI
and coronary atherosclerosis were for women, more than
half of all stays for nonspecific chest pain, CHF, and stroke
were for women. There was no difference between men
and women in hospitalizations for cardiac dysrhythmias.75


● Circulatory disorders were the most frequent reason for
admission to the hospital through the ED, accounting for
26.3% of all admissions through the ED. After pneumonia,
the most common heart-related conditions (in descending
order) were CHF, chest pain, hardening of the arteries, and
heart attack, which together accounted for �15% of all
admissions through the ED. Stroke and irregular heart beat
ranked seventh and eighth, respectively.76


● In 2004, nursing home residents had a primary diagnosis of
CVD at admission (23.7%) and at the time of interview
(25%). This was the leading primary diagnosis for these
residents (NCHS, NNHS).77


Operations and Procedures


● In 2006, an estimated 7 235 000 inpatient cardiovascular
operations and procedures were performed in the United
States; 4.1 million were performed on males, and 3.1 million
were performed on females (NHDS, NCHS, and NHLBI).


Cost


● The estimated direct and indirect cost of CVD for 2010 is
$503.2 billion.


● In 2006, $32.7 billion in program payments were made to
Medicare beneficiaries discharged from short-stay hospi-
tals with a principal diagnosis of CVD. That was an
average of $10 201 per discharge.78
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Table 2-1. Cardiovascular Disease


Population Group Prevalence, 2006 Age �20 y Mortality, 2006 All Ages* Hospital Discharges, 2006 All Ages Cost, 2010


Both sexes 81 100 000 (36.9%) 831 272 6 161 000 $503.2 Billion


Males 39 000 000 (37.9%) 398 563 (47.9%)† 3 121 000 . . .


Females 42 100 000 (35.7%) 432 709 (52.1%)† 3 040 000 . . .


NH white males 38.1% 340 594 . . . . . .


NH white females 34.4% 372 764 . . . . . .


NH black males 44.6% 47 956 . . . . . .


NH black females 46.9% 50 798 . . . . . .


Mexican American males 28.5% . . . . . . . . .


Mexican American females 34.5% . . . . . . . . .


Ellipses (. . .) indicate data not available; NH, non-Hispanic.
*Mortality data are for whites and blacks and include Hispanics.
†These percentages represent the portion of total CVD mortality that is attributable to males vs females.
Sources: Prevalence: NHANES 2003–2006, NCHS and NHLBI. Percentages for racial/ethnic groups are age-adjusted for Americans �20 years of age. Age-specific


percentages are extrapolated to the 2006 US population estimates. Mortality: NCHS. These data represent underlying cause of death only. Data include congenital
CVD mortality. Hospital discharges: NHDS, NCHS. Data include those inpatients discharged alive, dead, or of unknown status. Cost: NHLBI. Data include estimated
direct and indirect costs for 2010.
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Table 2-2. 2006 Age-Adjusted Death Rates for CVD, CHD, and Stroke by State (Includes District of Columbia and Puerto Rico)


CVD* CHD† Stroke‡


State Rank§ Death Rate
% Change�
1996–2006 Rank§ Death Rate


% Change�
1996–2006 Rank§ Death Rate


% Change�
1996–2006


Alabama 51 330.9 �17.2 25 121.7 �32.4 51 55.5 �18.8


Alaska 11 227.5 �28.5 4 87.4 �38.2 34 46.8 �31.9


Arizona 5 215.4 �28.9 24 120.8 �31.1 3 34.5 �39.6


Arkansas 48 311.0 �23.8 47 160.1 �22.0 52 58.8 �35.1


California 29 257.3 �27.8 34 139.0 �36.3 29 44.9 �32.3


Colorado 4 212.8 �29.2 6 96.3 �35.9 13 38.7 �35.2


Connecticut 18 232.3 �35.1 13 110.0 �42.3 8 36.5 �37.7


Delaware 27 255.4 �26.1 37 140.8 �31.4 18 41.8 �24.0


District of
Columbia


50 325.7 �19.1 52 193.5 7.0 10 37.6 �45.9


Florida 10 227.4 �30.1 28 129.2 �37.2 4 35.3 �33.3


Georgia 41 288.8 �28.2 12 108.7 �41.5 43 51.4 �33.6


Hawaii 2 206.2 �30.9 3 85.2 �40.2 22 43.2 �32.9


Idaho 20 238.5 �25.3 14 110.2 �34.0 44 51.6 �27.3


Illinois 33 268.2 �29.8 31 134.8 �39.4 31 45.4 �33.0


Indiana 40 288.7 �27.7 35 139.7 �36.0 39 49.1 �34.8


Iowa 22 246.7 �29.6 39 141.6 �36.2 20 42.9 �31.6


Kansas 28 255.4 �26.1 17 114.1 �35.0 33 46.7 �28.0


Kentucky 44 307.7 �25.6 42 148.6 �32.2 42 50.5 �30.4


Louisiana 46 308.4 �22.4 33 138.3 �32.4 46 52.1 �24.7


Maine 17 232.2 �33.1 15 112.2 �43.3 17 41.3 �28.6


Maryland 32 266.6 �25.4 40 141.7 �29.7 23 43.6 �31.6


Massachusetts 8 224.0 �31.3 9 105.6 �39.9 11 37.7 �28.2


Michigan 42 291.7 �27.8 45 156.6 �35.2 28 44.5 �34.5


Minnesota 1 190.9 �35.9 2 79.7 �45.5 14 39.3 �40.1


Mississippi 52 348.8 �23.4 41 146.8 �38.1 49 53.7 �25.7


Missouri 43 293.2 �27.4 44 155.2 �34.2 41 49.4 �27.3


Montana 7 223.3 �30.2 7 99.0 �36.1 16 41.2 �33.9


Nebraska 13 228.8 �34.5 5 89.9 �44.0 25 43.9 �29.5


Nevada 39 287.7 �22.0 23 119.5 �38.5 15 39.7 �33.8


New Hampshire 16 230.1 �34.4 21 116.3 �42.7 5 35.4 �47.4


New Jersey 26 254.1 �30.1 38 141.2 �36.1 6 35.9 �33.8


New Mexico 9 224.0 �24.4 18 114.6 �30.8 9 37.5 �35.9


New York 37 278.6 �30.9 51 181.2 �32.9 1 29.7 �37.2


North Carolina 34 268.2 �30.4 27 126.1 �39.3 47 52.4 �36.0


North Dakota 23 246.7 �28.8 30 133.7 �26.6 40 49.2 �29.8


Ohio 38 283.8 �28.0 43 154.0 �32.6 30 45.2 �28.1


Oklahoma 49 322.0 �21.2 50 177.4 �23.2 48 53.3 �23.0


Oregon 14 228.8 �29.6 8 99.2 �40.2 36 48.0 �38.8


Pennsylvania 35 268.8 �29.9 32 136.0 �37.4 24 43.6 �30.0


Puerto Rico¶ 6 219.4 �27.5 10 106.6 �23.7 26 43.9 �25.0


Rhode Island 24 249.8 �25.7 48 162.4 �27.3 2 31.4 �38.4


South Carolina 36 270.5 �33.1 22 119.2 �43.0 45 51.6 �41.8


South Dakota 19 235.6 �30.0 36 140.0 �27.7 19 42.4 �30.9


Tennessee 45 307.7 �25.1 49 167.8 �30.0 50 54.6 �31.2


Texas 31 262.8 �28.6 29 132.2 �37.4 37 48.3 �30.5


(Continued)
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Table 2-2. Continued


CVD* CHD† Stroke‡


State Rank§ Death Rate
% Change�
1996–2006 Rank§ Death Rate


% Change�
1996–2006 Rank§ Death Rate


% Change�
1996–2006


Utah 3 208.2 �28.0 1 77.5 �44.0 7 36.2 �40.7


Vermont 15 229.3 �33.0 26 124.5 �37.8 12 37.8 �39.7


Virginia 30 258.1 �31.1 20 115.6 �36.8 38 49.0 �33.5


Washington 12 228.0 �28.7 19 114.7 �31.7 21 42.9 �39.0


West Virginia 47 309.2 �27.4 46 158.7 �35.8 35 47.6 �21.7


Wisconsin 21 241.8 �30.9 16 113.9 �39.2 27 44.3 �38.9


Wyoming 25 250.1 �26.6 11 107.1 �36.5 32 45.4 �37.2


Total United States 262.5 �29.5 135.0 �35.9 43.6 �32.7


*CVD is defined here as ICD-10 I00–I99.
†CHD is defined here as ICD-10 I20–I25.
‡Stroke is defined here as ICD-10 I60–I69.
§Rank is lowest to highest.
�Percent change is based on log-linear slope of rates for each year, 1996–2006. For stroke, the death rates in 1996–1998 were comparability modified with the


ICD-10 to ICD-9 comparability ratio of 1.0502.
¶Percent changes for Puerto Rico are for 1996–1998 (averaged) to 2006 and are not based on a log-linear slope.
Source: NCHS compressed mortality file 1979–2006. Data provided by personal communication with NHLBI.
The AHRQ has released state-level data for heart disease for all 50 states and the District of Columbia. The data are taken from the Congressionally mandated


National Healthcare Quality Report (NHQR), available at http://statesnapshots.ahrq.gov/snaps07/index.jsp. In addition, the Women’s Health and Mortality Chartbook of
the NCHS has state-related data for women available at http://www.cdc.gov/nchs/data/healthywomen/womenschartbook_aug2004.pdf. Also, at http://apps.nccd.
cdc.gov/brfss-smart/index.asp, Metropolitan/Micropolitan Area Risk (MMSA) data are available for 500 such areas nationwide. BRFSS data are also collected within
each state (www.cdc.gov/brfss). The CDC has the Geographic Information Systems (GIS), which provides mortality rates down to the county level, by gender and
ethnicity, available at http://www.cdc.gov/gis/. The 2008 Atlas of Stroke Hospitalizations Among Medicare Beneficiaries (CDC, 2008) is a new resource that provides
data down to the county level, by sex and race (available at http://www.cdc.gov/dhdsp/library/stroke_hospitalization_atlas.htm).
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Table 2-3. International Death Rates (Revised 2009): Death Rates (Per 100 000 Population) for Total CVD, CHD, Stroke, and Total
Deaths in Selected Countries (Most Recent Year Available)


ICD Revision 9 or 10 CVD Deaths CHD Deaths Stroke Deaths Total Deaths


Men Ages 35–74 y


Russian Federation (2002) 10 1555.2 835.0 452.8 3186.9


Bulgaria (2004)* 9 915.6 273.3 227.2 1610.0


Hungary (2005) 10 709.7 384.7 140.8 1818.0


Romania (2007) 10 692.5 287.6 216.4 1534.8


Poland (2006) 10 510.0 198.5 104.8 1447.6


Czech Republic (2007) 10 416.5 223.9 69.0 1128.7


Argentina (2001) 10 405.9 119.8 102.6 1261.7


China–urban (2000)* 9 374.8 108.3 160.1 976.8


Colombia (1999) 10 331.3 168.2 94.7 1021.0


Finland (2007) 10 298.4 180.1 47.4 868.4


Scotland (2007) 10 294.8 195.3 46.1 936.1


Greece (2007)* 9 281.1 148.3 58.4 762.3


United States (2006) 10 272.6 162.2 32.3 885.6


Belgium (1999) 10 267.5 133.0 46.4 963.5


China–rural (2000)* 9 265.3 41.6 364.5 828.0


Portugal (2003) 10 252.8 96.6 96.1 965.5


Germany (2006) 10 242.1 125.2 34.5 788.5


Mexico (2001) 10 235.0 129.9 54.7 1055.8


Northern Ireland (2007) 10 232.4 161.9 29.6 781.2


Ireland (2006) 10 231.3 141.8 29.1 694.6


England/Wales (2007) 10 219.7 138.3 32.7 702.2


New Zealand (2005) 10 206.8 138.4 30.3 646.1


Denmark (2006) 10 206.6 84.8 45.6 865.6


Austria (2007) 10 202.4 119.1 27.8 731.2


Sweden (2006) 10 201.5 118.7 33.3 620.9


Canada (04) 10 198.3 130.8 24.2 705.3


Spain (2005) 10 191.2 92.1 39.2 786.3


Netherlands (2007) 10 176.5 71.7 28.8 660.2


Norway (2006) 10 176.1 97.1 28.3 642.2


Republic of Korea (2006) 10 175.6 51.4 93.1 966.5


Australia (2005) 10 172.4 113.5 25.2 614.6


Italy (2006) 10 167.5 80.1 31.9 641.2


Israel (2005) 10 159.3 78.8 34.7 680.3


Switzerland (2006) 10 153.5 79.9 19.3 587.9


Japan (2007) 10 151.6 47.7 56.3 630.4


France (2006) 10 149.8 58.4 27.7 793.6


Women ages 35–74 y


Russian Federation (2002) 10 659.2 288.1 257.0 1192.4


Bulgaria (2004)* 9 434.6 100.4 133.1 745.9


Romania (2007) 10 347.7 117.4 134.0 720.8


Hungary (2005) 10 291.1 144.6 67.0 780.4


China–urban (2000)* 9 258.9 71.9 103.1 637.7


Colombia (1999) 10 229.9 94.7 70.7 640.1


Poland (2006) 10 193.1 57.5 56.1 583.4


China–rural (2000)* 9 184.6 29.1 239.1 528.1


Czech Republic (2007) 10 176.8 78.4 38.3 532.3


(Continued)
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Table 2-3. Continued


ICD Revision 9 or 10 CVD Deaths CHD Deaths Stroke Deaths Total Deaths


Argentina (2001) 10 174.2 35.2 55.4 617.2


Mexico (2001) 10 166.0 69.0 46.6 713.2


United States (2006) 10 138.3 65.1 25.3 559.4


Scotland (2007) 10 130.9 67.5 33.0 590.0


Portugal (2003) 10 123.2 34.8 54.6 448.7


Belgium (1999) 10 120.4 41.8 29.6 480.2


Greece (2007)* 9 105.5 36.9 33.6 339.3


Northern Ireland (2007) 10 101.4 51.5 28.1 470.7


Denmark (2006) 10 100.0 32.4 32.1 557.8


Germany (2006) 10 97.8 38.2 20.1 402.4


England/Wales (2007) 10 97.1 43.4 25.4 450.4


New Zealand (2005) 10 97.0 47.2 27.1 425.3


Ireland (2006) 10 90.4 40.1 22.6 422.5


Republic of Korea (2006) 10 89.0 20.0 50.8 359.3


Finland (2007) 10 88.4 41.2 25.3 380.2


Netherlands (2007) 10 84.2 25.3 22.8 423.8


Canada (04) 10 83.1 42.8 17.3 432.7


Sweden (2006) 10 83.1 39.1 21.2 388.5


Austria (2007) 10 77.6 32.1 17.1 368.1


Norway (2006) 10 74.0 32.3 19.9 395.0


Spain (2005) 10 73.5 22.9 21.0 325.9


Australia (2005) 10 72.2 34.1 18.3 359.6


Israel (2005) 10 71.4 26.3 19.2 406.4


Italy (2006) 10 70.0 23.1 19.3 327.5


Japan (2007) 10 59.6 14.2 25.3 281.6


Switzerland (2006) 10 54.6 20.1 13.4 333.1


France (2006) 10 54.3 13.0 15.2 358.4


Rates are adjusted to the European Standard population. For countries using ICD-9, the ICD-9 codes are 390–459 for CVD, 410–414 for CHD, and 430–438 for
stroke. ICD-10 codes are I00–I99 for CVD, I20–I25 for CHD, and I60–I69 for stroke.


*Countries using ICD-9.
Sources: The World Health Organization, NCHS, and NHLBI.
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Chart 2-1. Prevalence of CVD in adults ≥20 years of age by age and sex (NHANES: 2003–2006). Source: NCHS and NHLBI. These
data include CHD, HF, stroke, and hypertension.


Table 2-4. Remaining Lifetime Risks for CVD and Other
Diseases Among Men and Women Free of Disease at 40 and 70
Years of Age


Remaining Lifetime Risk
at Age 40 y


Remaining Lifetime
Risk at Age 70 y


Diseases Men Women Men Women


Any CVD* 2 in 3 �1 in 2 �1 in 2 1 in 2


CHD5 1 in 2 1 in 3 1 in 3 1 in 4


AF47 1 in 4 1 in 4 1 in 4 1 in 4


CHF48 1 in 5 1 in 5 1 in 5 1 in 5


Stroke49 1 in 6† 1 in 5† 1 in 6 1 in 5


Dementia49 . . . . . . 1 in 7 1 in 5


Hip fracture61 1 in 20 1 in 6 . . . . . .


Breast cancer62,64 1 in 1000 1 in 8 . . . 1 in 14


Prostate cancer62 1 in 6 . . . . . . . . .


Lung cancer62 1 in 12 1 in 17 . . . . . .


Colon cancer62 1 in 16 1 in 17 . . . . . .


Diabetes65 1 in 3 1 in 3 1 in 9 1 in 7


Hypertension66 9 in 10† 9 in 10† 9 in 10‡ 9 in 10‡


Obesity67 1 in 3 1 in 3 . . . . . .


Ellipses (zelb) indicate not estimated.
*Personal communication from Donald Lloyd-Jones, based on FHS data.
†Age 55 years.
‡Age 65 years.
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Chart 2-2. Incidence of CVD* by age and sex (FHS, 1980–2003). *CHD, HF, stroke, or intermittent claudication. Does not include
hypertension alone. Source: NHLBI.3


Chart 2-3. Deaths due to diseases of the heart (United States: 1900–2006). See Glossary for an explanation of “diseases of the
heart.” Source: NCHS.


Chart 2-4. Deaths due to CVD (United States: 1900–2006). CVD does not include congenital CVD. Source: NCHS.
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Chart 2-5. Percentage breakdown of deaths due to CVD (United States: 2006). Source: NCHS. *Not a true underlying cause. May
not add to 100 because of rounding.


Chart 2-6. CVD deaths vs cancer deaths by age (United States: 2006). Source: NCHS.


Chart 2-7. CVD and other major causes of death: total, <85 years of age, and ≥85 years of age. Deaths among both sexes,
United States, 2006. Source: NCHS and NHLBI.
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Chart 2-8. CVD and other major causes of death: total, <85 years of age, and ≥85 years of age. Deaths among males, United
States, 2006. Source: NCHS and NHLBI.


Chart 2-9. CVD and other major causes of death: total, <85 years of age, and ≥85 years of age. Deaths among females, United
States, 2006. Source: NCHS and NHLBI.
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Chart 2-10. CVD and other major causes of death for all males and females (United States: 2006). Source: NCHS and NHLBI. A
indicates CVD plus congenital CVD; B, cancer; C, accidents; D, CLRD; E, diabetes; and F, Alzheimer’s disease.


Chart 2-11. CVD and other major causes of death for white males and females (United States: 2006). Source: NCHS. A indicates
CVD plus congenital CVD; B, cancer; C, accidents; D, CLRD; E, diabetes; and F, Alzheimer’s disease.
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Chart 2-12. CVD and other major causes of death for black males and females (United States: 2006). Source: NCHS and NHLBI.
A indicates CVD plus congenital CVD; B, cancer; C, accidents; D, assault (homicide); E, diabetes; and F, nephritis.


Chart 2-13. CVD and other major causes of death for Hispanic or Latino males and females (United States: 2006). Source:
NCHS and NHLBI. A indicates CVD (I00–I99); B, cancer; C, accidents; D, diabetes mellitus; E, assault (homicide); and F, CLRD.
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Chart 2-14. CVD and other major causes of death for Asian or Pacific Islander males and females (United States: 2006). Source:
NCHS and NHLBI. “Asian or Pacific Islander” is a heterogeneous category that includes people at high CVD risk (eg, South Asian) and
people at low CVD risk (eg, Japanese). More specific data on these groups are not available. A indicates CVD (I00–I99); B, cancer; C,
accidents; D, CLRD; E, diabetes; and F, influenza and pneumonia.


Chart 2-15. CVD and other major causes of death for American Indian or Alaska Native males and females (United States:
2006). Source: NCHS and NHLBI. A indicates CVD (I00–I99); B, cancer; C, accidents; D, diabetes mellitus; E, chronic liver disease; and
F, CLRD.
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Chart 2-16. Age-adjusted death rates for CHD, stroke, and lung and breast cancer for white and black females (United States:
2006). Source: NCHS.


Chart 2-17. CVD mortality trends for males and females (United States: 1979–2006). Source: NCHS. The overall comparability for
CVD between the ICD/9 (1979–1998) and ICD/10 (1999–2006) is 0.9962. No comparability ratios were applied.
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Chart 2-18. Hospital discharges for CVD (United States: 1970–2006). Hospital discharges include people discharged alive, dead,
and status unknown. Source: NCHS and NHLBI.


Chart 2-19. Hospital discharges for the 10 leading diagnostic groups (United States: 2006). Source: NHDS/NCHS and NHLBI.
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Chart 2-20. Estimated average 10-year CVD risk in adults 50 to 54 years of age according to levels of various risk factors
(FHS). Source: D’Agostino et al.79


Chart 2-21. US maps corresponding to state death rates (including the District of Columbia).
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3. Subclinical Atherosclerosis


See Table 3-1 and Charts 3-1 through 3-6.


Atherosclerosis, a systemic disease process in which fatty
deposits, inflammation, cells, and scar tissue build up within
the walls of arteries, is the underlying cause of the majority of
clinical cardiovascular events. Individuals who develop ath-
erosclerosis tend to develop it in a number of different types
of arteries (large and small arteries and those feeding the
heart, brain, kidneys, and extremities), although they may
have much more in some artery types than others. In recent
decades, advances in imaging technology have allowed for
improved ability to detect and quantify atherosclerosis at all
stages and in multiple different vascular beds. Two modali-
ties, computed tomography (CT) of the chest for evaluation of
coronary artery calcification (CAC) and B-mode ultrasound
of the neck for evaluation of carotid artery intima-media
thickness (IMT), have been used in large studies with
outcomes data and may help define the burden of atheroscle-
rosis in individuals before they develop clinical events such
as heart attack or stroke. Another commonly used method for
detecting and quantifying atherosclerosis in the peripheral
arteries is the ankle-brachial index, which is discussed in
Chapter 9. Data on cardiovascular outcomes are more limited
(or nonexistent) and/or standards for abnormal tests are less
well defined for other modalities for measuring subclinical
disease, including brachial artery reactivity testing, aortic and
carotid magnetic resonance imaging (MRI), and tonometric
methods of measuring vascular compliance or microvascular
reactivity. Further research may help to define the role of these


techniques in cardiovascular risk assessment. We have therefore
chosen to limit our discussion here to CAC and IMT.


Coronary Artery Calcification


Background


● CAC is a measure of the burden of atherosclerosis in the
heart arteries and is measured by CT. Other parts of the
atherosclerotic plaque, including fatty (eg, cholesterol-rich
components) and fibrotic components, often accompany
CAC and may be present even in the absence of CAC.


● Several guidelines and consensus statements have suggested
that screening for CAC may be appropriate in persons at
intermediate risk for heart disease (eg, 10-year estimated risk
of 10% to 20%) but not for lower-risk general population
screening or for persons with preexisting heart disease, dia-
betes mellitus, or other high-risk conditions.1,2


● The presence of any CAC, which indicates that at least
some atherosclerotic plaque is present, is defined by an
Agatston score �0. Clinically significant plaque, fre-
quently an indication for more aggressive risk factor
management, is often defined by a score �100 or a score
�75th percentile for one’s age and sex. A score �400 has
been noted to be an indication for further diagnostic
evaluation (eg, exercise testing or myocardial perfusion
imaging) for coronary artery disease (CAD).


Prevalence


● The NHLBI’s CARDIA study measured CAC in 3043
black and white adults 33 to 45 years of age (at the
CARDIA year 15 examination).3


— Overall, 15.0% of men and 5.1% of women, 5.5% of
those 33 to 39 years of age, and 13.3% of those 40 to
45 years of age had prevalent CAC. Overall, 1.6% of
subjects had a score that exceeded 100.


— Chart 3-1 shows the prevalence of CAC by ethnicity
and sex. The prevalence of CAC was lower in black
men than in white men but was similar in black and
white women at these ages.


● The NHLBI’s MESA study measured CAC in 6814 subjects 45
to 84 years of age, including white (n�2619), black (n�1898),
Hispanic (n�1494), and Chinese (n�803) men and women.4


— Chart 3-2 shows the prevalence of CAC by sex and
ethnicity.


— The prevalence and 75th percentile levels of CAC were
highest in white men and lowest in black and Hispanic
women. Significant ethnic differences persisted after
adjustment for risk factors, with the RR of coronary
calcium being 22% less in blacks, 15% less in Hispan-
ics, and 8% less in Chinese than in whites.


— Table 3-1 shows the 75th percentile levels of CAC by sex
and race at selected ages. These might be considered cut
points above which more aggressive efforts to control risk
factors (eg, elevated cholesterol or blood pressure) could
be implemented and/or at which treatment goals might be
more aggressive (eg, LDL cholesterol �100 mg/dL in-
stead of �130 mg/dL).


Abbreviations Used in Chapter 3


BMI body mass index


BP blood pressure


CAC coronary artery calcification


CAD coronary artery disease


CARDIA Coronary Artery Risk Development in Young Adults


CHD coronary heart disease


CHS Cardiovascular Health Study


CT computed tomography


CVD cardiovascular disease


DBP diastolic blood pressure


DM diabetes mellitus


FRS Framingham Risk Score


HDL high-density lipoprotein


HR hazard ratio


IMT intima-media thickness


LDL low-density lipoprotein


MESA Multi-Ethnic Study of Atherosclerosis


mg/dL milligrams per deciliter


MRI magnetic resonance imaging


NHLBI National Heart, Lung, and Blood Institute


RR relative risk


SBP systolic blood pressure


SD standard deviation
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CAC and Incidence of Coronary Events


● The NHLBI’s MESA study recently reported on the asso-
ciation of CAC scores with first CHD events over a median
follow-up of 3.9 years among a population-based sample of
6722 men and women (39% white, 27% black, 22%
Hispanic, and 12% Chinese).5


— Chart 3-3 shows the RRs or hazard ratios (HRs)
associated with CAC scores of 1 to 100, 101 to 300, and
�300 compared with those without CAC (score�0),
after adjustment for standard risk factors. Persons with
CAC scores of 1 to 100 had approximately 4 times
greater risk and those with CAC scores �100 were 7 to
10 times more likely to experience a coronary event
than those without CAC.


— CAC provided similar predictive value for coronary
events in whites, Chinese, blacks, and Hispanics (HRs
ranging from 1.15 to 1.39 for each doubling of coronary
calcium).


● In another report of a community-based sample, not referred
for clinical reasons, the South Bay Heart Watch examined
CAC in 1461 adults (average age 66 years) with coronary risk
factors, with a median of 7.0 years of follow-up.6


— Chart 3-4 shows the HRs associated with increasing
CAC scores (relative to CAC�0 and �10% risk
category) in low- (�10%), intermediate- (10% to 15%
and 16% to 20%), and high-risk (�20%) Framingham
Risk Score (FRS) categories of estimated risk for CHD
in 10 years. Increasing CAC scores further predicted
risk in intermediate- and high-risk groups.


● In a study of healthy adults 60 to 72 years of age who were
free of clinical CAD, predictors of the progression of CAC
were assessed. Predictors tested included age, sex, race/
ethnicity, smoking status, BMI, family history of CAD,
C-reactive protein, several measures of DM, insulin levels,
BP, and lipids. Insulin resistance, in addition to the traditional
cardiac risk factors, independently predicts progression of
CAC.7


Carotid IMT


Background


● Carotid IMT measures the thickness of 2 layers (the intima
and media) of the wall of the carotid arteries, the largest
conduits of blood going to the brain. Carotid IMT is
thought to be an even earlier manifestation of atheroscle-
rosis than CAC, because thickening precedes the develop-
ment of frank atherosclerotic plaque. Carotid IMT methods
are still being refined, so it is important to know which part
of the artery was measured (common carotid, internal
carotid, or bulb) and whether near and far walls were both
measured. This information can affect the average-
thickness measurement that is usually reported.


● Unlike CAC, everyone has some thickness to their arteries,
but people who develop atherosclerosis have greater thick-
ness. Ultrasound of the carotid arteries can also detect
plaques and determine the degree of narrowing of the artery
that they may cause. Epidemiological data, including the
data discussed below, have indicated high-risk levels might


be considered as those in the highest quartile or quintile for
one’s age and sex, or �1 mm.


● Although ultrasound is commonly used to diagnose plaque
in the carotid arteries in people who have had strokes or
who have bruits (sounds of turbulence in the artery), there
are not yet any guidelines for the screening of asymptom-
atic people for carotid IMT to quantify atherosclerosis or
predict risk. However, some organizations have recognized
that carotid IMT measurement by B-mode ultrasonography
may provide an independent assessment of coronary risk.8


Prevalence and Association With Incident
Cardiovascular Events


● The Bogalusa Heart Study measured carotid IMT in 518 black
and white men and women at a mean age of 32�3 years.
These men and women were healthy but overweight.9


— The mean values of carotid IMT for the different
segments are shown in Chart 3-5 by sex and race. Men
had significantly higher carotid IMT in all segments
than women, and blacks had higher common carotid
and carotid bulb IMTs than whites.


— Even at this young age, after adjustment for age, race,
and sex, carotid IMT was associated significantly and
positively with waist circumference, systolic BP (SBP),
diastolic BP (DBP), and LDL cholesterol. Carotid IMT
was inversely correlated with high-density lipoprotein
(HDL) cholesterol levels. Participants with greater
numbers of adverse risk factors (0, 1, 2, 3, or more) had
stepwise increases in mean carotid IMT levels.


● In a subsequent analysis, the Bogalusa investigators exam-
ined the association of risk factors measured since child-
hood with carotid IMT measured in these young adults.10


Higher BMI and LDL cholesterol levels measured at 4 to 7
years of age were associated with increased risk for being
above the 75th percentile for carotid IMT in young adulthood.
Higher SBP and LDL cholesterol and lower HDL cholesterol
in young adulthood were also associated with having high
carotid IMT. These data highlight the importance of adverse
risk factor levels in early childhood and young adulthood in
the early development of atherosclerosis.


● Among both women and men in MESA, blacks had the
highest common carotid IMT, but they were similar to
whites and Hispanics in internal carotid IMT. Chinese
participants had the lowest carotid IMT, particularly in the
internal carotid, of the 4 ethnic groups (Chart 3-6).


● The NHLBI’s CHS reported follow-up of 4476 men and
women �65 years of age (mean age 72 years) who were
free of CVD at baseline.11


— Mean maximal common carotid IMT was 1.03�
0.20 mm, and mean internal carotid IMT was
1.37�0.55 mm.


— After a mean follow-up of 6.2 years, those with
maximal carotid IMT in the highest quintile had a 4- to
5-fold greater risk for incident heart attack or stroke
than those in the bottom quintile. After adjustment for
other risk factors, there was still a 2- to 3-fold greater
risk for the top versus the bottom quintile.
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CAC and Carotid IMT


● In the NHLBI’s MESA study of white, black, Chinese, and
Hispanic adults 45 to 84 years of age, carotid IMT and
CAC were found to be commonly associated, but patterns
of association differed somewhat by sex and race.12


— Common and internal carotid IMT were greater in
women and men who had CAC than in those who did
not, regardless of ethnicity.


— Overall, CAC prevalence and scores were associated
with carotid IMT, but associations were somewhat
weaker in blacks than in other ethnic groups.


— In general, blacks had the thickest carotid IMT of all 4
ethnic groups, regardless of the presence of CAC.


— Common carotid IMT differed little by race/ethnicity in
women with any CAC, but among women with no
CAC, IMT was higher among blacks (0.86 mm) than in
the other 3 groups (0.76 to 0.80 mm).


● In a more recent analysis from the NHLBI’s MESA study,
the investigators reported on follow-up of 6698 men and
women in 4 ethnic groups over 5.3 years and compared the
predictive utility of carotid IMT and CAC.13


— CAC was associated more strongly than carotid IMT
with the risk of incident CVD.


— After adjustment for each other (CAC score and IMT) and
for traditional CVD risk factors, the HR for CVD in-
creased 2.1-fold for each 1–standard deviation (SD) incre-
ment of log-transformed CAC score versus 1.3-fold for
each 1-SD increment of the maximum carotid IMT.


— For CHD events, the HRs per 1-SD increment increased
2.5-fold for CAC score and 1.2-fold for IMT.


— A receiver operating characteristic curve analysis also
suggested that CAC score was a better predictor of
incident CVD than was IMT, with areas under the curve
of 0.81 versus 0.78, respectively.


— Investigators from the NHLBI’s CARDIA and MESA
studies examined the burden and progression of subclini-
cal atherosclerosis among adults �50 years of age. Ten-
year and lifetime risks for CVD were estimated for each
participant, and the young adults were stratified into 3
groups: (1) Those with low 10-year (�10%) and low
lifetime (�39%) predicted risk for CVD; (2) those with
low 10-year (�10%) but high lifetime (�39%) predicted
risk; and (3) those with high 10-year risk (�10%). The
latter group had the highest burden and greatest progres-
sion of subclinical atherosclerosis. Given the young age of
those studied, �90% of participants were at low 10-year
risk, but of these, half had high predicted lifetime risk.
Compared with those with low short-term/low lifetime
predicted risks, those with low short-term/high lifetime
predicted risk had significantly greater burden and pro-
gression of CAC and significantly greater burden of
carotid IMT, even at these younger ages. These data
confirm the importance of early exposure to risk factors
for the onset and progression of subclinical
atherosclerosis.14
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Chart 3-1. Prevalence (%) of coronary calcium: US adults 33 to 45 years of age. Source: Loria et al.3 P�0.0001 across race-sex
groups.


Table 3-1. CAC Scores for the 75th Percentile of Men and
Women of Different Race/Ethnic Groups, at Specified Ages


75th Percentile CAC Scores*


Age, y Black Chinese Hispanic White


Women


45 0 0 0 0


55 0 2 0 1


65 26 45 19 54


75 138 103 116 237


Men


45 0 3 0 0


55 15 34 27 68


65 95 121 141 307


75 331 229 358 820


*The 75th percentile CAC score is the score at which 75% of people of the
same age, sex, and race have a score at or below this level, and 25% of people
of the same age, sex, and race have a higher score. (Source: MESA CAC Tools
Web site: http://www.mesa-nhlbi.org/Calcium/input.aspx).


Chart 3-2. Prevalence (%) of coronary calcium: US adults 45 to 84 years of age. Source: Bild et al.4 P�0.0001 across ethnic
groups in both men and women.
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Chart 3-3. HRs for CHD events associated with coronary calcium scores: US adults 45 to 84 years of age (reference group
CAC�0). Source: Detrano et al.5 All HRs P�0.0001. Major CHD events included MI and death due to CHD; any CHD events included
major CHD events plus definite angina or definite or probable angina followed by revascularization.


Chart 3-4. HRs for CHD events associated with coronary calcium scores: US adults (reference group CAC�0 and FRS <10%).
CHD events included nonfatal MI and death due to CHD. Source: Greenland et al.6


Chart 3-5. Mean values of carotid IMT for different carotid artery segments in younger adults by race and sex (Bogalusa Heart
Study). Source: Urbina et al.9
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Chart 3-6. Mean values of carotid IMT for different carotid artery segments in older adults, by race. Source: Manolio et al.12
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4. Coronary Heart Disease, Acute
Coronary Syndrome, and
Angina Pectoris


Coronary Heart Disease


ICD-9 410 to 414, 429.2; ICD-10 I20–I25; see Glossary
(Chapter 22) for details and definitions. See Tables 4-1 and
4-2. See Charts 4-1 through 4-8.


Prevalence


● On the basis of data from NHANES 2003 to 2006 (NCHS;
Table 4-1; Chart 4-1), an estimated 17 600 000 Americans
�20 years of age have CHD:


— Total CHD prevalence is 7.9% in US adults �20 years
of age. CHD prevalence is 9.1% for men and 7.0% for
women.


— Among non-Hispanic whites, CHD prevalence is 9.4%
for men and 6.9% for women.


— Among non-Hispanic blacks, CHD prevalence is 7.8%
for men and 8.8% for women.


— Among Mexican Americans, CHD prevalence is 5.3%
for men and 6.6% for women.


— Among Hispanic or Latino individuals �18 years of
age, CHD prevalence is 5.7% (NHIS, NCHS).1


— Among American Indians/Alaska Natives �18 years of
age, it is estimated that 6.6% have CHD (estimate
considered unreliable), and among Asians �18 years of
age, it is 2.9% (NHIS, NCHS).1


● According to data from NHANES 2003 to 2006 (NCHS)
the overall prevalence for MI is 3.6% in US adults �20
years of age. MI prevalence is 4.7% for men and 2.6% for
women.1


— Among non-Hispanic whites, MI prevalence is 5.1%
for men and 2.6% for women.


— Among non-Hispanic blacks, MI prevalence is 3.6% for
men and 2.9% for women.


— Among Mexican Americans, MI prevalence is 2.6% for
men and 2.0% for women.


● Data from 2008 from the BRFSS survey of the CDC found
that 4.2% of respondents had been told that they had had an
MI. The highest prevalence was in Alabama (5.8%) and
West Virginia (7.6%). The lowest prevalence was in the
District of Columbia (2.2%). In the same survey, 4.1% of
respondents were told that they had angina or CHD. The
highest prevalence was in West Virginia (8.1%), and the
lowest was in the District of Columbia (2.5%).2


Incidence


● On the basis of unpublished data from the ARIC and CHS
studies of the NHLBI:


— This year, �785 000 Americans will have a new
coronary attack, and �470 000 will have a recurrent


Abbreviations Used in Chapter 4


ACC American College of Cardiology


ACS acute coronary syndrome


AHA American Heart Association


AMI acute myocardial infarction


AP angina pectoris


ARIC Atherosclerosis Risk in Communities study


ATP III Adult Treatment Panel III


BMI body mass index


BP blood pressure


BRFSS Behavioral Risk Factor Surveillance System


CABG Coronary artery bypass graft


CAD coronary artery disease


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHS Cardiovascular Health Study


CI confidence interval


CRUSADE Can Rapid stratification of Unstable angina patients Suppress
ADverse outcomes with Early implementation of the
ACC/AHA guidelines


CVD cardiovascular disease


DM diabetes mellitus


ECG electrocardiogram


ED emergency department


EHS-ACS-II Second Euro Heart Survey on ACS


EMS emergency medical services


FHS Framingham Heart Study


GRACE Global Registry of Acute Coronary Events


HD heart disease


HF heart failure


HMO Health maintenance organization


HR hazard ratio


ICD International Classification of Diseases


INTERHEART Interheart Study


MET metabolic equivalent


MI myocardial infarction


NAMCS National Ambulatory Medical Care Survey


NCHS National Center for Health Statistics


NHAMCS National Hospital Ambulatory Medical Care Survey


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHIS National Health Interview Study


NHLBI National Heart, Lung, and Blood Institute


NRMI National Registry of Myocardial Infarction


NSTE ACS non–ST-segment–elevation acute coronary syndromes


NSTEMI non–ST-segment–elevation myocardial infarction


OR odds ratio


PA physical activity


PCI percutaneous coronary intervention


PREMIER Prospective Registry Evaluating Myocardial Infarction: Events
and Recovery


STEMI ST-segment–elevation MI


UA unstable angina


WISE Women’s Ischemia Syndrome Evaluation
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attack. It is estimated that an additional 195 000 silent
MIs occur each year. That assumes that �21% of the
935 000 first and recurrent MIs are silent.3,4


— The estimated annual incidence of MI is 610 000 new
attacks and 325 000 recurrent attacks.


— Average age at first MI is 64.5 years for men and 70.3
years for women.


● On the basis of the NHLBI-sponsored FHS:


— CHD makes up more than half of all cardiovascular
events in men and women �75 years of age.3


— The lifetime risk of developing CHD after 40 years of
age is 49% for men and 32% for women.5


— The incidence of CHD in women lags behind men by
10 years for total CHD and by 20 years for more serious
clinical events such as MI and sudden death.3


● In the NHLBI-sponsored ARIC study, in participants 45 to
64 years of age, the average age-adjusted CHD incidence
rates per 1000 person-years were as follows: White men,
12.5; black men, 10.6; white women, 4.0; and black
women, 5.1. Incidence rates excluding revascularization
procedures were as follows: White men, 7.9; black men,
9.2; white women, 2.9; and black women, 4.9. In a
multivariable analysis, hypertension was a particularly
strong risk factor in black women, with HR ratios (95%
confidence interval [CI]) as follows: Black women, 4.8 (2.5
to 9.0); white women, 2.1 (1.6 to 2.9); black men, 2.0 (1.3
to 3.0); and white men, 1.6 (1.3 to 1.9). DM was somewhat
more predictive in white women than in other groups. HR
ratios (95% CI) were as follows: Black women, 1.8 (1.2 to
2.8); white women, 3.3 (2.4 to 4.6); black men, 1.6 (1.1 to
2.5); and white men, 2.0 (1.6 to 2.6).6


● Incidence rates for MI in the NHLBI-sponsored ARIC
study are displayed in Charts 4-3 and 4-4, stratified by age,
race, and gender. The annual age-adjusted rates per 1000
population of first MI (1987–2001) in ARIC Surveillance
(NHLBI) were 4.2 in black men, 3.9 in white men, 2.8 in
black women, and 1.7 in white women.7


● Analysis of more than 40 years of physician-validated
acute MI (AMI) data in the FHS study of the NHLBI found
that AMI rates diagnosed by electrocardiographic (ECG)
criteria declined approximately 50% with a concomitant
2-fold increase in rates of AMI diagnosed by blood
markers. National MI trend data may be biased by a
diagnostic drift that has resulted from the advent of
diagnostic biomarker tests for AMI; investigators were able
to identify and quantify the possible magnitude of this
effect within the study setting. These findings may explain
the paradoxical stability of AMI rates in the United States
despite concomitant improvements in CHD risk factors.8


● Among American Indians 65 to 74 years of age, the annual
rates per 1000 population of new and recurrent MIs were
7.6 for men and 4.9 for women.9 Analysis of data from
NHANES III (1988–1994) and NHANES 1999 to 2002
(NCHS) showed that in adults 20 to 74 years of age, the
overall distribution of 10-year risk of developing CHD
changed little during this time. Among the 3 racial/ethnic


groups, blacks had the highest proportion of participants in
the high-risk group.10


Mortality


● CHD caused �1 of every 6 deaths in the United States in
2006. CHD mortality was 425 425.11 CHD any-mention
mortality was 587 000. MI mortality was 141 462. MI
any-mention mortality was 181 000 (NHLBI; NCHS
public-use data files). Preliminary 2007 CHD mortality
was 403 741. The preliminary 2007 CHD death rate was
125.2.12 CHD is the largest major killer of American males
and females.13 Approximately every 25 seconds, an Ameri-
can will suffer a coronary event, and approximately every
minute, someone will die of one. Approximately 34% of the
people who experience a coronary attack in a given year will
die of it, and �15% who experience a heart attack (MI) will
die of it (AHA computation). Approximately every 34 sec-
onds, an American will have an MI. The percentage of CHD
deaths that occurred out of the hospital in 2006 was 70%.
According to NCHS Data Warehouse mortality data, 309 000
CHD deaths occur out of the hospital or in hospital EDs
annually (2005, ICD-10 codes I20 to I25).14


● A study of 1275 health maintenance organization (HMO)
enrollees 50 to 79 years of age who had cardiac arrest
showed that the incidence of out-of-hospital cardiac arrest
was 6.0/1000 subject-years in subjects with any clinically
recognized HD compared with 0.8/1000 subject-years in
subjects without HD. In subgroups with HD, incidence was
13.6/1000 subject-years in subjects with prior MI and
21.9/1000 subject-years in subjects with HF.15


Temporal Trends in CHD Mortality


● An analysis of FHS data (NHLBI) from 1950 to 1999
showed that overall CHD death rates decreased by 59%.
Nonsudden CHD death decreased by 64%, and sudden
cardiac death fell by 49%. These trends were seen in men
and women, in subjects with and without a prior history of
CHD, and in smokers and nonsmokers.16


● From 1996 to 2006, the annual death rate due to CHD
declined 36.4%, and the actual number of deaths declined
21.9%. (Appropriate comparability ratios were applied.) In
2006, the overall CHD death rate was 134.9 per 100 000
population. The death rates were 176.3 for white males and
206.4 for black males; for white females, the rate was
101.5, and for black females, it was 130.0.11,13


— 2006 Age-adjusted death rates for CHD were 132.8 for
Hispanic or Latino males and 85.4 for females, 122.4
for American Indian or Alaska Native males and 76.4
for females, and 101.3 for Asian or Pacific Islander
males and 58.9 for females.11


● Approximately 81% of people who die of CHD are �65
years of age (NCHS; AHA computation).


● The estimated average number of years of life lost because
of an MI is 15.17


● On the basis of data from the FHS of the NHLBI3:
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— Fifty percent of men and 64% of women who die
suddenly of CHD have no previous symptoms of this
disease. Between 70% and 89% of sudden cardiac
deaths occur in men, and the annual incidence is 3 to 4
times higher in men than in women; however, this
disparity decreases with advancing age.


— People who have had an MI have a sudden death rate 4
to 6 times that of the general population.


● According to data from the National Registry of Myocar-
dial Infarction18:


— From 1990 to 1999, in-hospital AMI mortality declined
from 11.2% to 9.4%.


— Mortality rate increases for every 30 minutes that
elapse before a patient with ST-segment elevation is
recognized and treated.


● CHD death rates have fallen from 1968 to the present.
Analysis of NHANES (NCHS) data compared CHD death
rates between 1980 and 2000 to determine how much of the
decline in deaths due to CHD over that period could be
explained by the use of medical and surgical treatments
versus changes in CVD risk factors (resulting from life-
style/behavior). After 1980 and 2000 data were compared,
it was estimated that �47% of the decrease in CHD deaths
was attributable to treatments, including the following19:


— Secondary preventive therapies after MI or revascular-
ization (11%);


— initial treatments for AMI or unstable angina (UA;
10%);


— treatments for HF (9%);
— revascularization for chronic angina (5%); and
— other therapies (12%), including antihypertensive and


lipid-lowering primary prevention therapies.


● It was also estimated that a similar amount of the reduction
in CHD deaths, �44%, was attributable to changes in risk
factors, including the following19:


— Lower total cholesterol (24%);
— lower SBP (20%);
— lower smoking prevalence (12%); and
— decreased physical inactivity (5%).
— Nevertheless, these favorable improvements in risk


factors were offset in part by increases in BMI and in
diabetes prevalence, which accounted for an increased
number of deaths (8% and 10%, respectively).


● Between 1980 and 2002, death rates due to CHD among
men and women �65 years of age fell by 52% in men and
49% in women. Among men, the death rate declined on
average by 2.9% per year in the 1980s, 2.6% per year
during the 1990s, and 4.4% per year from 2000 to 2002.
Among women, death rates fell by 2.6%, 2.4%, and 4.4%,
respectively. However, when stratified by age, among men
35 to 54 years of age, the average annual rate of death fell
by 6.2%, 2.3%, and 0.5%, respectively. Among women 35
to 54 years of age, the average annual rate of death fell by
5.4% and 1.2% and then increased by 1.5%, respectively.


This increase was not statistically significant; however, in
even younger women (35 to 44 years of age), the rate of
death has been increasing by an average of 1.3% annually
between 1997 and 2002, which is statistically significant.20


● An analysis of 28 studies published from 1977 to 2007
found that revascularization by coronary bypass surgery or
percutaneous intervention in conjunction with medical
therapy in patients with nonacute CAD is associated with
significantly improved survival compared with medical
therapy alone.21


Risk Factors


● Risk factors for CHD act synergistically to increase CHD
risk, as shown in the example in Chart 4-6.


● A study of men and women in 3 prospective cohort studies
found that antecedent major CHD risk factor exposures
were very common among those who developed CHD.
Approximately 90% of CHD patients have prior exposure
to at least 1 of these major risk factors, which include high
total blood cholesterol levels or current medication with
cholesterol-lowering drugs, hypertension or current medi-
cation with BP-lowering drugs, current cigarette use, and
clinical report of diabetes.22


● According to a case-control study of 52 countries
(INTERHEART), optimization of 9 easily measured and
potentially modifiable risk factors could result in a 90%
reduction in the risk of an initial AMI. The effect of these
risk factors is consistent in men and women across different
geographic regions and by ethnic group, which makes the
study applicable worldwide. These 9 risk factors include
cigarette smoking, abnormal blood lipid levels, hyperten-
sion, diabetes, abdominal obesity, a lack of PA, low daily
fruit and vegetable consumption, alcohol overconsumption,
and psychosocial index.23


● A study of �3000 members of the FHS (NHLBI) Offspring
Cohort without CHD showed that among men with 10-year
predicted risk for CHD of 20%, both failure to reach target
heart rate and ST-segment depression more than doubled
the risk of an event, and each metabolic equivalent (MET)
increment in exercise capacity reduced risk by 13%.24


● A study of non-Hispanic white persons 35 to 74 years of
age in the FHS (NHLBI) and the NHANES III (NCHS)
studies showed that 26% of men and 41% of women had at
least 1 borderline risk factor in NHANES III. It is estimated
that �90% of CHD events will occur in individuals with at
least 1 elevated risk factor and that �8% will occur in
people with only borderline levels of multiple risk factors.
Absolute 10-year CHD risk exceeded 10% both in men
�45 years of age who had 1 elevated risk factor and �4
borderline risk factors and in those who had �2 elevated risk
factors. In women, absolute CHD risk was �10% only in
those �55 years of age who had �3 elevated risk factors.25


● A recent analysis examined the number and combination of
risk factors necessary to exceed Adult Treatment Panel III
(ATP III) treatment thresholds. In this analysis, relatively
high risk factor levels were required to exceed ATP III
treatment thresholds in men �45 years of age and women
�65 years of age, which suggests that alternative means of
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risk prediction that focus on a longer time horizon than the
10 years captured by the traditional Framingham CHD risk
score may be necessary to estimate risk in these
individuals.26


● Analysis of data from the CHS study (NHLBI) among
participants �65 years of age at entry into the study
showed that subclinical CVD is very prevalent among
older individuals, is independently associated with risk of
CHD (even over a 10-year follow-up period), and substan-
tially increases the risk of CHD among participants with
hypertension or DM.27


● On the basis of data from the CDC/BRFSS, it was found
that patients with CHD are less likely to comply with PA
recommendations than are subjects without CHD. Only
32% of CHD patients met moderate PA recommendations,
22% met vigorous PA recommendations, and 40% met
total PA recommendations. In contrast, the percentage of
subjects without CHD who met PA recommendations was
significantly higher, and this percentage almost achieved
the Healthy People 2010 objectives for PA.28


● Analysis of data from the PREMIER trial (Prospective
Registry Evaluating Myocardial Infarction: Events and
Recovery), sponsored by the NHLBI, found that in people
with prehypertension or stage 1 hypertension, 2 multicom-
ponent behavioral interventions significantly reduced esti-
mated 10-year CHD risk by 12% and 14% respectively,
compared with advice only.29


Awareness of Warning Signs and Risk Factors
for HD


● Data from the Women Veterans Cohort showed that 42%
of women �35 years of age were concerned about HD.
Only 8% to 20% were aware that CAD is the major cause
of death for women.30


● Among people in 14 states and Washington, DC, partici-
pating in the 2005 BRFSS, only 27% were aware of 5 heart
attack warning signs and symptoms (1, pain in jaw, neck,
or back; 2, weak, lightheaded, or faint; 3, chest pain or
discomfort; 4, pain or discomfort in arms or shoulder; and
5, shortness of breath) and indicated that they would first
call 911 if they thought someone was having a heart attack
or stroke. Awareness of all 5 heart attack warning signs and
symptoms and the need to call 911 was higher among
non-Hispanic whites (30.2%), women (30.8%), and those
with a college education or more (33.4%) than among
non-Hispanic blacks and Hispanics (16.2% and 14.3%,
respectively), men (22.5%), and those with less than a high
school education (15.7%), respectively. By state, aware-
ness was highest in West Virginia (35.5%) and lowest in
Washington, DC (16.0%).31


● A 2004 national study of physician awareness and adher-
ence to CVD prevention guidelines showed that fewer than
1 in 5 physicians knew that more women than men die each
year of CVD.32


● A recent community surveillance study in 4 US communi-
ties reported that in 2000, the overall proportion of persons
with delays of �4 hours from onset of AMI symptoms to
hospital arrival was 49.5%. The study also reported that


from 1987 to 2000, there was no statistically significant
change in the proportion of patients whose delays were �4
hours, which indicates that there has been little improve-
ment in the speed at which patients with MI symptoms
arrive at the hospital after symptom onset. Although the
proportion of MI patients who arrived at the hospital by
EMS increased over this period, from 37% in 1987% to
55% in 2000, the total time between onset and hospital
arrival did not change appreciably.33


● According to 2003 data from the BRFSS (CDC), 36.5% of
all women surveyed had multiple risk factors for HD and
stroke. The age-standardized prevalence of multiple risk
factors was lowest in whites and Asians. After adjustment
for age, income, education, and health coverage, the odds
for multiple risk factors were greater in black and Native
American women and lower for Hispanic women than for
white women. Prevalence estimates and odds of multiple
risk factors increased with age; decreased with education,
income, and employment; and were lower in those with no
health coverage. Smoking was more common in younger
women, whereas older women were more likely to have
medical conditions and to be physically inactive.34


● Individuals with documented CHD have 5 to 7 times the risk
of having a heart attack or dying as the general population.
Survival rates improve after a heart attack if treatment begins
within 1 hour; however, most patients are admitted to the
hospital 2.5 to 3 hours after symptoms begin. More than 3500
patients surveyed with a history of CHD were asked to
identify possible symptoms of heart attack. Despite their
history of CHD, 44% had low knowledge levels. In this group,
who were all at high risk of future AMI, 43% assessed their
risk as less than or the same as others their age. More men
than women perceived themselves as being at low risk, at 47%
versus 36%, respectively.35


● Data from Worcester, Mass, indicate that the average time
from symptom onset to hospital arrival has not improved
and that delays in hospital arrival are associated with less
receipt of guidelines-based care. Mean and median prehos-
pital delay times from symptom onset to arrival at the
hospital were 4.1 and 2.0 hours in 1986 and 4.6 and 2.0
hours in 2005. Compared with those arriving within 2
hours of symptom onset, those with prolonged prehospital
delay were less likely to receive thrombolytic therapy and
percutaneous coronary intervention (PCI) within 90 min-
utes of hospital arrival.36


● In an analysis from ARIC, low neighborhood household
income (OR 1.46, 95% CI 1.09 to 1.96) and being a Medicaid
recipient (OR 1.87, 95% CI 1.10 to 3.19) were associated with
increased odds of having prolonged prehospital delays from
symptom onset to hospital arrival for AMI compared with
individuals with higher neighborhood household income and
other insurance providers, respectively.37


Aftermath


● Depending on their sex and clinical outcome, people who
survive the acute stage of an MI have a chance of illness
and death 1.5 to 15 times higher than that of the general
population. Among these people, the risk of another MI,
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sudden death, AP, HF, and stroke—for both men and
women—is substantial (FHS, NHLBI).3


● A Mayo Clinic study found that cardiac rehabilitation after
an MI is underused, particularly in women and the elderly.
Women were 55% less likely than men to participate in
cardiac rehabilitation, and older study patients were less
likely to participate than younger participants. Only 32% of
men and women �70 years of age participated in cardiac
rehabilitation compared with 66% of those 60 to 69 years
of age and 81% of those �60 years of age.38


● On the basis of pooled data from the FHS, ARIC, and CHS
studies of the NHLBI, within 1 year after a first MI:


— At �40 years of age, 18% of men and 23% of women
will die.


— At 40 to 69 years of age, 8% of white men, 12% of
white women, 14% of black men, and 11% of black
women will die.


— At �70 years of age, 27% of white men, 32% of white
women, 26% of black men, and 28% of black women
will die.


— In part because women have MIs at older ages than men,
they are more likely to die of MIs within a few weeks.


● Within 5 years after a first MI:


— At �40 years of age, 33% of men and 43% of women
will die.


— At 40 to 69 years of age, 15% of white men, 22% of
white women, 27% of black men, and 32% of black
women will die.


— At �70 years of age, 50% of white men, 56% of white
women, 56% of black men, and 62% of black women
will die.


● Of those who have a first MI, the percentage with a
recurrent MI or fatal CHD within 5 years is:


— At 40 to 69 years of age, 16% of men and 22% of women.
— At 40 to 69 years of age, 14% of white men, 18% of


white women, 27% of black men, and 29% of black
women.


— At �70 years of age, 24% of white men and women,
30% of black men, and 32% of black women.


● The percentage of persons with a first MI who will have HF
in 5 years is:


— At 40 to 69 years of age, 7% of men and 12% of women.
— At �70 years of age, 22% of men and 25% of women.
— At 40 to 69 years of age, 7% of white men, 11% of


white women, 11% of black men, and 14% of black
women.


— At �70 years of age, 21% of white men, 25% of white
women, 29% of black men, and 24% of black women.


● The percentage of persons with a first MI who will have a
stroke within 5 years is:


— At 40 to 69 years of age, 4% of men and 6% of women.
— At �70 years of age, 6% of men and 11% of women.


— At 40 to 69 years of age, 3% of white men, 5% of white
women, 8% of black men, and 9% of black women.


— At �70 years of age, 6% of white men, 10% of white
women, 7% of black men, and 17% of black women.


● The percentage of persons with a first MI who will
experience sudden death in 5 years is:


— At 40 to 69 years of age, 1.1% of white men, 1.9% of
white women, 2.5% of black men, and 1.4% of black
women.


— At �70 years of age, 6.0% of white men, 3.5% of white
women, 14.9% of black men, and 4.8% of black
women.


● The median survival time (in years) after a first MI is:


— At 60 to 69 years of age, data not available for men and
7.4 for women.


— At 70 to 79 years of age, 7.4 for men and 10.4 for
women.


— At �80 years of age, 2.0 for men and 6.4 for women.


● Among survivors of an MI, in 2005, 34.7% of BRFSS
respondents participated in outpatient cardiac rehabilita-
tion. The prevalence of cardiac rehabilitation was higher
among older age groups (�50 years of age), among men
versus women, among Hispanics, among those who were
married, among those with higher education, and among
those with higher levels of household income.39


● A recent analysis of Medicare claims data revealed that
only 13.9% of Medicare beneficiaries enroll in cardiac
rehabilitation after an AMI, and only 31% enroll after
CABG. Older persons, women, nonwhites, and individuals
with comorbidities were less likely to enroll in cardiac
rehabilitation programs.40


Hospital Discharges and Ambulatory Care Visits
(See Table 4-1 and Chart 4-7.)


● From 1996 to 2006, the number of inpatient discharges from
short-stay hospitals with CHD as the first-listed diagnosis
decreased from 2 272 000 to 1 760 000 (NHDS, NCHS).


● In 2007, there were 14 722 000 ambulatory care visits with
CHD as the first-listed diagnosis (NCHS, NAMCS,
NHAMCS). The majority of these visits (69.0%) were for
coronary atherosclerosis.41


● Most hospitalized patients �65 years of age are women.
For MI, 28.4% of hospital stays for people 45 to 64 years
of age were for women, but 63.7% of stays for those �85
years of age were for women. Similarly, for coronary
atherosclerosis, 32.7% of stays among people 45 to 64
years of age were for women; this figure increased to
60.7% of stays among those �85 years of age. For
nonspecific chest pain, women were more numerous than
men among patients �65 years of age. Approximately
54.4% of hospital stays among people 45 to 64 years of age
were for women. Women constituted 73.9% of nonspecific
chest pain stays among patients �85 years of age, higher
than for any other condition examined. For AMI, one third
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more women than men died in the hospital: 9.3% of women
died in the hospital compared with 6.2% of men.42


Operations and Procedures


● In 2006, an estimated 1 313 000 inpatient PCI procedures,
448 000 inpatient bypass procedures, 1 115 000 inpatient
diagnostic cardiac catheterizations, 114 000 inpatient im-
plantable defibrillators, and 418 000 pacemaker procedures
were performed for inpatients in the United States.43


Cost


● The estimated direct and indirect cost of CHD for 2010 is
$177.1 billion.


● In 2006, $11.7 billion was paid to Medicare beneficiaries
for in-hospital costs when CHD was the principal diagnosis
($14 009 per discharge for AMI, $12 977 per discharge for
coronary atherosclerosis, and $10 630 per discharge for
other ischemic HD).35,44


Acute Coronary Syndrome
ICD-9 codes 410, 411.


The term acute coronary syndrome (ACS) is increasingly
used to describe patients who present with either AMI or UA.
(UA is chest pain or discomfort that is accelerating in
frequency or severity and may occur while at rest but does not
result in myocardial necrosis.) The discomfort may be more
severe and prolonged than typical AP or may be the first time
a person has AP. UA, non–ST-segment– elevation MI
(NSTEMI), and ST-segment–elevation MI (STEMI) share
common pathophysiological origins related to coronary
plaque progression, instability, or rupture with or without
luminal thrombosis and vasospasm.


● A conservative estimate for the number of discharges with
ACS from hospitals in 2006 is 733 000. Of these, an
estimated 401 000 are male and 332 000 are female. This
estimate is derived by adding the first-listed inpatient
hospital discharges for MI (647 000) to those for UA
(86 000; NHDS, NCHS).


● When secondary discharge diagnoses in 2006 were included,
the corresponding number of inpatient hospital discharges was
1 365 000 unique hospitalizations for ACS; 765 000 were
male, and 600 000 were female. Of the total, 810 000 were for
MI alone, and 537 000 were for UA alone (18 000 hospital-
izations received both diagnoses; NHDS, NCHS).


Decisions about medical and interventional treatments are
based on specific findings noted when a patient presents with
ACS. Such patients are classified clinically into 1 of 3
categories, according to the presence or absence of ST-
segment elevation on the presenting ECG and abnormal
(“positive”) elevations of myocardial biomarkers such as
troponins as follows:


● STEMI
● NSTEMI
● UA


The percentage of ACS or MI cases with ST elevation
varies in different registries/databases and depends heavily on
the age of patients included and the type of surveillance used.
According to the National Registry of Myocardial Infarction
4 (NRMI-4), �29% of MI patients are STEMI patients.45 The
AHA Get With the Guidelines project found that 32% of the
MI patients in the CAD module are STEMI patients (personal
communication from AHA Get With the Guidelines staff,
October 1, 2007). The study of the Global Registry of Acute
Coronary Events (GRACE), which includes US patient pop-
ulations, found that 38% of ACS patients have STEMI,
whereas the second Euro Heart Survey on ACS (EHS-ACS-
II) reported that �47% of ACS patients have STEMI.46


● Analysis of data from the GRACE multinational observa-
tional cohort study of patients with ACS found evidence of
a change in practice for both pharmacological and inter-
ventional treatments in patients with either STEMI or
non–ST-segment– elevation ACS (NSTE ACS). These
changes have been accompanied by significant decreases in
the rates of in-hospital death, cardiogenic shock, and new
MI among patients with NSTE ACS. The use of evidence-
based therapies and PCI interventions increased in the
STEMI population. This increase was matched with a
statistically significant decrease in the rates of death,
cardiogenic shock, and HF or pulmonary edema.47


● A study of patients with NSTE ACS treated at 350 US
hospitals found that up to 25% of opportunities to provide
American College of Cardiology (ACC)/AHA guideline–
recommended care were missed in current practice. The
composite guideline adherence rate was significantly asso-
ciated with in-hospital mortality.48


● A study of hospital process performance in 350 centers of
nearly 65 000 patients enrolled in the CRUSADE (Can
Rapid Risk Stratification of Unstable Angina Patients
Suppress Adverse Outcomes With Early Implementation of
the ACC/AHA Guidelines) National Quality Improvement
Initiative found that ACC/AHA guideline–recommended
treatments were adhered to in 74% of eligible instances.48


Angina Pectoris
ICD-9 413; ICD-10 I20. See Table 4-2; and Chart 4-5.


Prevalence


● A study of 4 national cross-sectional health examination
studies found that among Americans 40 to 74 years of age,
the age-adjusted prevalence of AP was higher among
women than men. Increases in the prevalence of AP
occurred for Mexican American men and women and
African American women but were not statistically signif-
icant for the latter.49


Incidence


● Only 18% of coronary attacks are preceded by long-
standing AP (NHLBI computation of FHS follow-up since
1986).
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● The annual rates per 1000 population of new episodes of
AP for nonblack men are 28.3 for those 65 to 74 years of
age, 36.3 for those 75 to 84 years of age, and 33.0 for those
�85 years of age. For nonblack women in the same age
groups, the rates are 14.1, 20.0, and 22.9, respectively. For
black men, the rates are 22.4, 33.8, and 39.5, and for black
women, the rates are 15.3, 23.6, and 35.9, respectively
(CHS, NHLBI).7


● On the basis of 1987 to 2001 data from the ARIC study of
the NHLBI, the annual rates per 1000 population of new
episodes of AP for nonblack men are 8.5 for those 45 to 54
years of age, 11.9 for those 55 to 64 years of age, and 13.7
for those 65 to 74 years of age. For nonblack women in the
same age groups, the rates are 10.6, 11.2, and 13.1,
respectively. For black men, the rates are 11.8, 10.6, and
8.8, and for black women, the rates are 20.8, 19.3, and 10.0,
respectively.7


Mortality
A small number of deaths resulting from CHD are coded as
being due to AP. These are included as a portion of total
deaths from CHD.


Cost
For women with nonobstructive CHD enrolled in the Wom-
en’s Ischemia Syndrome Evaluation (WISE) study of the
NHLBI, the average lifetime cost estimate was �$770 000
and ranged from $1.0 to $1.1 million for women with
1-vessel to 3-vessel CHD.50
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Table 4-1. Coronary Heart Disease


Population Group
Prevalence, CHD,
2006 Age �20 y


Prevalence, MI,
2006 Age �20


y


New and Recurrent
MI and Fatal CHD,


Age �35 y
New and Recurrent


MI, Age �35 y
Mortality,* CHD,
2006, All Ages


Mortality,* MI,
2006, All


Ages
Hospital Discharges,
CHD, 2006, All Ages Cost, CHD, 2010


Both sexes 17 600 000 (7.9%) 8 500 000 (3.6%) 1 255 000 935 000 425 425 141 462 1 760 000 $177.1 Billion


Males 9 200 000 (9.1%) 5 000 000 (4.7%) 740 000 565 000 224 510 (52.8%)‡ 76 089 (53.8%)‡ 1 056 000 …


Females 8 400 000 (7.0%) 3 500 000 (2.6%) 515 000 370 000 200 915 (47.2%)‡ 65 373 (46.2%)‡ 704 000 …


NH white males 9.4% 5.1% 675 000§ … 196 396 66 946 … …


NH white females 6.9% 2.6% 445 000§ … 175 049 56 603 … …


NH black males 7.8% 3.6% 70 000§ … 22 713 7392 … …


NH black females 8.8% 2.9% 65 000§ … 21 817 7384 … …


Mexican American
males


5.3% 2.6% … … … … … …


Mexican American
females


6.6% 2.0% … … … … … …


Hispanic or Latino,† age
�18 y


5.7% … … … … … … …


Asian,† age �18 y 2.9% … … … … … … …


American Indian/ Alaska
Native,† age �18 y


6.6% … … … … … … …


NH indicates non-Hispanic.
CHD includes acute MI (I21, I22), other acute ischemic (coronary) heart disease (I24), AP (I20), atherosclerotic CVD (I25.0), and all other forms of ischemic CHD


(I25.1–I25.9). Ellipses indicate data not available. Sources: Prevalence: NHANES 2003–2006 (NCHS) and NHLBI. Percentages for racial/ethnic groups are age adjusted
for Americans �20 years of age. Age-specific percentages are extrapolated to the 2006 US population estimates. These data are based on self-reports. Incidence:
ARIC (1987–2004), NHLBI. Mortality: NCHS (these data represent underlying cause of death only). Hospital discharges: NHDS, NCHS (data include those inpatients
discharged alive, dead, or status unknown). Cost: NHLBI; data include estimated direct and indirect costs for 2009.


*Mortality data are for whites and blacks and include Hispanics.
†NHIS, NCHS 2008; data are weighted percentages for Americans �18 years of age.1


‡These percentages represent the portion of total CHD mortality that is for males vs females.
§Estimates include Hispanics and non-Hispanics. Estimates for whites include other nonblack races.


Table 4-2. Angina Pectoris


Population Group


Prevalence,
2006 Age


�20 y


Incidence
of Stable
AP, Age
�45 y


Hospital
Discharges,
2006,* All


Ages


Both sexes 10 200 000 (4.6%) 500 000 41 000


Males 4 700 000 (4.6%) 320 000 17 000


Females 5 500 000 (4.6%) 180 000 24 000


NH white males 4.7% … …


NH white females 4.5% … …


NH black males 4.0% … …


NH black females 5.4% … …


Mexican American males 2.9% … …


Mexican American females 4.8% … …


NH indicates non-Hispanic.
AP is chest pain or discomfort that results from insufficient blood flow to the


heart muscle. Stable AP is predictable chest pain on exertion or under mental
or emotional stress. The incidence estimate is for AP without MI. Ellipses
indicate data not available.


Sources: Prevalence: NHANES 2003–2006 (NCHS) and NHLBI; percentages
for racial/ethnic groups are age adjusted for Americans �20 years of age. The
prevalence of AP is based on responses to the Rose angina questionnaire and
the question, “Have you ever been told of having angina?” Estimates from
NHANES 2003–2006 (NCHS) were applied to 2006 population estimates (�20
years of age). Incidence: AP uncomplicated by an MI or with no MI (FHS 1980
to 2001–2003 of the original cohort and 1980 to 1998–2001 of the Offspring
Cohort, NHLBI). Hospital discharges: NHDS, NCHS; data include those inpatients
discharged alive, dead, or status unknown.


*There were 86 000 days of care for discharges with AP from short-stay
hospitals in 2006.
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Chart 4-1. Prevalence of CHD by age and sex (NHANES: 2003–2006). Source: NCHS and NHLBI.


Chart 4-2. Annual number of adults having diagnosed heart attack by age and sex (ARIC Surveillance: 1987–2004 and CHS:
1989–2004). These data include MI and fatal CHD but not silent MI. Source: NHLBI.


Chart 4-3. Annual rate of first heart attacks by age, sex, and race (ARIC Surveillance: 1987–2004). Source: NHLBI.
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Chart 4-4. Incidence of MI* by age, race, and sex (ARIC Surveillance, 1987–2004). *MI diagnosis by expert committee based on
review of hospital records. Source: Unpublished data from ARIC, NHLBI.


Chart 4-5. Incidence of AP* by age, race, and sex (FHS 1980–2002/2003). *AP uncomplicated based on physician interview of
patient. (Rate for women 45–54 years of age considered unreliable.) Source: NHLBI.7
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Chart 4-6. Estimated 10-year CHD risk in adults 55 years of age according to levels of various risk factors (Framingham Heart
Study). Source: Wilson et al.51


Chart 4-7. Hospital discharges for CHD by sex (United States: 1970–2006). Hospital discharges include people discharged alive,
dead, and status unknown. Source: NHDS/NCHS and NHLBI.
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Chart 4-8. Prevalence of low CHD risk, overall and by sex, ages 25 to 74 years (NHANES: 1971–2006). Source: Personal
communication with NHLBI, June 28, 2007. Low risk is defined as SBP �120 mm Hg and DBP �80 mm Hg; cholesterol �200 mg/dL;
BMI �25 kg/m2; currently not smoking cigarettes; and no prior MI or DM.


Heart Disease and Stroke Statistics—2010 Update: Chapter 4 e53


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





5. Stroke (Cerebrovascular Disease)


ICD-9 430 to 438, ICD-10 I60-I69. See Tables 5-1 and 5-2
and Charts 5-1 through 5-6.


Prevalence


● An estimated 6 400 000 Americans �20 years of age have
had a stroke (extrapolated to 2006 using NCHS/NHANES
2003 to 2006 data). Overall stroke prevalence during this
period is an estimated 2.9% (see Table 5-1).


● According to data from the 2005 BRFSS (CDC), 2.7% of
men and 2.5% of women �18 years of age had a history of
stroke. Among these, 2.3% were non-Hispanic white, 4.0%
were non-Hispanic black, 1.6% were Asian/Pacific Is-
lander, 2.6% were Hispanic (of any race), 6.0% were
American Indian/Alaska Native, and 4.6% were admixed.1


● Data from the 2008 survey of the CDC/BRFSS found that,
overall, 2.6% of respondents had been told that they had a
stroke. The highest prevalence was in Alabama and West
Virginia (4.2%) and the lowest was in Colorado (1.8%).2


● Among American Indians/Alaska Natives �18 years of
age, the estimated prevalence of stroke based on the 2008
NHIS was 3.9% (estimate considered unreliable). Among
blacks, the prevalence was 3.6%; among whites, it was
2.7%; and among Asians, it was 1.8% (NHIS, NCHS).3


● Among American Indians/Alaska Natives �18 years of
age, the estimated prevalence of stroke is considered
unreliable in available data sources.


● The prevalence of silent cerebral infarction between 55 and
64 years of age is �11%. This prevalence increases to 22%
between 65 and 69 years of age, 28% between 70 and 74
years of age, 32% between 75 and 79 years of age, 40%
between 80 and 85 years of age, and 43% at �85 years of
age. Application of these rates to 1998 US population
estimates results in an estimated 13 million people with
prevalent silent stroke.4,5


● The prevalence of stroke-related symptoms was found to be
relatively high in a general population free of a prior
diagnosis of stroke or transient ischemic attack. On the
basis of data from 18 462 participants enrolled in a national
cohort study, 17.8% of the population �45 years of age
reported at least 1 symptom. Stroke symptoms were more
likely among blacks than whites, among those with lower
income and lower educational attainment, and among those
with fair to poor perceived health status. Symptoms also
were more likely in participants with higher Framingham
Stroke Risk Score (REGARDS, NINDS).6


Incidence


● Each year, �795 000 people experience a new or recurrent
stroke. Approximately 610 000 of these are first attacks,
and 185 000 are recurrent attacks (GCNKSS, NINDS, and


Abbreviations Used in Chapter 5


AF atrial fibrillation


ADL activities of daily living


AHA American Heart Association


ARIC Atherosclerosis Risk in Communities study


BASIC Brain Attack Surveillance in Corpus Christi


BI Barthel Index


BMI body mass index


BP blood pressure


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHS Cardiovascular Health Study


CI confidence interval


CMS Center for Medicare and Medicaid Services


CVD cardiovascular disease


ED emergency department


FHS Framingham Heart Study


GCNKSS Greater Cincinnati/Northern Kentucky Stroke Study


HDL high-density lipoprotein


HERS Heart and Estrogen/progestin Replacement Study


HHP Honolulu Heart Program


ICD International Classification of Diseases


MI myocardial infarction


mm Hg millimeters of mercury


MRI magnetic resonance imaging


mRS modified Rankin Scale


NAMCS National Ambulatory Medical Care Survey


NASCET North American Symptomatic Carotid Endarterectomy


NCHS National Center for Health Statistics


NH non-Hispanic


NHAMCS National Hospital Ambulatory Medical Care Survey


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


NIHSS National Institutes of Health Stroke Scale


NINDS National Institutes of Neurological Disorders and Stroke


NOMAS Northern Manhattan Study


OR odds ratio


PA physical activity


REGARDS Reasons for Geographic and Racial Differences in Stroke study


RR relative risk


rtPA recombinant tissue plasminogen activator


SCI silent cerebral infarct


(Continued)


Abbreviations Used in Chapter 5, Continued


SIPP Survey of Income and Program Participation


STOP Stroke Prevention Trial in Sickle Cell Anemia


TIA transient ischemic attack


WASID Warfarin–Aspirin Symptomatic Intracranial Disease Trial


WEST Women’s Estrogen for Stroke Trial


WHI Women’s Health Initiative
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NHLBI; GCNKSS and NINDS data for 1999 provided July
9, 2008; estimates compiled by NHLBI). Of all strokes,
87% are ischemic, 10% are intracerebral hemorrhage, and
3% are subarachnoid hemorrhage strokes (GCNKSS,
NINDS, 1999).7


● On average, every 40 seconds, someone in the United
States has a stroke. (AHA computation based on latest
available data.).


● A study of nearly 18 000 middle-aged, predominantly
white male participants in the Physicians’ Health Study
found that the Southeast and Midwest had higher crude and
age-standardized major CVD, total stroke, ischemic stroke,
coronary revascularization, and CVD death incidence rates
compared with the Northeast.8


● Each year, �55 000 more women than men have a stroke
(GCNKSS, NINDS).


● The stroke incidence rate is higher for men compared with
women at younger ages, but not at older ages. The
male-to-female incidence ratio was 1.25 in those 55 to 64
years of age, 1.50 in those 65 to 74 years of age, 1.07 in
those 75 to 84 years of age, and 0.76 in those �85 years of
age (ARIC and CHS studies, NHLBI).7


● Data from the GCNKSS and NINDS show that the annual
incidence of first-ever hospitalized stroke did not change
significantly between 1993 to 1994 and 1999: 158 per
100 000 blacks continue to have a higher stroke incidence
than whites, especially among young adults.9


● Blacks have a risk of first-ever stroke that is almost twice
that of whites. The age-adjusted stroke incidence rates in
people 45 to 84 years of age are 6.6 per 1000 population in
black men, 3.6 in white men, 4.9 in black women, and 2.3
in white women (ARIC, NHLBI).7 On the basis of 1987 to
2001 data from the ARIC study sponsored by the NHLBI,
stroke/TIA incidence rates (per 1000 person-years) are 2.4
for white men 45 to 54 years of age, 6.1 for white men 55
to 64 years of age, and 12.2 for white men 65 to 74 years
of age. For white women in the same age groups, the rates
are 2.4, 4.8, and 9.8, respectively. For black men in the
same age groups, the rates are 9.7, 13.1, and 16.2, and for
black women, the rates are 7.2, 10.0, and 15.0, respectively.7


● National statistics from death certificate data have long
shown an increase in deaths attributed to stroke for blacks
because of a higher stroke incidence compared with whites,
although the case-fatality rate is similar between the 2
racial groups. Blacks �55 years of age seem to be at
particularly high risk (2- to 5-fold higher than age-matched
white subjects), but in elderly ages, this racial disparity is
attenuated. This racial disparity in stroke incidence does
not seem to be changing over time. Community socioeco-
nomic status appeared to explain 39% of the excess stroke
incidence risk in blacks in this study.10


● The Brain Attack Surveillance in Corpus Christi (BASIC,
NINDS) demonstrated an increased incidence of stroke
among Mexican Americans compared with non-Hispanic
whites in this community. The crude cumulative incidence
was 168 per 10 000 in Mexican Americans and 136 per
10 000 in non-Hispanic whites. Specifically, Mexican
Americans have a higher cumulative incidence for ische-
mic stroke at younger ages (45 to 59 years of age: relative


risk [RR] 2.04; 95% CI, 1.55 to 2.69; 60 to 74 years of age:
RR 1.58; 95% CI, 1.31 to 1.91), but not at older ages (�75
years of age: RR 1.12; 95% CI, 0.94 to 1.32). Mexican
Americans also have a higher incidence of intracerebral
hemorrhage and subarachnoid hemorrhage than non-
Hispanic whites, adjusted for age, as well as a higher
incidence of ischemic stroke and TIA at younger ages than
non-Hispanic whites.11


● Among 4507 American Indian participants without a prior
stroke in the Strong Heart Study in 1989 to 1992, the age-
and sex-adjusted incidence of stroke through 2004 was
6.79 per 100 person-years, with 86% of incident strokes
being ischemic.12


● The age-adjusted incidence of first ischemic stroke per
100 000 was 88 in whites, 191 in blacks, and 149 in
Hispanics, according to data from the Northern Manhattan
Study (NOMAS, NINDS). Among blacks, compared with
whites, the relative rate of intracranial atherosclerotic
stroke was 5.85; extracranial atherosclerotic stroke, 3.18;
lacunar stroke, 3.09; and cardioembolic stroke, 1.58.
Among Hispanics (primarily Cuban and Puerto Rican),
compared with whites, the relative rate of intracranial
atherosclerotic stroke was 5.00; extracranial atherosclerotic
stroke, 1.71; lacunar stroke, 2.32; and cardioembolic
stroke, 1.42.13


● Analysis of data from the FHS study of the NHLBI, from
1950 to 1977, 1978 to 1989, and 1990 to 2004, showed that
the age-adjusted incidence of first stroke per 1000 person-
years in each of the 3 periods was 7.6, 6.2, and 5.3 in men
and 6.2, 5.8, and 5.1 in women, respectively. Lifetime risk
at 65 years of age decreased significantly, from 19.5% to
14.5% in men and from 18.0% to 16.1% in women.
Age-adjusted stroke severity did not vary across periods;
however, 30-day mortality rate decreased significantly in
men (from 23% to 14%), but not in women (from 21% to
20%).14


● Analysis of black and white patients in the WASID trial
found that blacks were significantly more likely to have an
ischemic stroke, brain hemorrhage or vascular death, or
ischemic stroke alone than whites.15


● A review of published studies and data from clinical trials
found that hospital admissions for intracerebral hemor-
rhage have increased by 18% in the past 10 years, probably
because of increases in elderly people, many of whom lack
adequate blood pressure control, and the increasing use of
anticoagulants, thrombolytics, and antiplatelet agents.
Mexican Americans, Latin Americans, African Americans,
Native Americans, Japanese people, and Chinese people
have higher incidences than do white Americans.16


Transient Ischemic Attack


● The prevalence of transient ischemic attack (TIA)—a
temporary episode of neurologic dysfunction caused by
reduced blood flow to the brain, spinal cord, or retina,
without permanent death of brain tissue—increases signif-
icantly with older age.17


● The incidence of TIA in the United States has been
estimated to be �200 000 to 500 000 per year, with a
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population prevalence of 2.3%, which translates into �5
million people.18


● Approximately half of all patients who experience a TIA
fail to report it to their healthcare providers.19


● Approximately 15% of all strokes are heralded by a TIA.17


● One third of episodes characterized as TIAs according to
the classic definition (ie, focal neurological deficits that
resolve within 24 hours) would be considered infarctions
on the basis of diffusion-weighted magnetic resonance
imaging findings.20


● In population-based studies, the age- and gender-adjusted
incidence rates for TIA range from 68.2 to 83.0 per
100 000. Men and blacks have higher rates of TIA.21,22


● After TIA, the 90-day risk of stroke is 3.0% to 17.3% and
is highest within the first 30 days, with half occurring
within the first 48 hours after a TIA.22–25


● Within 1 year of TIA, up to one fourth of patients will
die.22,26


● Individuals who have a TIA have a 10-year stroke risk of
18.8% and a combined 10-year stroke, MI, or vascular
death risk of 42.8% (4%/year).27


● In the North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) study, patients with a first-ever
hemispheric TIA had a 90-day stroke risk of 20.1%. The
risk of stroke after TIA exceeded the risk after hemispheric
stroke.28


Mortality


● On average, every 4 minutes, someone dies of a stroke
(NCHS, NHLBI).


● Stroke accounted for �1 of every 18 deaths in the United
States in 2006. Approximately 53% of stroke deaths in
2006 occurred out of the hospital.29 Stroke mortality in
2006 was 137 119; any-mention mortality in 2006 was
�232 000 (NHLBI; NCHS public use data files).30


● Preliminary stroke mortality in 2007 was 133 990, and the
preliminary death rate was 41.6.31


● When considered separately from other CVDs, stroke ranks
No. 3 among all causes of death, behind diseases of the
heart and cancer (NCHS mortality data).


● Among persons 45 to 64 years of age, 8% to 12% of
ischemic strokes and 37% to 38% of hemorrhagic strokes
result in death within 30 days, according to the ARIC study
of the NHLBI.32


● In a study of persons �65 years of age recruited from a
random sample of Health Care Financing Administration
Medicare Part B eligibility lists in 4 US communities, the
1-month case fatality rate was 12.6% for all strokes, 8.1%
for ischemic strokes, and 44.6% for hemorrhagic strokes.33


● From 1996 to 2006, the annual stroke death rate decreased
33.5%, and the actual number of stroke deaths declined
18.4%.(Appropriate comparability ratios were applied).30


● Conclusions about changes in stroke death rates from 1980
to 2005:


— There was a greater decline in stroke death rates in men
than in women, with a male-to-female ratio decreasing
from 1.11 to 1.03 (age adjusted).


— There were greater declines in stroke death rates at �65
years of age in men than in women compared with
younger ages.30


● More women than men die of stroke each year due to the
larger number of elderly women. Women accounted for
60.6% of US stroke deaths in 2006. (AHA computation).


● The 2006 overall death rate for stroke was 43.6 per
100 000. Death rates were 41.7 for white males, 67.1 for
black males, 41.1 for white females, and 57.0 for black
females.30


● In 2006, death rates for stroke were 35.9 for Hispanic or
Latino males and 32.3 for females, 39.8 for Asian or
Pacific Islander males and 34.9 for females, and 25.8 for
American Indian/Alaska Native males and 30.9 for
females.34


● From 1995 to 1998, age-standardized mortality rates for
ischemic stroke, subarachnoid hemorrhage, and intracere-
bral hemorrhage were higher among blacks than whites.
Death rates from intracerebral hemorrhage also were higher
among Asians/Pacific Islanders than among whites. All
minority populations had higher death rates from subarach-
noid hemorrhage than did whites. Among adults 25 to 44
years of age, blacks and American Indians/Alaska Natives
had higher risk ratios than did whites for all 3 stroke
subtypes.35


● In 2002, death certificate data showed that the mean age at
stroke death was 79.6 years; however, males had a younger
mean age at stroke death than females. Blacks, American
Indians/Alaska Natives, and Asians/Pacific Islanders had
younger mean ages than whites, and the mean age at stroke
death was also younger among Hispanics than
non-Hispanics.36


● Age-adjusted stroke mortality rates began to level off in the
1980s and stabilized in the 1990s for both men and women,
according to the Minnesota Heart Study. Women had lower
rates of stroke mortality than did men throughout the
period. Some of the improvement in stroke mortality may
be the result of improved acute stroke care, but most is
thought to be the result of improved detection and treat-
ment of hypertension.37


● A report released by the CDC in collaboration with the
Centers for Medicare and Medicaid Services (CMS), the
Atlas of Stroke Hospitalizations Among Medicare Benefi-
ciaries, found that in Medicare beneficiaries, 30-day mor-
tality rate varied by age: 9% in patients 65 to 74 years of
age, 13.1% in those 74 to 84 years of age, and 23% in those
�85 years of age.38


Stroke Risk Factors
(See Table 5-2 for data on modifiable stroke risk factors.)


● TIAs confer a substantial short-term risk of stroke, hospi-
talization for CVD events, and death. Of 1707 TIA patients
evaluated in the ED of Kaiser Permanente Northern Cali-
fornia, a large integrated healthcare delivery system, 180
(10%) experienced a stroke within 90 days. Ninety-one
patients (5%) had a stroke within 2 days. Predictors of
stroke included age �60 years, diabetes mellitus, focal
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symptoms of weakness or speech impairment, and TIA that
lasted �10 minutes.39


● BP is a powerful determinant of risk for both ischemic
stroke and intercranial hemorrhage. Subjects with BP
�120/80 mm Hg have approximately half the lifetime risk
of stroke of subjects with hypertension.


● AF is a powerful risk factor for stroke, independently
increasing risk �5-fold throughout all ages. The percent-
age of strokes attributable to AF increases steeply from
1.5% at 50 to 59 years of age to 23.5% at 80 to 89 years of
age.40,41


● The risk of ischemic stroke associated with current ciga-
rette smoking has been shown to be approximately double
that of nonsmokers after adjustment for other risk factors
(FHS, CHS, HHP, NHLBI).


● Age-specific incidence rates and rate ratios show that
diabetes increases ischemic stroke incidence at all ages, but
this risk is most prominent before 55 years of age in blacks
and before 65 years of age in whites.42


● In a recent ARIC/NHLBI study of a biracial population 45
to 64 years of age, with an average follow-up of 13.4 years,
researchers found that blacks had a 3-fold higher multivar-
iate-adjusted risk ratio of lacunar stroke than whites. In this
middle-aged population, the top 3 risk factors based on the
population-attributable fraction for lacunar stroke were
hypertension (population-attributable fraction, 33.9%), di-
abetes mellitus (26.3%), and current smoking (22.0%).43


● In the Framingham Offspring Study, 2040 individuals free
of clinical stroke had an MRI scan to detect silent cerebral
infarct (SCI). Prevalent SCI was associated with the Fra-
mingham Stroke Risk Profile score (OR, 1.27; 95% CI,
1.10 to 1.46), hypertension (OR, 1.56; 95% CI, 1.15 to
2.11), elevated plasma homocysteine (OR, 2.23; 95% CI,
1.42 to 3.51), AF (OR, 2.16; 95% CI, 1.07 to 4.40), carotid
stenosis �25% (OR, 1.62; 95% CI, 1.13 to 2.34), and
increased carotid intimal-medial thickness (OR, 1.65; 95%
CI, 1.22 to 2.24).44


● In the FHS of the NHLBI, in participants �65 years of age,
the risk of developing stroke/TIA was 4.2-fold higher in
those with symptoms of depression. After adjustment for
components of the Framingham Stroke Risk Profile and
education, similar results were obtained. In subjects �65
years of age, use of antidepressant medications did not alter
the risk associated with depressive symptoms. Identifica-
tion of depressive symptoms at younger ages may have an
impact on the primary prevention of stroke.45


● Data from the HHP/NHLBI found that in Japanese men 71
to 93 years of age, low concentrations of high-density
lipoprotein (HDL) cholesterol were more likely to be
associated with a future risk of thromboembolic stroke than
were high concentrations.46


Female Sex as a Risk Factor for Stroke


● Analysis of NHANES 1999 to 2004 data found that women
45 to 54 years of age are more than twice as likely as men
to have suffered a stroke. Women in the 45- to 54-year age
group had a �4-fold higher likelihood of having had a
stroke than women 35 to 44 years of age.47


● Stroke is a major health issue for women, particularly for
postmenopausal women, which raises the question of
whether increased incidence is due to aging or to hormone
status and whether hormone therapy affects risk.48


● Among postmenopausal women who were generally
healthy, the Women’s Health Initiative (WHI), a random-
ized trial of 16 608 women (95% of whom had no preex-
isting CVD), found that estrogen plus progestin increased
ischemic stroke risk by 44%, with no effect on hemorrhagic
stroke. The excess risk was apparent in all age groups, in all
categories of baseline stroke risk, and in women with and
without hypertension or prior history of CVD.49


● In the WHI trial, among 10 739 women with hysterectomy,
it was found that conjugate equine estrogen alone increased
the risk of ischemic stroke by 55% and that there was no
significant effect on hemorrhagic stroke. The excess risk of
total stroke conferred by estrogen alone was 12 additional
strokes per 10 000 person-years.50


● In postmenopausal women with known CHD, the Heart
and Estrogen/Progestin Replacement Study (HERS), a
secondary CHD prevention trial, found that a combination
of estrogen plus progestin (conjugated equine estrogen
[0.625 mg] and medroxyprogesterone acetate [2.5 mg])
hormone therapy did not reduce stroke risk.51


● The Women’s Estrogen for Stroke Trial (WEST) found that
estrogen alone (1 mg of 17�-estradiol) in women with a
mean age of 71 years also had no significant overall effect
on recurrent stroke or fatality, but there was an increased
rate of fatal stroke and an early increase in overall stroke
rate in the first 6 months of therapy.52


● Overall, randomized clinical trial data indicate that the use
of estrogen plus progestin, as well as estrogen alone,
increases stroke risk in postmenopausal, generally healthy
women and provides no protection for women with estab-
lished heart disease.49,53


● An observational study of �37 000 women �45 years of
age participating in the Women’s Health Study suggests
that a healthy lifestyle that consists of abstinence from
smoking, low BMI, moderate alcohol consumption, regular
exercise, and a healthy diet was associated with a signifi-
cantly reduced risk of total and ischemic stroke, but not of
hemorrhagic stroke.54


● Analysis of data from the FHS found that women with
menopause at 42 to 54 years of age and at �55 years of age
had lower stroke risk compared with those with menopause
�42 years of age, even after adjustment for potential
confounders. Women with menopause before 42 years of
age had twice the stroke risk compared with all other
women in different age groups.55


Pregnancy as a Risk Factor for Stroke


● The risk of ischemic stroke or intracerebral hemorrhage
during pregnancy and the first 6 weeks postpartum was 2.4
times greater than for nonpregnant women of similar age
and race, according to the Baltimore-Washington Cooper-
ative Young Stroke Study. The risk of ischemic stroke
during pregnancy was not increased during pregnancy per
se but was increased 8.7-fold during the 6 weeks postpar-
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tum. Intracerebral hemorrhage showed a small RR of 2.5
during pregnancy but increased dramatically to an RR of
28.3 in the 6 weeks postpartum. The excess risk of stroke
(all types except subarachnoid hemorrhage) attributable to
the combined pregnancy/postpregnancy period was 8.1 per
100 000 pregnancies.56


● In the US Nationwide Inpatient Sample from 2000 to 2001,
the rate of events per 100 000 pregnancies was 9.2 for
ischemic stroke, 8.5 for intracerebral hemorrhage, 0.6 for
cerebral venous thrombosis, and 15.9 for the ill-defined
category of pregnancy-related cerebrovascular events, for a
total rate of 34.2 per 100 000, not including subarachnoid
hemorrhage. The risk was increased in blacks and among
older women. Death occurred during hospitalization in
4.1% of women with these events and in 22% of survivors
after discharge to a facility other than home.57


Physical Inactivity as a Risk Factor for Stroke


● Higher levels of PA are associated with lower stroke risk.
Results from the Physicians’ Health Study showed a 14%
lower RR of stroke associated with vigorous exercise
(exercise �5 times per week) among men.58 The Harvard
Alumni Study showed that men who were highly physi-
cally active had an 18% lower RR of total stroke.59 More
recently, a clear inverse relationship between stroke inci-
dence and increasing levels of combined work and leisure
activity was shown in the EPIC-Norfolk study of 22 602
men and women, with a nearly 40% RR reduction in the
most active category. In sex-stratified analysis, the trend
was not significant in women.60


● For women in the Nurses’ Health Study, RRs for total
stroke from the lowest to the highest PA levels were 1.00,
0.98, 0.82, 0.74, and 0.66, respectively.61


● NOMAS (NINDS), which included white, black, and
Hispanic men and women in an urban setting, showed a
decrease in ischemic stroke risk associated with PA levels
across all racial/ethnic and age groups and for each gender
(OR 0.37).62


● PA—whether in sports, during leisure time, or at work—
was related to lower risk of ischemic stroke during
follow-up of the ARIC/NHLBI cohort.63


● A meta-analysis including 31 observational studies con-
ducted mainly in the United States and Europe found that
moderate and high levels of leisure-time and occupational
PA was associated with lower risks of total stroke, hemor-
rhagic stroke, and ischemic stroke.64


Awareness of Stroke Warning Signs and
Risk Factors


● In the 2005 BRFSS among respondents in 14 states, 38.1%
were aware of 5 stroke warning symptoms and would first
call 9-1-1 if they thought that someone was having a heart
attack or stroke. Awareness of all 5 stroke warning symp-
toms and calling 9-1-1 was higher among whites versus
blacks and Hispanics (41.3%, 29.5%, and 26.8% respec-
tively), women versus men (41.5% versus 34.5%), and


persons with higher versus lower educational attainment
(47.6% for persons with a college degree or more versus
22.5% for those who had not received a high school
diploma). Among states, the same measure ranged from
27.9% (Oklahoma) to 49.7% (Minnesota).65


● A study was conducted of patients admitted to an ED with
possible stroke to determine their knowledge of the signs,
symptoms, and risk factors of stroke. Of the 163 patients
able to respond, 39% did not know a single sign or
symptom. Patients �65 years of age were less likely than
those �65 years old to know a sign or symptom of stroke
(28% versus 47%), and 43% did not know a single risk
factor. Overall, almost 40% of patients did not know the
signs, symptoms, and risk factors of stroke.66


● A study of �2100 respondents to a random-digit telephone
survey in Cincinnati, Ohio, in 2000 showed that 70% of
respondents correctly named at least 1 established stroke
warning sign (versus 57% in 1995), and 72% correctly
named at least 1 established risk factor (versus 68% in
1995).67,68 In the 1995 survey,68 respondents �75 years of
age were less likely to correctly list 1 warning sign and to
list 1 risk factor.


● Among patients recruited from the Academic Medical
Center Consortium, the CHS, and United HealthCare, only
41% were aware of their increased risk for stroke. Approx-
imately 74% recalled being told of their increased stroke
risk by a physician, compared with 28% who did not recall
this. Younger patients, depressed patients, those in poor
current health, and those with a history of TIA were most
likely to be aware of their risk.69


● An AHA-sponsored random-digit dialing telephone survey
was conducted in mid-2003. Only 26% of women �65
years of age reported being well informed about stroke.
Correct identification of the warning signs of stroke was
low among all age and racial/ethnic groups.70


● Among participants in a study by the National Stroke
Association, 2.3% reported having been told by a physician
that they had had a TIA. Of those with a TIA, only 64%
saw a physician within 24 hours of the event, only 8.2%
correctly related the definition of TIA, and 8.6% could
identify a typical symptom. Men, persons of color, and
those with lower income and fewer years of education were
less likely to be knowledgeable about TIA.21


● Insufficient awareness persists in the general medical
community with regard to risk factors, warning signs, and
prevention strategies for stroke. A survey of 308 internal
medicine residency programs showed that only 46% re-
quired the study of neurology, whereas 97% required the
study of cardiology. Under-representation of neurology
training in internal medicine residency programs may lead
to an under-recognition of stroke signs and symptoms by
physicians and affect stroke outcome.71


● In 2004, 800 adults �45 years of age were surveyed to
assess their perceived risk for stroke and their history of
stroke risk factors. Overall, 39% perceived themselves to
be at risk. Younger age, current smoking, a history of
diabetes, high BP, high cholesterol, heart disease, and
stroke/TIA were independently associated with perceived
risk for stroke. Respondents with AF were no more likely
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to report being at risk than were respondents without AF.
Perceived risk for stroke increased as the number of risk
factors increased; however, 46% of those with �3 risk
factors did not perceive themselves to be at risk.72


● A study of patients who have had a stroke found that only
60.5% were able to accurately identify 1 stroke risk factor
and that 55.3% were able to identify 1 stroke symptom.
Patients’ median delay time from onset of symptoms to
admission in the ED was 16 hours, and only 31.6%
accessed the ED in �2 hours. Analysis showed that the
appearance of nonmotor symptoms as the primary symp-
tom and nonuse of the 9-1-1 system were significant
predictors of delay �2 hours. Someone other than the
patient made the decision to seek treatment in 66% of the
cases.73


● Spanish-speaking Hispanics are far less likely to know all
heart attack symptoms and less likely to know all stroke
symptoms than English-speaking Hispanics, non-Hispanic
blacks, and non-Hispanic whites. Lack of English profi-
ciency is strongly associated with lack of heart attack and
stroke knowledge among Hispanics.74


● In the Reasons for Geographic and Racial Differences in
Stroke Study (REGARDS/NINDS), black participants
were more aware than whites of their hypertension and
more likely to be undergoing treatment if aware of their
diagnosis, but among those treated for hypertension, they
were less likely than whites to have their BP controlled.
There was no evidence of a difference between the “stroke
belt” and other regions in awareness of hypertension, but
there was a trend for better treatment and BP control in the
stroke belt region. The lack of substantial geographic
differences in hypertension awareness and the trend toward
better treatment and control in the stroke belt suggest that
differences in hypertension management may not be a
major contributor to the geographic disparity in stroke
mortality.75


Aftermath
Stroke is a leading cause of serious, long-term disability in
the United States (Survey of Income and Program Participa-
tion [SIPP], a survey of the US Bureau of the Census).76


● Data from the BRFSS (CDC) 2005 survey on stroke
survivors in 21 states and the District of Columbia found
that 30.7% of stroke survivors received outpatient rehabil-
itation. The findings indicated that the prevalence of stroke
survivors receiving outpatient stroke rehabilitation was
lower than would be expected if clinical practice guideline
recommendations for all stroke patients had been followed.
Increasing the number of stroke survivors who receive
needed outpatient rehabilitation might lead to better func-
tional status and quality of life in this population.77


● On the basis of pooled data from the FHS, ARIC, and CHS
studies of the NHLBI:


— The proportions of patients dead 1 year after a first
stroke were as follows:


E At �40 years of age: 21% of men and 24% of
women.


E At 40 to 69 years of age: 14% of white men, 20% of
white women, 19% of black men, and 19% of black
women.


E At �70 years of age: 24% of white men, 27% of
white women, 25% of black men, and 22% of black
women.


— The proportions of patients dead within 5 years after a
first stroke were as follows:
E At �40 years of age: 47% of men and 51% of


women.
E At 40 to 69 years of age: 32% of white men, 32% of


white women, 34% of black men, and 42% of black
women.


E At �70 years of age: 58% of white men, 58% of
white women, 49% of black men, and 54% of black
women.


— Of those who have a first stroke, the proportions with a
recurrent stroke in 5 years were as follows:
E At 40 to 69 years of age: 13% of men and 22% of


women.
E At �70 years of age: 23% of men and 28% of


women.
E At 40 to 69 years of age: 15% of white men, 17% of


white women, 10% of black men, and 27% of black
women.


E At �70 years of age: 23% of white men, 27% of
white women, 16% of black men, and 32% of black
women.


— The median survival times after a first stroke were:
E At 60 to 69 years of age: 6.8 years for men and 7.4


years for women.
E At 70 to 79 years of age: 5.4 years for men and 6.4


years for women.
E At �80 years of age: 1.8 years for men and 3.1 years


for women.
● The length of time to recover from a stroke depends on its


severity. Between 50% and 70% of stroke survivors regain
functional independence, but 15% to 30% are permanently
disabled, and 20% require institutional care at 3 months
after onset.78


● In the NHLBI’s FHS, among ischemic stroke survivors
who were �65 years of age, these disabilities were ob-
served at 6 months after stroke79:


— 50% had some hemiparesis.
— 30% were unable to walk without some assistance.
— 26% were dependent in ADL.
— 19% had aphasia.
— 35% had depressive symptoms.
— 26% were institutionalized in a nursing home.


● Black stroke survivors had greater activity limitations than
did white stroke survivors, according to data from the
NHIS (2000 to 2001, NCHS) as analyzed by the CDC.80


● After stroke, women have greater disability than men. A
Michigan-based stroke registry found that 33% of women
had moderate to severe disability (mRS �4) at discharge,
compared with 27% of men. In a study of 108 stroke
survivors from FHS, 34% of women were disabled at 6
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months (BI �60), compared with 16% of men. In the
Kansas City Stroke Study, women had a 30% lower
probability of achieving independence (BI �95) by 6
months compared with men. In the Michigan registry,
women had a 63% lower probability of achieving ADL
independence (BI �95) 3 months after discharge.81–84


Hospital Discharges/Ambulatory Care Visits


● From 1996 to 2006, the number of inpatient discharges
from short-stay hospitals with stroke as the first listed
diagnosis declined from 956 000 to 889 000 (NHDS,
NCHS). The decrease was observed in men and women
�65 years of age.85


● In 2005, there was a hospitalization rate of 77.3 stays per
10 000 persons �45 years of age for cerebrovascular
disease. There has been a decline in the hospitalization rate
for different types of cerebrovascular disease between 1997
and 2005, with the exception of hemorrhagic stroke.
Between 1997 and 2005, the hospitalization rate for ische-
mic stroke decreased by 34%, from 54.4 to 35.9 stays per
10 000 persons. The hospitalization rate for transient cere-
bral ischemia also decreased �23% during this period.
Similarly, the hospitalization rate for occlusion or stenosis
of precerebral arteries steadily decreased by 30% between
1997 and 2005, from 18.4 to 12.8 stays per 10 000 persons.
In contrast, the hospitalization rate for hemorrhagic stroke
remained relatively stable during this period.86


● Data from 2006 from the Hospital Discharge Survey of the
NCHS showed that the average length of stay for dis-
charges with stroke as the first-listed diagnosis was 4.9
days.87


● In 2007, the number of ambulatory care visits with stroke
as the first-listed diagnosis was 3 764 000 (NAMCS,
NHAMCS/NCHS).88


● In 2003, men and women accounted for roughly the same
number of hospital stays for stroke in the 18- to 44-year age
group. After 65 years of age, women were the majority.
Among persons 65 to 84 years of age, 54.5% of stroke
patients were women, whereas among the oldest age group,
women constituted 69.7% of all stroke patients.89


● A first-ever county-level Atlas of Stroke Hospitalizations
Among Medicare Beneficiaries was released in 2008 by the
CDC in collaboration with the Centers for Medicare and
Medicaid Services. It found that the stroke hospitalization
rate for blacks was 27% higher than for the US population
in general, 30% higher than for whites, and 36% higher
than for Hispanics. In contrast to whites and Hispanics, the
highest percentage of strokes in blacks (42.3%) occurred in
the youngest age group (65 to 74 years of age).38


Stroke in Children
Stroke in children peaks in the perinatal period. In the
NHDS/NCHS, from 1980 to 1998, the rate of stroke for
infants �30 days old (per 100 000 live births per year) was
26.4, with rates of 6.7 for hemorrhagic stroke and 17.8 for
ischemic stroke.90


● A history of infertility, preeclampsia, prolonged rupture of
membranes, and chorioamnionitis were found to be inde-
pendent risk factors for radiologically confirmed perinatal
arterial ischemic stroke in Kaiser Permanente of Northern
California, a large integrated healthcare delivery system.
The RR of perinatal stroke increased �25-fold, with an
absolute risk of 1 per 200 deliveries, when �3 of the
following antenatally determined risk factors were present:
infertility, preeclampsia, chorioamnionitis, prolonged rup-
ture of membranes, primiparity, oligohydramnios, de-
creased fetal movement, prolonged second stage of labor,
and fetal heart rate abnormalities.91


● The overall incidence rate of all strokes in children �15
years of age was 6.4 per 100 000 in 1999, a nonsignificant
increase compared with 1988. The 30-day case fatality
rates were 18% in 1988 to 1989, 9% in 1993 to 1994, and
9% in 1999. The incidence of stroke in children has been
stable over the past 10 years. The previously reported
nationwide decrease in overall stroke mortality in children
might be due to decreasing case fatality after stroke and not
decreasing stroke incidence. It was conservatively esti-
mated that �3000 children and adults �20 years of age had
a stroke in the United States in 2004.92


● Stroke in childhood and young adulthood has a dispropor-
tionate impact on the affected patients, their families, and
society compared with stroke at older ages. Outcome of
childhood stroke was a moderate or severe deficit in 42%
of cases.93


● Boys have a 1.28-fold higher risk of stroke and a higher
case-fatality rate for ischemic stroke than girls. Compared
with the stroke risk of white children, black children have
a higher RR of 2.12, Hispanics have a lower RR of 0.76,
and Asians have a similar risk. The increased risk among
blacks is not fully explained by the presence of sickle cell
disease, nor is the excess risk among boys fully explained
by trauma.94


● Despite current treatment, 1 of 10 children with ischemic
stroke will have a recurrence within 5 years.95


● Cerebrovascular disorders are among the top 10 causes of
death in children, with rates highest in the first year of life.
Stroke mortality in children �1 year of age has remained
the same over the past 40 years.96


● From 1979 to 1998 in the United States, childhood mor-
tality resulting from stroke declined by 58% overall, with
reductions in all major subtypes.97


— Ischemic stroke decreased by 19%, subarachnoid hem-
orrhage by 79%, and intracerebral hemorrhage by 54%.


— Black ethnicity was a risk factor for death resulting
from all stroke types.


— Male sex was a risk factor for death caused by sub-
arachnoid hemorrhage and intracerebral hemorrhage,
but not for death resulting from ischemic stroke.


● Sickle cell disease is the most important cause of ischemic
stroke among black children. The Stroke Prevention Trial
in Sickle Cell Anemia (STOP) demonstrated the efficacy of
blood transfusions for primary stroke prevention in high-
risk children with sickle cell disease in 1998. First-
admission rates for stroke in California among persons


e60 Circulation January 26, 2010


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





�20 years of age with sickle cell disease showed a
dramatic decline subsequent to the publication of the STOP
study. For the study years 1991 to 1998, 93 children with
sickle cell disease were admitted to California hospitals
with a first stroke; 92.5% of these strokes were ischemic,
and 7.5% were hemorrhagic. The first-stroke rate was 0.88
per 100 person-years during 1991 to 1998 compared with
0.50 in 1999 and 0.17 in 2000 (P�0.005 for trend).98


Access to Stroke Care


● In 2008, there were 322 diplomates receiving initial certi-
fication in Vascular Neurology by the American Board of
Psychiatry and Neurology.99


● A 2004 survey conducted by the American Academy of
Neurology revealed that 40% of the 6298 US neurologists
responding considered cerebrovascular disease a focus
practice area.100


● In 2002, �21% of US counties did not have a hospital,
31% lacked a hospital with an ED, and 77% did not have
a hospital with neurological services.101


● The median time from stroke onset to arrival in an ED is
between 3 and 6 hours, according to a study of at least 48
unique reports of prehospital delay time for patients with
stroke, TIA, or stroke-like symptoms. The study included
data from 17 countries, including the United States. Im-
proved clinical outcome at 3 months was seen for patients
with acute ischemic stroke when intravenous thrombolytic
treatment was started within 3 hours of symptom onset.102


● Of patients with ischemic stroke in the California Acute
Stroke Pilot Registry, 23.5% arrived at the ED within 3
hours of symptom onset, and 4.3% received thrombolysis.
If all patients had called 9-1-1 immediately, the expected
overall rate of thrombolytic treatment within 3 hours would
have increased to 28.6%. If all patients with known onset
had arrived within 1 hour and had been optimally treated,
57% could have received thrombolytic treatment.103


● Data from the Paul Coverdell National Acute Stroke
Registry were analyzed from the 142 hospitals that partic-
ipated in the 4 registry states. Among the �17 600 patients
in the study, 66.1% were �65 years of age. Women were
older than men, and whites were older than blacks. Ische-
mic stroke (65%) was the most common subtype, followed
by TIA (24%) and hemorrhagic stroke (9.7%). More
patients were transported by ambulance than by other
means (43.6%). Time of stroke symptom onset was rec-
orded for 44.8% of the patients. Among these patients, 48%
arrived at the ED within 2 hours of symptom onset.
Significantly fewer blacks (42.4%) arrived within 2 hours
of symptom onset than did whites (49.5%), and signifi-
cantly fewer nonambulance patients (36.2%) arrived within
2 hours of symptom onset than did patients transported by
ambulance (58.6%). The median arrival time for all pa-
tients with known time of onset was 2.0 hours. Sixty-five
percent of patients who arrived at the ED within 2 hours of
onset received imaging within 1 hour of ED arrival.
Significantly fewer women (62%) received imaging within
1 hour of ED arrival than men.104


● Patients with a discharge diagnosis of ischemic stroke were
identified in 7 California hospitals participating in the
California Acute Stroke Pilot Registry. Six points of care
were tracked: thrombolysis, receipt of antithrombotic med-
ications within 48 hours, prophylaxis for deep vein throm-
bosis, smoking cessation counseling, and prescription of
lipid-lowering and antithrombotic medications at dis-
charge. Overall, rates of optimal treatment improved for
patients treated in year 2 versus year 1, with 63% receiving
a perfect score in year 2 versus 44% in year 1. Rates
improved significantly in 4 of the 6 hospitals and for 4 of
the 6 interventions. A seventh hospital that participated in
the registry but did not implement standardized orders
showed no improvement in optimal treatment.105


● A population-based study performed in a biracial popula-
tion of 1.3 million in Ohio in 1993 and 1994 showed that
8% of all ischemic stroke patients presented to an ED
within 3 hours and met other eligibility criteria for treat-
ment with recombinant tissue plasminogen activator
(rtPA). Even if time were not an exclusion criterion for use
of rtPA, only 29% of all ischemic strokes in the population
would have otherwise been eligible for rtPA.106


Operations and Procedures
In 2006, an estimated 99 000 inpatient endarterectomy pro-
cedures were performed in the United States. Carotid endar-
terectomy is the most frequently performed surgical proce-
dure to prevent stroke. (NHDS, NCHS)


Cost
The estimated direct and indirect cost of stroke for 2010 is
$73.7 billion.


● In 2006, $3.9 billion ($7449 per discharge) was paid to
Medicare beneficiaries discharged from short-stay hospi-
tals for stroke.107


● The mean lifetime cost of ischemic stroke in the United
States is estimated at $140 048. This includes inpatient
care, rehabilitation, and follow-up care necessary for last-
ing deficits. (All numbers were converted to 1999 dollars
by use of the medical component of the Consumer Price
Index.)108


● In a study of stroke costs within 30 days of an acute event
between 1987 to 1989 in the Rochester Stroke Study, the
average cost was $13 019 for mild ischemic strokes and
$20 346 for severe ischemic strokes (4 or 5 on the Rankin
Disability Scale).109


● Inpatient hospital costs for an acute stroke event account
for 70% of first-year poststroke costs.108


● The largest components of acute-care costs were room
charges (50%), medical management (21%), and diagnos-
tic costs (19%).110


● Death within 7 days, subarachnoid hemorrhage, and stroke
while hospitalized for another condition are associated with
higher costs in the first year. Lower costs are associated
with mild cerebral infarctions or residence in a nursing
home before the stroke.109
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● Demographic variables (age, sex, and insurance status) are
not associated with stroke cost. Severe strokes (NIHSS
score �20) cost twice as much as mild strokes, despite
similar diagnostic testing. Comorbidities such as ischemic
heart disease and AF predict higher costs.110,111 The total
cost of stroke from 2005 to 2050, in 2005 dollars, is
projected to be $1.52 trillion for non-Hispanic whites, $313
billion for Hispanics, and $379 billion for blacks. The per
capita cost of stroke estimates is highest in blacks
($25 782), followed by Hispanics ($17 201) and non-
Hispanic whites ($15 597). Loss of earnings is expected to
be the highest cost contributor in each race-ethnic group.96
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Table 5-1. Stroke


Population Group
Prevalence, 2006


Age �20 y
New and Recurrent Attacks


All Ages
Mortality, 2006


All Ages*
Hospital Discharges,


2006 All Ages Cost, 2010


Both sexes 6 400 000 (2.9%) 795 000 137 119 889 000 $73.7 billion


Males 2 500 000 (2.5%) 370 000 (46.5%)† 54 524 (39.8%)† 404 000 � � �


Females 3 900 000 (3.2%) 425 000 (53.5%)† 82 595 (60.2%)† 486 000 � � �


NH white males 2.3% 325 000‡ 45 198 � � � � � �


NH white females 3.1% 365 000‡ 70 666 � � � � � �


NH black males 3.8% 45 000‡ 7424 � � � � � �


NH black females 4.3% 60 000‡ 9621 � � � � � �


Mexican-American males 2.8% � � � � � � � � � � � �


Mexican-American females 3.1% � � � � � � � � � � � �


Hispanic or Latino age �18 y§ 2.6% � � � � � � � � � � � �


Asian age �18 y§ 1.8% � � � � � � � � � � � �


American Indian/Alaska Native age �18 y§ 3.9%� � � � � � � � � � � � �


Ellipses (…) indicate data not available.
*Mortality data are for whites and blacks and include Hispanics.
†These percentages represent the portion of total stroke incidence or mortality that applies to males vs females.
‡Estimates include Hispanics and non-Hispanics. Estimates for whites include other nonblack races.
§NHIS 2008 (NCHS): data are weighted percentages for Americans �18 years of age.3


�Estimates are considered unreliable.
Sources: Prevalence: NHANES 2003 to 2006, NCHS and NHLBI. Percentages for racial/ethnic groups are age-adjusted for Americans �20 years of age. Age-specific


percentages are extrapolated to the 2006 US population. Prevalence data for the Hispanic, Asian, and American Indian/Alaska Native populations, �18 years of age,
are from NHIS/NCHS. Estimate for American Indians/Alaska Natives is considered unreliable.3 Incidence: GCNKSS/NINDS data for 1999 provided on August 1, 2007.
US estimates compiled by NHLBI. See also Kissela et al.112 Data include children. Mortality: NCHS. These data represent underlying cause of death only. Mortality
data for white and black males and females include Hispanics. Hospital discharges: NHDS, NCHS. Data include those inpatients discharged alive, dead, or status
unknown. Cost: NHLBI. Data include estimated direct and indirect costs for 2010.
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Table 5-2. Modifiable Stroke Risk Factors


Factor Prevalence, % Population-Attributable Risk, %* RR


CVD


CHD113


Men 8.4 5.8† 1.73 (1.68–1.78)130


Women 5.6 3.9† 1.55 (1.17–2.07)131


Heart failure113


Men 2.6 1.4†


Women 2.1 1.1†


Peripheral arterial disease 4.9 3.0†


Hypertension114


Age 50 y 20 40 4.0


Age 60 y 30 35 3.0


Age 70 y 40 30 2.0


Age 80 y 55 20 1.4


Age 90 y 60 0 1.0


Cigarette smoking 25 12–18 1.8


Diabetes 7.3 5–27 1.8–6


Asymptomatic carotid stenosis 2–8117–123 2–7‡ 2.0131


Atrial fibrillation (nonvalvular)115,116


Age 50–59 y 0.5 1.5 4.0


Age 60–69 y 1.8 2.8 2.6


Age 70–79 y 4.8 9.9 3.3


Age 80–89 y 8.8 23.5 4.5


Sickle cell disease 0.25 (of blacks)124
� � � 200–400132§


Dyslipidemia


High total cholesterol 25125 15 2.0 for men and for women �55 y of age


Low HDL cholesterol 25125 10 1.5–2.5 for men


Dietary factors


Na intake �2300 mg 75–90 Unknown Unknown


K intake �4700 mg 90–99126 Unknown Unknown


Obesity 17.9127 12–20† 1.75–2.37133,134


Physical inactivity62 25 30 2.7‡


Postmenopausal hormone therapy 20128 (women 50–74 y of age)129 7 1.4135


Data derived from Hart et al136,137 and van Walraven et al.138 Stroke includes both ischemic and hemorrhagic stroke. Cardiovascular disease includes coronary heart
disease, heart failure, and peripheral arterial disease.


*Population-attributable risk is the proportion of ischemic stroke in the population that can be attributed to a particular risk factor (see text for formula).
†Calculated on the basis of point estimates of referenced data provided in the table. For peripheral arterial disease, calculation was based on average RR for men


and women.
‡Calculated based on referenced data provided in the table or text.
§Relative to stroke risk in children without sickle cell disease.
�For high-risk patients treated with transfusion.
Adapted from Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD, Culebras A, DeGraba TJ, Gorelick PB, Guyton JR, Hart RG, Howard G,


Kelly-Hayes M, Nixon JVI, Sacco RL. Primary prevention of ischemic stroke: a guideline from the American Heart Association/American Stroke Association Stroke
Council: cosponsored by the Atherosclerotic Peripheral Vascular Disease Interdisciplinary Working Group; Cardiovascular Nursing Council; Clinical Cardiology Council;
Nutrition, Physical Activity, and Metabolism Council; and the Quality of Care and Outcomes Research Interdisciplinary Working Group. Stroke. 2006;37:1583–1633.
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Chart 5-1. Prevalence of stroke by age and sex (NHANES: 2003–2006). Source: NCHS and NHLBI.


Chart 5-2. Annual rate of first cerebral infarction by age, sex, and race (GCNKSS: 1999). Note: Rates for black men and women 45
to 54 years of age and for black men �75 years of age are considered unreliable. An estimated 15 000 people have first cerebral
infarctions before 45 years of age. Source: Unpublished data from the GCNKSS.


Chart 5-3. Annual rate of all first-ever strokes by age, sex, and race (GCNKSS: 1999). Note: Rates for black men and women 45 to
54 years of age and for black men �75 years of age are considered unreliable. Source: Unpublished data from the GCNKSS.
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Chart 5-4. Estimated 10-year stroke risk in adults 55 years of age according to levels of various risk factors (Framingham Heart
Study). Source: Wolf et al.139


Chart 5-5. Trends in carotid endarterectomy procedures (United States: 1979–2006). Source: NHDS/NCHS and NHLBI.


Chart 5-6. Annual age-adjusted incidence of first-ever stroke by race. Inpatient plus out-of-hospital ascertainment, 1993–1994
and 1999. Source: Kleindorfer et al.22
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6. High Blood Pressure


ICD-9 401–404, ICD-10 I10–I15. See Tables 6-1 and 6-2
and Charts 6-1 through 6-5.


Prevalence


● HBP is defined as:


— SBP �140 mm Hg or DBP �90 mm Hg or taking
antihypertensive medicine, or


— having been told at least twice by a physician or other
health professional that one has HBP.


● One in 3 US adults has HBP.1
● An estimated 74 500 000 adults �20 years of age have


HBP, extrapolated to 2006 with NHANES 2003 to 2006
data (Table 6-1).


● NHANES data show that a higher percentage of men than
women have hypertension until 45 years of age. From 45 to
54 and from 55 to 64 years of age, the percentages of men
and women with hypertension are similar. After that, a


much higher percentage of women have hypertension than
men.2


● HBP is 2 to 3 times more common in women taking oral
contraceptives, especially among obese and older women,
than in women not taking them.3


● Data from NHANES 2005 to 2006 found that 29% of US
adults �18 years of age were hypertensive. The prevalence
of hypertension was nearly equal between men and women.
An additional 28% of US adults had prehypertension, and
7% of adults with hypertension had never been told that
they had hypertension. Among hypertensive adults, 78%
were aware of their condition, 68% were using antihyper-
tensive medication, and �64% of those treated had their
hypertension controlled.4


● Data from the 2007 BRFSS/CDC study indicate that the
percentage of adults �18 years of age who had been told
that they had HBP ranged from 19.7% in Utah to 33.8% in
Tennessee. The median percentage was 27.8%.5


Older Adults


● Age-adjusted estimates show that in 2004 to 2005, diag-
nosed chronic conditions that were more prevalent among
older women than men included hypertension (51% for
women, 45% for men). Ever-diagnosed conditions that
were more prevalent among older men than older women
included HD (33% for men, 26% for women) and DM
(17% for men, 15% for women).6


● The age-adjusted prevalence of hypertension (both diag-
nosed and undiagnosed) in 1999 to 2002 was 78% for older
women and 64% for older men on the basis of data from
NHANES/NCHS.6


Children and Adolescents


● Analysis of NHES, HHANES, and NHANES/NCHS sur-
veys of the NCHS (1963–2002) found that the BP, pre-
HBP, and HBP trends in children and adolescents 8 to 17
years of age moved downward from 1963 to 1988 and
upward thereafter. Pre-HBP and HBP increased 2.3% and
1%, respectively, between 1988 and 1999. Increased obe-
sity (more so abdominal obesity than general obesity)
partially explained the HBP and pre-HBP rise from 1988 to
1999. BP and HBP reversed their downward trends 10
years after the increase in the prevalence of obesity. In
addition, an ethnic and gender gap appeared in 1988 for
pre-HBP and in 1999 for HBP: Non-Hispanic blacks and
Mexican Americans had a greater prevalence of HBP and
pre-HBP than non-Hispanic whites, and the prevalence was
greater in males than in females. In that study, HBP in
children and adolescents was defined as SBP or DBP that
was, on repeated measurement, �95th percentile.7


● A study in Ohio of more than 14 000 children and adoles-
cents 3 to 18 years of age who were observed at least 3
times between 1999 and 2006 found that 3.6% had hyper-
tension. Of these, 26% had been diagnosed and 74% were
undiagnosed. In addition, 3% of those with hypertension
had stage 2 hypertension, and 41% of those with stage 2


Abbreviations Used in Chapter 6


ARIC Atherosclerosis Risk in Communities Study


BP blood pressure


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHF congestive heart failure


CHS cardiovascular Health Study


CVD cardiovascular disease


DBP diastolic blood pressure


DM diabetes mellitus


FHS Framingham Heart Study


HBP high blood pressure


HD heart disease


HHANES Hispanic Health and Nutrition Examination Survey


ICD-9-CM International Classification of Diseases, ninth revision, clinical
modification


JNC Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure


LDL low-density lipoprotein


MESA Multi-Ethnic Study of Atherosclerosis


mm Hg millimeter of mercury


NCHS National Center for Health Statistics


NHANES National Health and Nutrition Examination Survey


NHES National Health Examination Survey


NHDS National Hospital Discharge Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


NINDS National Institute of Neurological Disorders and Stroke


PA physical activity


REGARDS Reasons for Geographic and Racial Differences in Stroke study


SBP systolic blood pressure
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hypertension were undiagnosed. Criteria for prehyperten-
sion were met by 485 children. Of these, 11% were
diagnosed. In this study, HBP in children and adolescents
was defined as SBP or DBP that was, on repeated mea-
surement, �95th percentile.8


● A study from 1988 to 1994 through 1999 to 2000 of
children and adolescents 8 to 17 years of age showed that
among non-Hispanic blacks, mean SBP levels increased by
1.6 mm Hg among girls and by 2.9 mm Hg among boys
compared with non-Hispanic whites. Among Mexican
Americans, girls’ SBP increased 1.0 mm Hg and boys’
SBP increased 2.7 mm Hg compared with non-Hispanic
whites.9


Race/Ethnicity and HBP


● The prevalence of hypertension in blacks in the United
States is among the highest in the world, and it is
increasing. From 1988 to 1994 through 1999 to 2002, the
prevalence of HBP in adults increased from 35.8% to
41.4% among blacks, and it was particularly high among
black women, at 44.0%. Prevalence among whites also
increased, from 24.3% to 28.1%.10


● Compared with whites, blacks develop HBP earlier in life,
and their average BPs are much higher. As a result,
compared with whites, blacks have a 1.3-times greater rate
of nonfatal stroke, a 1.8-times greater rate of fatal stroke, a
1.5-times greater rate of death due to HD, and a 4.2-times
greater rate of end-stage kidney disease (Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure [JNC] 5 and 6).


● Within the black community, rates of hypertension vary
substantially.10,11


— Those with the highest rates are more likely to be
middle-aged or older, less educated, overweight or
obese, and physically inactive and are more likely to
have diabetes.


— Those with the lowest rates are more likely to be
younger but also overweight or obese.


— Those with uncontrolled HBP who are not taking
antihypertensive medication tend to be male, to be
younger, and to have infrequent contact with a
physician.


● Analysis from the Reasons for Geographic and Racial
Differences in Stroke Study (REGARDS) of the NINDS
suggests that efforts to raise awareness of prevalent hyper-
tension among blacks apparently have been successful
(31% greater odds in blacks relative to whites), and efforts
to communicate the importance of receiving treatment for
hypertension have been successful (69% greater odds
among blacks relative to whites); however, substantial
racial disparities remain with regard to the control of BP
(SBP �140 mm Hg, DBP �90 mm Hg), with the odds of
control being 27% lower in blacks than whites. In contrast,
geographic disparities in hypertension awareness, treat-
ment, and control were minimal.12


● Data from the 2008 NHIS survey showed that black adults
�18 years of age were more likely (31.8%) to have been
told on �2 occasions that they had hypertension than
American Indian/Alaska Native adults (25.3%), white
adults (23.3%), and Asian adults (21.0%).13


● The CDC analyzed death certificate data from 1995 to 2002
(any-mention mortality; ICD-9 codes 401 to 404 and
ICD-10 codes I10 to I13). The results indicated that Puerto
Rican Americans had a consistently higher hypertension-
related death rate than all other Hispanic subpopulations
and non-Hispanic whites. The age-standardized
hypertension-related mortality rate was 127.2 per 100 000
population for all Hispanics, similar to that of non-Hispanic
whites (135.9). The age-standardized rate for Hispanic
women (118.3) was substantially lower than that observed
for Hispanic men (135.9). Male hypertension-related mor-
tality rates were higher than rates for females for all
Hispanic subpopulations. Puerto Rican Americans had the
highest hypertension-related death rate among all Hispanic
subpopulations (154.0); Cuban Americans had the lowest
(82.5).14


● Some studies suggest that Hispanic Americans have rates
of HBP similar to or lower than those of non-Hispanic
white Americans. Findings from a new analysis of com-
bined data from the NHIS surveys of 2000 to 2002 point to
a health disparity between black and white adults of
Hispanic descent. Black Hispanics were at slightly greater
risk than white Hispanics, although non-Hispanic black
adults had by far the highest rate of HBP. The racial
disparity among Hispanics also was evident in the fact that
higher-income, better-educated black Hispanics still had a
higher rate of HBP than lower-income, less-educated white
Hispanics.15 Data from the NHLBI’s ARIC study found
that hypertension was a particularly powerful risk factor for
CHD in black persons, especially black women.16


● Data from MESA found that being born outside the United
States, speaking a language other than English at home, and
living fewer years in the United States were each associated
with a decreased prevalence of hypertension.17


● Filipino (27%) and Japanese (25%) adults were more likely
than Chinese (17%) or Korean (17%) adults to have ever
been told that they had hypertension.18


Mortality
HBP mortality in 2006 was 56 561. Any-mention mortality in
2006 was �326 000.19 Preliminary 2007 mortality was
57 077. The preliminary 2007 death rate was 17.5.20


● From 1996 to 2006, the death rate due to HBP increased
19.5%, and the actual number of deaths rose 48.1% (NCHS
and NHLBI; appropriate comparability ratios were
applied).


The 2006 overall death rate due to HBP was 17.8. Death
rates were 15.6 for white males, 51.1 for black males, 14.3 for
white females, and 37.7 for black females. When any-
mention mortality for 2006 was used, the overall death rate
was 107.6. Death rates were 106.3 for white males, 231.2 for
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black males, 90.2 for white females, and 176.5 for black
females.21


Risk Factors


● Numerous risk factors and markers for development of
hypertension, including age, ethnicity, family history of
hypertension and genetic factors, lower education and
socioeconomic status, greater weight, lower PA, tobacco
use, psychosocial stressors, sleep apnea, and dietary factors
(including dietary fats, higher sodium intake, lower potas-
sium intake, and excessive alcohol intake), have been
identified.


● A study of related individuals in the NHLBI’s FHS
estimated that when measured at a single examination, BP
levels are �40% heritable; when measured across multiple
examinations, long-term BP trends are �55% heritable.22


Aftermath


● Approximately 69% of people who have a first heart attack,
77% of those who have a first stroke, and 74% of those
who have CHF have BP �140/90 mm Hg (NHLBI unpub-
lished estimates from ARIC, CHS, and FHS Cohort and
Offspring studies).


● Data from FHS/NHLBI indicate that recent (within the past
10 years) and remote antecedent BP levels may be an
important determinant of risk over and above the current
BP level.23


● Data from the FHS/NHLBI indicate that hypertension is
associated with shorter overall life expectancy, shorter life
expectancy free of CVD, and more years lived with CVD.24


— Total life expectancy was 5.1 years longer for normo-
tensive men and 4.9 years longer for normotensive
women than for hypertensives of the same sex at 50
years of age.


— Compared with hypertensive men at 50 years of age,
men with untreated BP �140/90 mm Hg survived on
average 7.2 years longer without CVD and spent 2.1
fewer years of life with CVD. Similar results were
observed for women.


Hospital Discharges/Ambulatory Care Visits


● From 1996 to 2006, the number of inpatient discharges
from short-stay hospitals with HBP as the first-listed
diagnosis increased from 417 000 to 514 000 (NCHS,
NHDS). The number of all-listed discharges increased
from 6 163 000 to 11 180 00025,26 (unpublished data from
the NHDS, 2006).


● Data from ambulatory medical care utilization estimates
for 2007 showed that the number of visits for essential
hypertension was 46 284 000.27


● In 2006, there were 293 000 hospitalizations with a first-
listed diagnosis of essential hypertension (ICD-9-CM code
401), but essential hypertension was listed as either a
primary or a secondary diagnosis 9 057 000 times for


hospitalized inpatients26 (unpublished data from the
NHDS, 2006).


Awareness, Treatment, and Control


● Data from NHANES/NCHS 2003 to 2006 showed that of
those with hypertension who were �20 years of age, 77.6%
were aware of their condition, 67.9% were under current
treatment, 44.1% had their hypertension under control, and
55.9% did not have it controlled (NCHS and NHLBI).


● Analysis of NHANES/NCHS data from 1999 to 2004
through 2005 to 2006 found that there were substantial
increases in awareness and treatment rates of hypertension.
The control rates increased in both sexes, in non-Hispanic
blacks, and in Mexican Americans. Among the group �60
years of age, awareness, treatment, and control rates of
hypertension increased significantly.4,28


● Data from the 2007 BRFSS/CDC survey indicate that the
percentage of adults �18 years of age who had been told
that they had HBP ranged from 19.7% in Utah to 33.8% in
Tennessee. The median percentage among states was
27.8%.29


● In NHANES/NCHS 2005 to 2006, rates of control were
lower in Mexican Americans (35.2%) than in non-Hispanic
whites (46.1%) and non-Hispanic blacks (46.5%).4


● The awareness, treatment, and control of HBP among those
�65 years of age in the CHS/NHLBI improved during the
1990s. The percentages of those aware of and treated for
HBP were higher among blacks than among whites. Preva-
lences with HBP under control were similar. For both
groups combined, the control of BP to �140/90 mm Hg
increased from 37% in 1990% to 49% in 1999. Improved
control was achieved by an increase in antihypertensive
medications per person and by an increase in the proportion
of the CHS population treated for hypertension from 34.5%
to 51.1%.30


● Data from the FHS study of the NHLBI show that:


— Among those �80 years of age, only 38% of men and
23% of women had BPs that met targets set forth in the
National High Blood Pressure Education Program’s
clinical guidelines. Control rates in men �60, 60 to 79,
and �80 years of age were 38%, 36%, and 38%,
respectively; for women in the same age groups, they
were 38%, 28%, and 23%, respectively.31


● Data from the Women’s Health Initiative Observational
Study of nearly 100 000 postmenopausal women across the
country enrolled between 1994 and 1998 indicate that
although prevalence rates ranged from 27% of women 50
to 59 years of age to 41% of women 60 to 69 years of age
to 53% of women 70 to 79 years of age, treatment rates
were similar across age groups: 64%, 65%, and 63%,
respectively. Despite similar treatment rates, hypertension
control is especially poor in older women, with only 29%
of hypertensive women 70 to 79 years of age having clinic
BPs �140/90 mm Hg compared with 41% and 37% of
those 50 to 59 and 60 to 69 years of age, respectively.32


e72 Circulation January 26, 2010


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





● A study of more than 300 women in Wisconsin showed a
need for significant improvement in BP and LDL levels. Of
the screened participants, 35% were not at BP goal, 32.4%
were not at LDL goal, and 53.5% were not at both goals.33


● In 2005, a survey of people in 20 states conducted by the
BRFSS of the CDC found that 19.4% of respondents had
been told on 2 or more visits to a health professional that
they had HBP. Of these, 70.9% reported changing their
eating habits; 79.5% reduced the use of or were not using
salt; 79.2% reduced the use of or eliminated alcohol; 68.8%
were exercising; and 73.4% were taking antihypertensive
medication.34


● On the basis of NHANES 2003 to 2004 data, it was found
that nearly three fourths of adults with CVD comorbidities
have hypertension. Poor control rates of systolic hyperten-
sion remain a principal problem that further compromises
their already high CVD risk.35


Cost


● The estimated direct and indirect cost of HBP for 2010 is
$76.6 billion.


Prehypertension


● Prehypertension is untreated SBP of 120 to 139 mm Hg or
untreated DBP of 80 to 89 mm Hg and not having been told
on 2 occasions by a doctor or other health professional that
one has hypertension.


● On the basis of NHANES 2005 to 2006 data, it is estimated
that �25% of the US population �20 years of age has
prehypertension, including 32 400 000 men and
21 200 000 women (estimated by NHLBI).4


● Follow-up of 9845 men and women in the FHS/NHLBI
who attended examinations from 1978 to 1994 revealed
that at 35 to 64 years of age, the 4-year incidence of
hypertension was 5.3% for those with baseline BP �120/
80 mm Hg, 17.6% for those with SBP of 120 to
129 mm Hg or DBP of 80 to 84 mm Hg, and 37.3% for
those with SBP of 130 to 139 mm Hg or DBP of 85 to
89 mm Hg. At 65 to 94 years of age, the 4-year incidences
of hypertension were 16.0%, 25.5%, and 49.5% for these
BP categories, respectively.36


● Data from FHS/NHLBI also reveal that prehypertension is
associated with elevated relative and absolute risks for
CVD outcomes across the age spectrum. Compared with
normal BP (�120/80 mm Hg), prehypertension was asso-
ciated with a 1.5- to 2-fold risk for major CVD events in
those �60, 60 to 79, and �80 years of age. Absolute risks
for major CVD associated with prehypertension increased
markedly with age: 6-year event rates for major CVD were
1.5% in prehypertensive persons �60 years of age, 4.9% in
those 60 to 79 years of age, and 19.8% in those �80 years
of age.31


● In a study of NHANES 1999 to 2000 (NCHS), people with
prehypertension were more likely than those with normal
BP levels to have above-normal cholesterol levels, over-
weight/obesity, and DM, whereas the probability of cur-


rently smoking was lower. Persons with prehypertension
were 1.65 times more likely to have 1 or more of these
adverse risk factors than were those with normal BP.37
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Table 6-1. High Blood Pressure


Population Group Prevalence, 2006, Age �20 y Mortality,* 2006, All Ages
Hospital Discharges,


2006, All Ages
Estimated
Cost, 2010


Both sexes 74 500 000 (33.6%) 56 561 514 000 $76.6 Billion


Males 35 700 000 (34.4%) 24 382 (43.1%)† 204 000 � � �


Females 38 800 000 (32.6%) 32 179 (56.9%)† 309 000 � � �


NH white males 34.3% 17 581 � � � � � �


NH white females 31.1% 24 888 � � � � � �


NH black males 43.04% 6089 � � � � � �


NH black females 44.8% 6480 � � � � � �


Mexican American males 25.9% � � � � � � � � �


Mexican American females 31.6% � � � � � � � � �


Hispanic or Latino‡ �18 y 21.0% � � � � � � � � �


Asian‡ �18 y 21.0% � � � � � � � � �


American Indians/Alaska
Natives‡ �18 y


25.3% � � � � � � � � �


Ellipses (. . .) indicate data not available; NH, non-Hispanic.
*Mortality data are for whites and blacks and include Hispanics.
†These percentages represent the portion of total HBP mortality that is for males vs females.
‡NHIS (2008), NCHS; data are weighted percentages for Americans �18 years of age.13


Sources: Prevalence: NHANES (2003–2006, NCHS) and NHLBI; percentages for racial/ethnic groups are age-adjusted for Americans
�20 years of age. Age-specific percentages are extrapolated to the 2006 US population estimates. Mortality: NCHS; these data
represent underlying cause of death only. Hospital discharges: NHDS, NCHS; data include those discharged alive, dead, or status
unknown. Cost: NHLBI; data include estimated direct and indirect costs for 2009.


Sources: Prevalence: NHANES (2003–2006, NCHS) and NHLBI. Percentages for racial/ethnic groups are age- adjusted for
Americans �20 years of age. Age-specific percentages are extrapolated to the 2006 US population estimates. Mortality: NCHS. These
data represent underlying cause of death only. Hospital discharges: NHDS, NCHS; data include those discharged alive, dead, or status
unknown. Cost: NHLBI; data include estimated direct and indirect costs for 2009.


Hypertension is defined as SBP �140 mm Hg or DBP �90 mm Hg, taking antihypertensive medication, or being told twice by a
physician or other professional that one has hypertension. The NHLBI computed the numbers and rates on the basis of NHANES
2005–2006 (NCHS). Many studies define hypertension as BP �140/90 mm Hg or taking antihypertensive medication. Under this
definition, extrapolation of NHANES 2003–2006 (NCHS) data to the US population in 2006 gives an estimated prevalence of 65.6
million. That is 30% of the population �20 years of age compared with 33.6% according to the more complete definition, a difference
of almost 9 million persons.


Table 6-2. Hypertension Awareness, Treatment, and Control: NHANES 1988–1994 and 1999–2006,
by Race and Sex


Awareness, % Treatment, % Control, %


1988–1994 1999–2006 1988–1994 1999–2006 1988–1994 1999–2006


NH white male 63.0 71.8 46.2 61.8 22.0 41.9


NH white female 74.7 76.9 61.6 68.1 32.2 40.0


NH black male 62.5 70.1 42.3 59.6 16.6 34.1


NH black female 77.8 85.3 64.6 76.6 30.0 43.8


Mexican American male 47.8 57.7 30.9 41.8 13.5 25.6


Mexican American female 69.3 69.9 47.8 57.9 19.4 31.9


NH indicates non-Hispanic.
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Chart 6-1. Prevalence of HBP in adults ≥20 years of age by age and sex (NHANES: 2003–2006). Source: NCHS and NHLBI.
Hypertension is defined as SBP �140 mm Hg or DBP �90 mm Hg, taking antihypertensive medication, or being told twice by a physi-
cian or other professional that one has hypertension.


Chart 6-2. Age-adjusted prevalence trends for HBP in adults ≥20 years of age by race/ethnicity, sex, and survey (NHANES:
1988–1994, 1999–2002, and 2003–2006). Source: NCHS and NHLBI. NH indicates non-Hispanic.


e76 Circulation January 26, 2010


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





Chart 6-3. Extent of awareness, treatment, and control of HBP by race/ethnicity (NHANES: 2003–2006). Source: NCHS and
NHLBI. NH indicates non-Hispanic.


Chart 6-4. Extent of awareness, treatment, and control of HBP by age (NHANES: 2003–2006). Source: NCHS and NHLBI.
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Chart 6-5. Extent of awareness, treatment, and control of HBP by race/ethnicity and sex (NHANES: 1999–2006). Source: NCHS
and NHLBI. NH indicates non-Hispanic.
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7. Congenital Cardiovascular Defects


ICD-9 745–747, ICD-10 Q20–Q28. See Tables 7-1 through 7-4.


Congenital cardiovascular defects, also known as congenital
heart defects, are structural problems that arise from abnor-
mal formation of the heart or major blood vessels. ICD-9 lists
25 congenital heart defects codes, of which 21 designate
specified anatomic and/or hemodynamic lesions.


Defects range in severity from tiny pinholes between
chambers, which are nearly irrelevant and often resolve
spontaneously, to major malformations that can require mul-
tiple surgical procedures before school age and may result in
death in utero, in infancy, or in childhood. The common
complex defects include:


● Tetralogy of Fallot (TOF; 9% to 14%)
● Transposition of the great arteries (TGA; 10% to 11%)
● Atrioventricular septal defects (4% to 10%)
● Coarctation of the aorta (8% to 11%)
● Hypoplastic left heart syndrome (HPLHS; 4% to 8%)
● Ventricular septal defects (VSDs)


Although VSDs may close spontaneously, these lesions are
the most prevalent in childhood and still account for 14% to
16% of defects that require an invasive procedure within the
first year of life.1 Atrial septal defects (ASDs) are the most
common defects seen in adults.2


Prevalence
The estimated number of adults with congenital heart defects
ranges from 650 000 to 1.3 million.1,2 From 1940 to 2002, �2
million patients with congenital cardiovascular defects were
born in the United States, �1 million with simple lesions and
0.5 million each with moderate and complex lesions. Using
available data to estimate the prevalence of congenital car-
diovascular defects at birth and in adults in year 2000, the
survival of these patients is estimated to be 2000 assuming no
treatment (the low estimate) and full treatment (the high
estimate). If all were treated, there would be 750 000 survi-
vors with simple lesions, 400 000 with moderate lesions, and
180 000 with complex lesions; in addition, there would be
3 000 000 subjects alive with bicuspid aortic valves. Without


treatment, the number of survivors in each group would be
400 000, 220 000, and 30 000, respectively. The actual num-
bers surviving are projected to be between these 2 sets of
estimates.2 The 32nd Bethesda Conference estimated that the
total number of adults living with congenital heart disease in
the United States in 2000 was 787 800.3 Currently, no
measured data are available in the United States for the
prevalence of congenital cardiovascular defects in adults.
Population data from Quebec, Canada, measured a preva-
lence of congenital cardiac defects of 11.89 per 1000 children
and 4.09 per 1000 adults.4 The most common types of defects
in children are as follows: VSD, 620 000 people; ASD,
235 000 people; valvular pulmonary stenosis, 185 000 peo-
ple; and patent ductus arteriosus, 173 000 people.2 The most
common lesions seen in adults are ASD and TOF.3


Incidence
As of 2002, the most commonly reported incidence of
congenital cardiovascular defects in the United States is
between 4 and 10 per 1000, clustering around 8 per 1000 live
births.5 Major defects are usually apparent in the neonatal
period, but minor defects may not be detected until adult-
hood. Thus, true measures of the incidence of congenital
heart disease would need to record new cases of defects that
present any time in fetal life through adulthood; however,
estimates are available only for new cases detected between
birth and 30 days of life, known as birth prevalence, or for
new cases detected in the first year of life only. Both of these
are typically reported as cases per 1000 live births per year
and do not distinguish between tiny defects that resolve
without treatment and major malformations. To distinguish
more serious defects, some studies also report new cases of
sufficient severity to require an invasive procedure or that
result in death within the first year of life. Despite the absence
of true incidence figures, some data are available and are
provided in Table 7-1.


● According to the CDC, 1 in every 110 infants in the
metropolitan Atlanta, Ga, area is born with a congenital
heart defect, including some infants with tiny defects that
resolve without treatment. Some defects occur more com-
monly in males or females or in whites or blacks.5


● Nine (9.0) defects per 1000 live births, or 36 000 affected
infants per year, are expected in the United States. Of these,
several studies suggest that 9200, or 2.3 per 1000 live
births, require invasive treatment or result in death in the
first year of life.1


● Estimates also are available for bicuspid aortic valves,
which occur in 13.7 per 1000 people; these defects may not
require treatment in infancy but can cause problems later in
adulthood.6


● Some studies suggest that as many as 5% of newborns, or
200 000 per year, are born with tiny muscular VSDs,
almost all of which close spontaneously.7,8 These defects
almost never require treatment, so they are not included in
Table 7-1.


● Data collected by the National Birth Defects Prevention
Network from 11 states from 1999 to 2001 showed the
average prevalence of 18 selected major birth defects.


Abbreviations Used in Chapter 7


ASD atrial septal defect


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CI confidence interval


DM diabetes mellitus


HPLHS hypoplastic left heart syndrome


ICD International Classification of Diseases


KID Kids’ Inpatient Database


MACDP Metropolitan Atlanta Congenital Defects Program


TGA transposition of the great arteries


TOF tetralogy of Fallot


VSD ventricular septal defect


Heart Disease and Stroke Statistics—2010 Update: Chapter 7 e79


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





These data indicated that there are �6500 estimated annual
cases of 5 cardiovascular defects: Truncus arteriosus, TGA,
TOF, atrioventricular septal defect, and HPLHS.9


Risk Factors


● Numerous intrinsic and extrinsic nongenetic risk factors
contribute to CHD.10


● Attributable risks or fractions have been shown to include
paternal anesthesia in TOF (3.6%), sympathomimetic med-
ication for coarctation of the aorta (5.8%), pesticides for
VSD (5.5%) and solvents for HPLHS (4.6%).11


● A study of infants born with heart defects unrelated to
genetic syndromes who were included in the National Birth
Defects Prevention Study found that women who reported
smoking in the month before becoming pregnant or in the
first trimester were more likely to give birth to a child with
a septal defect. Compared with the infants of mothers who
did not smoke during pregnancy, infants of mothers who
were heavy smokers (�25 cigarettes daily) were twice as
likely to have a septal defect.12


● Associations between exposure to air pollutants during
first-trimester pregnancy and risks of congenital heart
defects were documented from 1986 to 2003 by the
Metropolitan Atlanta Congenital Defects Program
(MACDP) that related carbon monoxide, nitrogen dioxide,
and sulfur dioxide measurements to the risk of ASD, VSD,
TGA, and TOF.13


● The results of a population-based study examining preg-
nancy obesity found a weak to moderate positive associa-
tion of maternal obesity with 7 of 16 categories of birth
defects.14


● Although folic acid supplementation is recommended dur-
ing pregnancy to potentially reduce the risk of congenital
heart defects,10 there has been only 1 US population-based
case-control study, performed with the Baltimore-
Washington Infant Study between 1981 and 1989, that
showed an inverse relationship between folic acid use and
the risk of TGA.15 A study from Quebec that analyzed 1.3
million births from 1990 to 2005 found a significant 6% per
year reduction in severe congenital heart defects using a
time-trend analysis before and after public health measures
were instituted that mandated folic acid fortification of
grain and flour products in Canada.16


● Pregestational DM was significantly associated with car-
diac defects, both isolated and multiple. Gestational DM
was associated with a limited group of birth defects.17


Mortality
Congenital cardiovascular defects mortality in 2006 was
3531. Any-mention mortality related to congenital cardiovas-
cular defects in 2006 was 6883.


● Congenital cardiovascular defects are the most common
cause of infant death resulting from birth defects; more
than 29% of infants who die of a birth defect have a heart
defect (National Vital Statistics System, final data for
2005).


● The 2006 death rate for congenital cardiovascular defects
was 1.2. Death rates were 1.3 for white males, 1.3 for black
males, 1.0 for white females, and 1.7 for black females.
Crude infant mortality rates (�1 year of age) were 36.5 for
white infants and 52.5 for black infants.18


● In 2005, 192 000 life-years were lost before 55 years of age
because of deaths due to congenital cardiovascular defects.
This is about the same as the life-years lost from leukemia,
prostate cancer, and Alzheimer’s disease combined.18


● The mortality rate attributable to congenital defects has
been declining. From 1979 to 1997, age-adjusted death
rates due to all defects declined 39%, and deaths tended to
occur at progressively older ages. Nevertheless, 45% of
deaths still occurred in infants �1 year of age. The
mortality rate varies considerably according to type of
defect.19


● From 1996 to 2006, death rates for congenital cardiovas-
cular defects declined 33.3%, whereas the actual number of
deaths declined 26.7%.18


● Data analysis from the Society of Thoracic Surgeons, a
voluntary registry with self-reported data for a 4-year cycle
(2004 to 2007) from 68 centers performing congenital heart
surgery (67 from the United States and 1 from Canada)
showed that of 61 410 total operations, the overall aggre-
gate hospital discharge mortality rate was 3.7%; specifi-
cally, for neonates (0 to 30 days of age), the mortality rate
was 10.7%; for infants (31 days to 1 year of age), it was
2.6%; for children (�1 year to 18 years of age), it was
1.2%; and for adults (�18 years of age), it was 1.9%.20


● Using the Nationwide Inpatient Sample 1988 to 2003,
mortality was examined for 12 congenital heart defects
procedures. A total of 30 250 operations were identified,
which yielded a national estimate of 152 277�7875 oper-
ations. Of these, 27% were performed in patients �18
years of age. The overall in-hospital mortality rate for adult
congenital heart defect patients was 4.71% (95% CI 4.19%
to 5.23%), with a significant reduction in mortality ob-
served when surgery was performed on adult congenital
heart defect patients by pediatric versus nonpediatric heart
surgeons (1.87% versus 4.84%; P�0.0001).21


Hospitalizations
In 2004, birth defects accounted for �139 000 hospitaliza-
tions, representing 47.4 stays per 100 000 persons. Cardiac
and circulatory congenital anomalies, which include ASDs
and VSDs, accounted for more than one third of all hospital
stays for birth defects and had the highest in-hospital mortal-
ity rate. Between 1997 and 2004, hospitalization rates in-
creased by 28.5% for cardiac and circulatory congenital
anomalies. For almost 86 300 hospitalizations, ASD was
noted as the principal reason for the hospital stay or as a
coexisting or secondary condition.22


Cost


● From 2003 data from the Healthcare Cost and Utilization
Project 2003 Kids’ Inpatient Database (KID) and informa-
tion on birth defects in the Congenital Malformations
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Surveillance Report, it was found that the most expensive
average neonatal hospital charges were for 2 congenital
heart defects: HPLHS ($199 597) and common truncus
arteriosus ($192 781). Two other cardiac defects, coarcta-
tion of the aorta and TGA, were associated with average
hospital charges in excess of $150 000. For the 11 selected
cardiovascular congenital defects (of 35 birth defects con-
sidered), there were 11 578 hospitalizations in 2003 and
1550 in-hospital deaths (13.4%). Estimated total hospital
charges for these 11 conditions were $1.4 billion.23


● In 2004, hospital costs for congenital cardiovascular defect
conditions totaled $2.6 billion. The highest aggregate costs
were for stays related to cardiac and circulatory congenital
anomalies, which accounted for �$1.4 billion, more than
half of all hospital costs for birth defects.22
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Table 7-1. Congenital Cardiovascular Defects


Population Group Estimated Prevalence Adults Mortality, 2006, All Ages
Hospital Discharges,


2006, All Ages


Both sexes 650 000 to 1.3 million2 3531 70 000


Males � � � 1951 (55.3%)* 30 000


Females � � � 1580 (44.7%)* 40 000


White males � � � 1510 � � �


White females � � � 1216 � � �


Black males � � � 356 � � �


Black females � � � 296 � � �


Ellipses (…) indicate data not available.
*These percentages represent the portion of total congenital cardiovascular mortality that is for males vs females.
Sources: Mortality: NCHS. These data represent underlying cause of death only; data for white and black males and females include


Hispanics. Hospital discharges: NHDS, NCHS; data include those inpatients discharged alive, dead, or status unknown.


Table 7-2. Annual Incidence of Congenital Cardiovascular Defects1,5– 8,24


Type of Presentation Rate per 1000 Live Births n


Fetal loss Unknown Unknown


Invasive procedure during the first year 2.3 9200


Detected during first year* 9 36 000


Bicuspid aortic valve 13.7 54 800


Other defects detected after first year Unknown Unknown


Total Unknown Unknown


*Includes stillbirths and pregnancy termination at �20 weeks’ gestation; includes some defects that resolve spontaneously or do
not require treatment.


Table 7-3. Estimated Prevalence of Congenital Cardiovascular Defects and Percent Distribution by Type,
United States, 2002* (in Thousands)


Prevalence, n Percent of Total


Type Total Children Adults Total Children Adults


Total 994 463 526 100 100 100


VSD† 199 93 106 20.1 20.1 20.1


ASD 187 78 109 18.8 16.8 20.6


Patent ductus arteriosus 144 58 86 14.2 12.4 16.3


Valvular pulmonic stenosis 134 58 76 13.5 12.6 14.4


Coarctation of aorta 76 31 44 7.6 6.8 8.4


Valvular aortic stenosis 54 25 28 5.4 5.5 5.2


TOF 61 32 28 6.1 7 5.4


Atrioventricular septal defect 31 18 13 3.1 3.9 2.5


TGA 26 17 9 2.6 3.6 1.8


Hypoplastic right heart syndrome 22 12 10 2.2 2.5 1.9


Double-outlet right ventricle 9 9 0 0.9 1.9 0.1


Single ventricle 8 6 2 0.8 1.4 0.3


Anomalous pulmonary venous connection 9 5 3 0.9 1.2 0.6


Truncus arteriosus 9 6 2 0.7 1.3 0.5


HPLHS 3 3 0 0.3 0.7 0


Other 22 12 10 2.1 2.6 1.9


*Excludes an estimated 3 million bicuspid aortic valve prevalence (2 million in adults and 1 million in children).
†Small VSD, 117 000 (65 000 adults and 52 000 children); large VSD, 82 000 (41 000 adults and 41 000 children).
Source: Reprinted from Hoffman et al,2 with permission from Elsevier. Average of the low and high estimates, two thirds from low


estimate.2
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Table 7-4. Surgery for Congenital Heart Disease


Sample Population, Weighted


Surgery for congenital heart
disease


14 888 25 831


Deaths 736 1253


Mortality rate, % 4.9 4.8


By sex (81 missing in sample)


Male 8127 14 109


Deaths 420 714


Mortality rate, % 5.2 5.1


Female 6680 11 592


Deaths 315 539


Mortality rate, % 4.7 4.6


By type of surgery


ASD secundum surgery 834 1448


Deaths 3 6


Mortality rate, % 0.4 0.4


Norwood procedure for
HPLHS


161 286


Deaths 42 72


Mortality rate, % 26.1 25.2


In 2003, �25 000 cardiovascular operations for congenital cardiovascular
defects were performed on children �20 years of age. Inpatient mortality rate
after all types of cardiac surgery was 4.8%. Nevertheless, mortality risk varies
substantially for different defect types, from 0.4% for ASD repair to 25.2% for
first-stage palliation for HPLHS. Fifty-five percent of operations were performed
in males. In unadjusted analysis, mortality after cardiac surgery was somewhat
higher for males than for females (5.1% vs 4.6%).


Source: Analysis of 2003 KID, HCUPnet, Healthcare Cost and Utilization
Project, Agency for Healthcare Research and Quality (http://www.hcup-us.ahrq.
gov), and personal communication with Kathy Jenkins, MD, Children’s Hospital
of Boston, October 1, 2006.
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8. Cardiomyopathy and Heart Failure


ICD-9 425; ICD-10 I42. See Table 8-1 and Charts 8-1
through 8-3.


Cardiomyopathy
ICD-9 425; ICD-10 I42.


Mortality—24 703. Any-mention mortality—49 700. Hos-
pital discharges—43 000.


● Mortality from cardiomyopathy is highest in older persons,
men, and blacks (CDC compressed file).


● Tachycardia-induced cardiomyopathy develops slowly and
appears reversible, but recurrent tachycardia causes rapid
decline in left ventricular function and development of HF.
Sudden death is possible.1


● Since 1996, the NHLBI-sponsored Pediatric Cardiomyop-
athy Registry has collected data on all children with newly
diagnosed cardiomyopathy in New England and the Cen-
tral Southwest (Texas, Oklahoma, and Arkansas).2


— The overall incidence of cardiomyopathy is 1.13 cases
per 100 000 in children �18 years of age.


— In children �1 year of age, the incidence is 8.34, and in
children 1 to 18 years of age, it is 0.70 per 100 000.


— The annual incidence is lower in white than in black
children, higher in boys than in girls, and higher in New
England (1.44 per 100 000) than in the Central South-
west (0.98 per 100 000).


● Studies show that 36% of young athletes who die suddenly
have probable or definite hypertrophic cardiomyopathy.3


● Hypertrophic cardiomyopathy is the leading cause of sud-
den cardiac death in young people, including trained


athletes. Hypertrophic cardiomyopathy is the most com-
mon inherited heart defect, occurring in 1 of 500 individ-
uals. In the United States, �500 000 people have hyper-
trophic cardiomyopathy, yet most are unaware of it.4


● In a recent report of the Pediatric Cardiomyopathy Registry,
the overall annual incidence of hypertrophic cardiomyopathy
in children was 4.7 per 1 million children. There was a higher
incidence in the New England than in the central Southwest
region, in boys than in girls, and in children diagnosed at �1
year of age than in older children.5


● Dilated cardiomyopathy is the most common form of
cardiomyopathy. The Pediatric Cardiomyopathy Registry
recently reported an annual incidence of dilated cardiomy-
opathy in children �18 years of age of 0.57 per 100 000
per year overall. The annual incidence was higher in boys
than in girls (0.66 versus 0.47 cases per 100 000), in blacks
than in whites (0.98 versus 0.46 cases per 100 000), and in
infants (�1 year of age) than in children (4.40 versus 0.34
cases per 100 000). The majority of children (66%) had
idiopathic disease. The most common known causes were
myocarditis (46%) and neuromuscular disease (26%).6


Heart Failure
ICD-9 428, ICD-10 I50.


Incidence


● Data from the NHLBI-sponsored FHS7 indicate that:


— HF incidence approaches 10 per 1000 population after
65 years of age.


— Seventy-five percent of HF cases have antecedent
hypertension.


— At 40 years of age, the lifetime risk of developing HF for
both men and women is 1 in 5. At 80 years of age,
remaining lifetime risk for development of new HF
remains at 20% for men and women, even in the face of
a much shorter life expectancy.


— At 40 years of age, the lifetime risk of HF occurring
without antecedent MI is 1 in 9 for men and 1 in 6 for
women.


— The lifetime risk for people with BP �160/90 mm Hg
is double that of those with BP �140/90 mm Hg.


● The annual rates per 1000 population of new HF events for
white men are 15.2 for those 65 to 74 years of age, 31.7 for
those 75 to 84 years of age, and 65.2 for those �85 years of
age. For white women in the same age groups, the rates are
8.2, 19.8, and 45.6, respectively. For black men, the rates are
16.9, 25.5, and 50.6,* and for black women, the estimated
rates are 14.2, 25.5, and 44.0,* respectively (CHS, NHLBI).8


● Among 21 906 white male physicians in the Physicians
Health Study I, there was no significant change in the
age-adjusted incidence of confirmed, self-reported HF
between 1985 and 1989 (1.75 per 1000 person-years) and
2000 and 2004 (1.96 per 1000 person-years).9


● In Olmsted County, Minn, the incidence of HF (ICD-9 428)
did not decline during 2 decades, but the survival rate


*Unreliable estimate.


Abbreviations Used in Chapter 8


ARIC Atherosclerosis Risk in Communities Study


BMI body mass index


BP blood pressure


CARDIA Coronary Artery Risk Development In Young Adults
Study


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHS Cardiovascular Health Study


EF ejection fraction


EPHESUS Eplerenone Post-Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study


FHS Framingham Heart Study


HF heart failure


ICD International Classification of Diseases


MI myocardial infarction


mm Hg millimeters of mercury


NCHS National Center for Health Statistics


NH non-Hispanic


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHLBI National Heart, Lung, and Blood Institute
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improved overall, with less improvement, however, among
women and elderly persons.10


● Data from the ARIC study of the NHLBI found the age-
adjusted incidence rate per 1000 person-years to be 3.4 for
white women, significantly less than all other groups—that is,
white men (6.0), black women (8.1), and black men (9.1). The
30-day, 1-year, and 5-year case fatality rates after hospitaliza-
tion for HF were 10.4%, 22%, and 42.3%, respectively.
Blacks had a greater 5-year case fatality rate than that of
whites (P�0.05). HF incidence rates in black women were
more similar to those of men than of white women. The
greater HF incidence in blacks than in whites is explained
largely by blacks’ greater levels of atherosclerotic risk
factors.11


● Data from Kaiser Permanente indicated an increase in the
incidence of HF and improved survival rate among the
elderly, with both of these effects being greater in men.12


● Data from hospitals in Worcester, Mass, indicate that
during 2000, the incidence and attack rates for HF were
219 per 100 000 and 897 per 100 000, respectively. HF was
more frequent in women and the elderly. The hospital
fatality rate was 5.1%.13


● A retrospective study of a well-defined population of older
persons provides further insight into the epidemic increase
in HF observed in the United States and elsewhere between
the 1970s and 1990s. The epidemic increase in HF among
the older population is associated with increased incidence
and improved survival rate, with both of these effects being
greater in men than in women.12


● Data from the CARDIA study indicate that HF before age
50 years is more common among blacks than whites.
Hypertension, obesity, and systolic dysfunction are impor-
tant risk factors that may be targets for prevention.14


Risk Factors


● In the NHLBI-sponsored FHS, hypertension is a common
risk factor for HF that contributed to a large proportion of
HF cases, followed closely by antecedent MI.15


● In a 1993 to 2000 study of 2763 postmenopausal women
with established coronary disease, diabetes was the stron-
gest risk factor for HF. Diabetic women with elevated BMI
or reduced creatinine clearance were at highest risk, with
annual incidence rates of 7% and 13%, respectively.
Among nondiabetic women with no risk factors, the annual
incidence of HF was 0.4%. HF incidence increases with
each additional risk factor, and nondiabetic women with
�3 risk factors had an annual incidence of 3.4%. Among
diabetic persons with no additional risk factors, the annual
incidence of HF was 3.0%, compared with 8.2% among
diabetics with �3 additional risk factors.16


● The prevalence of diabetes is increasing among older
persons with HF, and diabetes is a risk factor for death in
these individuals. Between 1979 and 1999, among subjects
in Olmsted, Minn, with a first diagnosis of HF, data
indicate that the prevalence of diabetes increased 3.8%
every year. The odds of having diabetes for those first
diagnosed with HF in 1999 were nearly 4 times higher than
for those diagnosed 20 years earlier. The 5-year survival


rate was 46% for those with HF alone, but only 37% for
those with HF and diabetes mellitus.17


● In the Framingham Offspring Study, among 2739 partici-
pants, increased circulating concentrations of resistin were
associated with incident HF, independently of prevalent cor-
onary disease, obesity, insulin resistance, and inflammation.18


Left Ventricular Function


● Data from Olmsted County, Minn, indicate that:


— Among asymptomatic individuals, the prevalence of
left ventricular diastolic dysfunction was 21% for mild
diastolic dysfunction and 7% for moderate or severe
diastolic dysfunction. Altogether, 6% had moderate or
severe diastolic dysfunction with normal ejection frac-
tion (EF). The prevalence of systolic dysfunction was
6%. The presence of any left ventricular dysfunction
(systolic or diastolic) was associated with an increased
risk of developing overt HF, and diastolic dysfunction
was predictive of all-cause death.19


— Among individuals with symptomatic HF, the preva-
lence rates of left ventricular diastolic dysfunction were
6% for mild diastolic dysfunction and 75% for moder-
ate or severe diastolic dysfunction. Isolated diastolic
dysfunction (diastolic dysfunction with preserved EF)
was present in 44% of persons presenting with HF. The
prevalence of systolic dysfunction was 45%.20


— The proportion of persons with HF and preserved EF
increased over time. The survival rate improved over
time among individuals with reduced EF but not among
those with preserved EF.21


Mortality


● In 2006, HF any-mention mortality was 282 754 (159 167
males and 123 587 females). HF was mentioned on 282 754
US death certificates and was selected as the underlying cause
in 60 337 of those deaths.22 In preliminary 2007 mortality, HF
was selected as the underlying cause in 57 235 deaths.23


Unlike other cardiovascular diseases, HF is the end stage of a
cardiac disease. It is most often a consequence of hyperten-
sion, CHD, valve deformity, diabetes, or cardiomyopathy.
There are other less common causes of HF. For each of the
60 337 deaths, the true underlying cause—that is, the origin of
HF—is not known. The certifier of the cause of death either
failed to report the underlying cause or had insufficient
information to do so. In those cases, HF must be nominally
coded as the underlying cause. Table 8-1 contains the total-
mention numbers of deaths from HF, with a footnote giving
the numbers of these deaths that are coded to HF as the
underlying cause.


● The 2006 overall any-mention death rate for HF was 89.2.
Any-mention death rates were 103.7 for white males, 105.9
for black males, 80.3 for white females, and 84.4 for black
females (NCHS, NHLBI).


● One in 8 deaths has HF mentioned on the death certificate
(NCHS, NHLBI).
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● The number of any-mention deaths from HF was about as
high in 1995 (287 000) as it was in 2006 (283 000) (NCHS,
NHLBI).


● On the basis of follow-up of the original and offspring FHS
cohorts (NHLBI) 65 to 74 years of age for selected time
periods from the 1950s to the 1990s:


— The 1-year mortality rate for HF is high, with 1 in 5
dying.


— After HF is diagnosed, survival is lower in men than in
women: 59% of men and 45% of women that age who
have HF diagnosed will die within 5 years.


— Even after surviving at least 30 days after onset, 54% of
men and 40% of women will die within 5 years.


— Although these percentages are appreciable, rates of
death after onset of HF declined by approximately one
third from the 1950s to the 1990s in both sexes.24,25


Hospital Discharges/Ambulatory Care Visits


● Hospital discharges for HF increased from 877 000 in 1996
to 1 106 000 in 2006 (unpublished data from the NHDS
2006, NCHS).26


● Data from Ambulatory Medical Care Utilization Estimates for
2007 showed the number of visits for HF was 3 434 000.27


Cost


● The estimated direct and indirect cost of HF in the United
States for 2010 is $39.2 billion.28 (See Chapter 20.) This
estimate is likely greatly understated because it is based on data
for HF as the primary diagnosis or underlying cause of death.


● Cost utilization data from 1516 outpatients enrolled in the
EPHESUS study found that health status assessments can
identify HF outpatients with left ventricular dysfunction
after MI who are likely to have high resource use over the
following year despite excellent medical therapy.29
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Table 8-1. Heart Failure


Population Group
Prevalence, 2006


Age �20 y
Incidence (New Cases)


Age �45 y
Mortality (Any Mention),


2006 All Ages*
Hospital Discharges,


2006 All Ages Cost, 2010


Both sexes 5 800 000 (2.6%) 670 000 282 754 1 106 000 $39.2 billion


Males 3 100 000 (3.1%) 350 000 123 600 (43.7%)† 523 000 � � �


Females 2 700 000 (2.1%) 320 000 159 167 (56.3%)† 583 000 � � �


NH white males 3.2% � � � 110 250 � � � � � �


NH white females 2.1% � � � 142 378 � � � � � �


NH black males 3.0% � � � 10 926 � � � � � �


NH black females 3.6% � � � 14 151 � � � � � �


Mexican American males 1.7% � � � � � � � � � � � �


Mexican American females 1.8% � � � � � � � � � � � �


Ellipses (…) indicate data not available.
*Mortality data are for whites and blacks and include Hispanics.
†These percentages represent the portion of total HF mortality that is for males vs females.
Sources: Prevalence: NHANES 2003–2006 (NCHS) and NHLBI. Percentages are age adjusted for Americans �20 years of age. Age-specific percentages are extrapolated


to the 2006 US population estimates. These data are based on self-reports. Incidence: FHS, 1980–2003 from NHLBI Incidence and Prevalence Chart Book, 2006. Mortality:
NCHS. HF as an underlying cause of death accounted for 60 337 of the any-mention deaths in 2006: 23 918 males and 36 419 females. Hospital discharges: NHDS, NCHS;
data include those inpatients discharged alive, dead, or “status unknown.” Cost: NHLBI; data include estimated direct and indirect costs for 2010.


Chart 8-1. Prevalence of HF by sex and age (NHANES: 2003–2006). Source: NCHS and NHLBI.
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Chart 8-2. Incidence of HF (HF based on physician review of medical records and strict diagnostic criteria) by age and sex
(FHS 1980–2003). Source: NHLBI.


Chart 8-3. Hospital discharges for HF by sex (United States: 1979–2006). Note: Hospital discharges include people discharged
alive, dead, and status unknown. Source: NHDS/NCHS and NHLBI.
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9. Other Cardiovascular Diseases


See Table 9-1.


Mortality and any mention mortality in this section are for
2006. “Mortality” is the number of deaths in 2006 for the
given underlying cause. Prevalence data are for 2006. Hos-
pital discharge data are from the NHDS/NCHS; data include
inpatients discharged alive, dead, or status unknown. Hospital
discharge data for 2006 are based on ICD-9 codes.


Rheumatic Fever/Rheumatic Heart Disease
ICD-9 390 to 398; ICD-10 I00-I09.
Mortality—3257. Any-mention mortality—6033.


● The incidence of acute rheumatic fever has decreased in the
United States.1


● Although localized outbreaks have occurred, the overall
incidence of acute rheumatic fever remains very low in
most areas of the United States.2,3


● The incidence of rheumatic fever remains high in blacks,
Puerto Ricans, Mexican Americans, and American
Indians.4


● In 1950, �15 000 Americans (adjusted for changes in ICD
codes) died of rheumatic fever/rheumatic heart disease,
compared with �3300 today (NCHS/NHLBI).


● From 1996 to 2006, the death rate from rheumatic fever/
rheumatic heart disease fell 8.3%, and actual deaths de-
clined 26.2% (NCHS/NHLBI).


● The 2006 overall death rate for rheumatic fever/rheumatic
heart disease was 1.1. Death rates were 0.8 for white males,
0.7 for black males, 1.3 for white females, and 0.9 for black
females (NCHS/NHLBI).


● Immune risk factors have been linked with rheumatic heart
disease. HLA typing was performed in 120 black patients
with severe chronic rheumatic heart disease requiring
cardiac surgery, HLA-DR 1 antigen was present in 12.6%
of patients compared with 2.7% of normal control subjects,
and the HLA-DRw6 antigen was present in 31.1% of
patients compared with 15% of control subjects, suggesting
that genetically determined immune response factors may
play a role in the pathogenesis of severe chronic rheumatic
heart disease.5


Pulmonary Embolism
ICD-9 415.1; ICD-10 I26.
Mortality—6924. Any-mention mortality—27 755. Hospital
discharges—145 000.


● In the Nurses’ Health Study, nurses �60 years of age in the
highest BMI quintile had the highest rates of PE. Heavy
cigarette smoking and HBP were also identified as risk
factors for PE.6


● Death occurs in �12% of recognized PE cases within 1
month of diagnosis.7


● A study of Medicare recipients �65 years of age reported
30-day case fatality rates in patients with PE. Overall, men
had higher fatality rates than women (13.7% versus
12.8%), and blacks had higher fatality rates than whites
(16.1% versus 12.9%).6


● In the International Cooperative Pulmonary Embolism
Registry, the 3-month mortality rate was 17.5%. In con-
trast, the overall 3-month mortality rate in the Prospective
Investigation of Pulmonary Embolism Diagnosis was 15%,
but only 10% of deaths during 1 year of follow-up were
ascribed to PE.6


● The age-adjusted rate of deaths from pulmonary thrombo-
embolism decreased from 191 per million in 1979 to 94 per
million in 1998 overall, decreasing 56% for men and 46%
for women. During this time, the age-adjusted mortality
rates for blacks were consistently 50% higher than those for
whites, and those for whites were 50% higher than those
for people of other races (eg, Asian, American Indian).
Within racial strata, mortality rates were consistently 20%
to 30% higher among men than among women.8


Abbreviations Used in Chapter 9


AAA abdominal aortic aneurysm


ABI ankle brachial index


AF atrial fibrillation


AHA American Heart Association


ARIC Atherosclerosis Risk in Communities study


BMI body mass index


CAD coronary artery disease


CARDIA Coronary Artery Risk Development in Young Adults


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHF congestive heart failure


CHS Cardiovascular Health Study


CI confidence interval


CVD cardiovascular disease


DVT deep vein thrombosis


FHS Framingham Heart Study


HBP high blood pressure


HF heart failure


HLA human leukocyte antigen


ICD International Classification of Diseases


IE infective endocarditis


KD Kawasaki disease


MI myocardial infarction


NCHS National Center for Health Statistics


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHLBI National Heart, Lung, and Blood Institute


OR odds ratio


PAD peripheral arterial disease


PE pulmonary embolism


REACH Reduction of Atherothrombosis for Continued Health


RR relative risk


VTE venous thromboembolism


WHO World Health Organization


WRIGHT WHO Research Into Global Hazards of Travel
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Bacterial Endocarditis
ICD-9 421.0; ICD-10 I33.0.
Any-mention mortality—2554. Hospital discharges—35 000,
primary plus secondary diagnoses.


● The 2007 AHA Guidelines on Prevention of Infective Endo-
carditis9 state that IE is thought to result from the following
sequence of events: (1) formation of nonbacterial thrombotic
endocarditis on the surface of a cardiac valve or elsewhere that
endothelial damage occurs; (2) bacteremia; and (3) adherence
of the bacteria in the bloodstream to nonbacterial thrombotic
endocarditis and proliferation of bacteria within a vegetation.
Viridans group streptococci are part of the normal skin, oral,
respiratory, and gastrointestinal tract flora, and they cause
�50% of cases of community-acquired native valve IE not
associated with intravenous drug use.10


● Transient bacteremia is common with manipulation of the
teeth and periodontal tissues, and reported frequencies of
bacteremia due to dental procedures vary widely: tooth
extraction (10% to 100%), periodontal surgery (36% to 88%),
scaling and root planing (8% to 80%), teeth cleaning (up to
40%), rubber dam matrix/wedge placement (9% to 32%), and
endodontic procedures (up to 20%). Transient bacteremia also
occurs frequently during routine daily activities unrelated to
dental procedures: tooth brushing and flossing (20% to 68%),
use of wooden toothpicks (20% to 40%), use of water
irrigation devices (7% to 50%), and chewing food (7% to
51%). When it is considered that the average person living in
the United States has �2 dental visits per year, the frequency
of bacteremia from routine daily activities is far greater than
that associated with dental procedures.11


● Although the absolute risk for IE from a dental procedure
is impossible to measure precisely, the best available
estimates are as follows: If dental treatment causes 1% of
all cases of viridans group streptococcal IE annually in the
United States, the overall risk in the general population is
estimated to be as low as 1 case of IE per 14 million dental
procedures. The estimated absolute risk rates for IE from a
dental procedure in patients with underlying cardiac con-
ditions are as follows9:


— Mitral valve prolapse: 1 per 1.1 million procedures;
— CHD: 1 per 475 000;
— Rheumatic heart disease: 1 per 142 000;
— Presence of a prosthetic cardiac valve: 1 per 114 000; and
— Previous IE: 1 per 95 000 dental procedures.


● Although these calculations of risk are estimates, it is likely
that the number of cases of IE that result from a dental
procedure is exceedingly small. Therefore, the number of
cases that could be prevented by antibiotic prophylaxis,
even if prophylaxis were 100% effective, is similarly small.
One would not expect antibiotic prophylaxis to be near
100% effective, however, because of the nature of the
organisms and choice of antibiotics.9


Valvular Heart Disease
ICD-9 424; ICD-10 I34-I38.


Mortality—21 386 Any-mention mortality—43 700. Hospi-
tal discharges—93 000.


● Echocardiographic data from the CARDIA Study (4351),
the ARIC Study (2435), and the CHS (5125) were pooled
to assess the prevalence of valve disease. The prevalence
increased with age, from 0.7% (95% CI, 0.5 to 1.0) in
participants 18 to 44 years of age to 13.3% (95% CI, 11.7
to 15.0) in participants �75 years of age (P�0.0001). The
prevalence of valve disease, adjusted to the US 2000
population, was 2.5% (95% CI, 2.2 to 2.7). The adjusted
mortality risk ratio associated with valve disease was 1.36
(95% CI, 1.15 to 1.62; P�0.0005).11


● Doppler echocardiography data in 1696 men and 1893
women (54�10 years of age) attending a routine exami-
nation at the Framingham Study were used to assess the
prevalence of valvular regurgitation. Mitral regurgitation
and tricuspid regurgitation of more than or equal to mild
severity were seen in 19.0% and 14.8% of men and 19.1%
and 18.4% of women, respectively. Aortic regurgitation of
more than or equal to trace severity was present in 13.0%
of men and 8.5% of women.12


Aortic Valve Disorders
ICD-9 424.1; ICD-10 I35.
Mortality—13 752. Any-mention mortality—27 380. Hospi-
tal discharges—49 000.


● Calcific aortic stenosis on a trileaflet valve or bicuspid aortic
valve are the most common causes of aortic stenosis.13


● In the Euro Heart Survey, which included 4910 patients in
more than 25 countries, aortic stenosis was the most
frequent lesion, accounting for 43% of all patients having
valvular heart disease.14


● Among men and women �65 years of age enrolled in the
CHS who underwent echocardiography, the aortic valve
was normal in 70% of cases, sclerotic without outflow
obstruction in 29%, and stenotic in 2%. Aortic sclerosis
was associated with an increase of �50% in the risk of
death from cardiovascular causes and the risk of MI.15


Clinical factors associated with aortic sclerosis and stenosis
were similar to risk factors for atherosclerosis.16 These data
largely exclude congenital heart disease patients, a group
that is expected to increasingly contribute to the prevalence
of valve disease.


Mitral Valve Disorders
ICD-9 424.0; ICD-10 I34.
Mortality—2581. Any-mention mortality—�5975. Hospital
discharges—41 000.


Prevalence


● In pooled data from the CARDIA, ARIC, and CHS studies,
mitral valve disease was the most common valvular lesion.
At least moderate mitral regurgitation occurred in a fre-
quency of 1.7% as adjusted to the US adult population of
2000, increasing from 0.5% to 9.3% between 18 and �75
years of age.11
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● Isolated mitral stenosis is more common in women and
occurs in 40% of all patients presenting with rheumatic
heart disease.17


● The NHLBI-sponsored FHS reports that among people 26
to 84 years of age, prevalence of mitral valve disorders is
�1% to 2% and equal between women and men.18


● The prevalence of mitral valve prolapse in the general
population was evaluated with the use of echocardiograms
of 1845 women and 1646 men who participated in the fifth
examination of the Offspring Cohort of the FHS. The
prevalence of mitral valve prolapse was 2.4%. The frequen-
cies of chest pain, dyspnea, and ECG abnormalities were
similar among subjects with prolapse and those without
prolapse.18


Pulmonary Valve Disorders
ICD-9 424.3; ICD-10 I37.
Mortality—12. Any-mention mortality—28.


Tricuspid Valve Disorders
ICD-9 424.2; ICD-10 I36.
Mortality—12 Any-mention mortality—93.


Endocarditis, Valve Unspecified
ICD-9 424.9; ICD-10 I38.
Mortality—5029 Any-mention mortality—10 186.


Arrhythmias (Disorders of Heart Rhythm)
ICD-9 426, 427; ICD-10 I46-I49.
Mortality—36 860. Any-mention mortality—461 016. Hos-
pital discharges—835 000.


● In 2006, $3.1 billion ($7783 per discharge) was paid to
Medicare beneficiaries for cardiac dysrhythmias.19


Atrial Fibrillation and Flutter
ICD-9 427.3; ICD-10 I48.
Mortality—11 438. Any-mention mortality—90 000. Preva-
lence —�2.2 million, projected to 2.66 million in 2010.20,21


Incidence—�75 000.21 Hospital discharges—461 000.


● Participants in the NHLBI-sponsored FHS study were
followed up from 1968 to 1999. At 40 years of age,
remaining lifetime risks for AF were 26.0% for men and
23.0% for women. At 80 years of age, lifetime risks for AF
were 22.7% for men and 21.6% for women. In further
analysis, counting only those who had development of AF
without prior or concurrent HF or MI, lifetime risk for AF
was �16%.22


● Data from a large community-based population suggest
that AF is less prevalent in blacks than in whites, both
overall and in the setting of CHF.20,23


● Data from the NHDS/NCHS (1996–2001) on cases that
included AF as a primary discharge diagnosis found the
following24:


— Approximately 44.8% of patients were men.
— The mean age for men was 66.8 years, versus 74.6


years for women.


— The racial breakdown for admissions was 71.2% white,
5.6% black, and 2.0% other races (20.8% were not
specified).


— Black patients were much younger than patients of
other races.


— The incidence in men ranged from 20.58/100 000 persons
per year for patients between 15 and 44 years of age to
1077.39/100 000 persons per year for patients �85 years
of age. In women, the incidence ranged from 6.64/100 000
persons per year for patients between 15 and 44 years of
age to 1203.7/100 000 persons per year for those �85
years of age.


— From 1996 to 2001, hospitalizations with AF as the
first-listed diagnosis increased 34%.


● In 1999, the CDC analyzed data from national and state
multiple-cause mortality statistics and Medicare hospital
claims for persons with AF. The most common disease
listed as the primary diagnosis for persons hospitalized
with AF was HF (11.8%), followed by AF (10.9%), CHD
(9.9%), and stroke (4.9%).25 In Olmsted County, Minne-
sota, the age-adjusted incidence of clinically recognized
AF in a white population increased by 12.6% between 1980
and 2000.26,27


— The incidence of AF was greater in men (incidence
ratio for men over women, 1.86) and increased mark-
edly with older age.26


— If incidence estimates are applied to US population
projections from the Census Bureau, the projected
number of persons with AF may exceed 12 million by
2050.26


— Among Medicare patients �65 years of age, AF prev-
alence increased from 3.2% in 1992 to 6.0% in 2002,
with higher prevalence in older subsets of the study
population. Stroke rates per 1000 patient-years declined
from 46.7 in 1992 to 19.5 in 2002 for ischemic stroke
but remained fairly steady for hemorrhagic stroke (1.6
to 2.9).28


— AF independently increases the risk of ischemic stroke
by 4- to 5-fold.29


— AF is responsible for at least 15% to 20% of all
ischemic strokes.21


— Paroxysmal, persistent, and permanent AF all appear
to increase the risk of ischemic stroke to a similar
degree.30


— AF is also an independent risk factor for ischemic
stroke severity and recurrence. In one study, persons
who have AF and are not treated with anticoagulants
had a 2.1-fold increase in risk for recurrent stroke and
a 2.4-fold increase in risk for recurrent severe stroke.31


— Isolated chronic atrial flutter is uncommon but is
associated with a high risk of developing AF,32 and data
from a sample of 191 patients with chronic atrial flutter
revealed a risk of ischemic stroke that was similar to
that for AF.33


— A study of �4600 patients diagnosed with first AF
showed that risk of death within the first 4 months after
the AF diagnosis was high. The most common causes
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of CVD death were CAD, HF, and ischemic stroke,
accounting for 22%, 14%, and 10% respectively, of the
early deaths (within the first 4 months) and 15%, 16%,
and 7%, respectively, of the late deaths.27


Other Arrhythmias


Tachycardia
ICD-9 427.0, 1, 2; ICD-10 I47.0, 1, 2, 9.
Mortality—575. Any-mention mortality— 6000. Hospital
discharges—80 000.


Paroxysmal Supraventricular Tachycardia
ICD-9 427.0; ICD-10 I47.1.
Mortality—125. Any-mention mortality—1294. Hospital
discharges—29 000.


Ventricular Fibrillation
ICD-9 427.4; ICD-10 I49.0.
Mortality—1014 Any-mention mortality—9 800. Hospital
discharges—7000.


Ventricular fibrillation is listed as the cause of relatively
few deaths, but the overwhelming majority of sudden cardiac
deaths from coronary disease (estimated at �310 000 per
year) are thought to be from ventricular fibrillation.


● In Olmsted County, Minn, the incidence of out-of-hospital
treated ventricular fibrillation decreased from 1985 to
200234:


— 1985 to 1989: 26.3/100 000 (95% CI, 21.0 to 32.6)
— 1990 to 1994: 18.2/100 000 (95% CI, 14.1 to 23.1)
— 1995 to 1999: 13.8/100 000 (95% CI, 10.4 to 17.9)
— 2000 to 2002: 7.7/100 000 (95% CI, 4.7 to 11.9).


Arteries, Diseases of
ICD-9 440 to 448; ICD-10 I70-I79. Includes peripheral
arterial disease (PAD).
Mortality—31 136. Any-mention mortality—96 900. Hospi-
tal discharges—284 000.


Aortic Aneurysm
ICD-9 441; ICD-10 I71.
Mortality—13 238. Any-mention mortality—18 800. Hospi-
tal discharges—57 000.


● Although the definition varies somewhat by age and
body surface area, generally, an AAA is considered to be
present when the anteroposterior diameter of the aorta
reaches 3.0 cm.35


● The prevalence of AAAs 2.9 to 4.9 cm in diameter ranges
from 1.3% in men 45 to 54 years of age to 12.5% in men
75 to 84 years of age. For women, the prevalence ranges
from 0% in the youngest to 5.2% in the oldest age groups.35


● Factors associated with increased prevalence of AAA
include older age, male sex, family history of AAA,
tobacco use, hypertension, and manifest atherosclerotic
disease in other vascular beds including the coronary and
peripheral arteries.35,36 The association of dyslipidemia
with AAA is mixed.37


● Patients with diabetes mellitus are approximately half as
likely as patients without diabetes to have AAA.38,39


● Male sex, older age, and smoking are important risk factors
for incident AAA in the next 7 years.40


● Large AAAs tend to expand more rapidly than small
AAAs, and large AAAs are at substantially higher risk for
rupture.35


— Average annual expansion rates are �1 to 4 mm for
aneurysms �4.0 cm in diameter, 4 to 5 mm for AAAs
4.0 to 6.0 cm in diameter, and as much as 7 to 8 mm for
AAAs �6.0 cm in diameter.


— Absolute risk for eventual rupture is �20% for AAAs
�5.0 cm, �40% for AAAs �6.0 cm, and �50% for
AAAs �7.0 cm in diameter.


— Rupture of an AAA may be associated with death rates
as high as 90%.


Atherosclerosis
ICD-9 440; ICD-10 I70.
Mortality—8652. Any-mention mortality—50 600. Hospital
discharges—129 000.


Atherosclerosis is a process that leads to a group of
diseases characterized by a thickening of artery walls. Ath-
erosclerosis causes many deaths from heart attack and stroke
and accounts for nearly three fourths of all deaths from CVD
(FHS, NHLBI).


Analysis of data from the REACH Registry41 showed that
atherothrombosis (CAD, CVD, and PAD) is associated with
the main causes of death on a worldwide scale. Despite
decreases in age-adjusted death rates, the absolute number of
deaths from these conditions continues to increase, and
prevalence is increasing sharply in other parts of the world.
Atherothrombotic diseases are projected to be the leading
cause of death worldwide in 2020. In the REACH study,
outpatients with established atherosclerotic arterial disease or
at risk of atherothrombosis experienced relatively high annual
cardiovascular event rates. Multiple disease locations in-
creased the 1-year risk of cardiovascular events.42


Other Diseases of Arteries
ICD-9 442 to 448; ICD-10 I72-I78.
Mortality—9246. Any-mention mortality—31 571 Hospital
discharges—97 000.


Venous Thromboembolism


● VTE occurs for the first time in �100 per 100 000 persons
each year in the United States. Approximately one third of
patients with symptomatic VTE manifest PE, whereas two
thirds manifest DVT alone.7


● Whites and blacks have a significantly higher incidence
than Hispanics and Asians or Pacific Islanders.7


● In studies in Worcester, Mass, and Olmsted County, Minn,
the incidence of VTE was �1 in 1000. In both studies,
VTE was more common in men; for each 10-year increase
in age, the incidence doubled. By extrapolation, it is
estimated that �250 000 patients are hospitalized annually
with VTE.6
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● The crude incidence rate per 1000 person-years was 0.80 in
the ARIC study, 2.15 in the CHS, and 1.08 in the combined
cohort. Half of the participants who developed incident
VTE were women, and 72% were white.43


● A recent clinical trial (JUPITER) of individuals at risk for
arterial CVD events examined venous thromboembolism
(including PE) as an end point as well. Of note, the
incidence of venous thromboembolic events was identical
to the incidence rates for stroke and fatal/nonfatal MI.44


● More than 200 000 new cases of VTE occur annually. Of
these, 30% die within 30 days, one fifth suffer sudden death
due to PE, and �30% develop recurrent VTE within 10
years. Independent predictors for recurrence include in-
creasing age, obesity, malignant neoplasm, and extremity
paresis.45


● Data from the ARIC study of the NHLBI showed that the
28-day fatality rate from DVT is 9%; from PE, 15%; from
idiopathic DVT or PE, 5%; from secondary non–cancer-
related DVT or PE, 7%; and from secondary cancer-related
DVT or PE, 25%.46


● The RR of VTE among pregnant or postpartum women was
4.29, and the overall incidence of VTE (absolute risk) was
199.7 per 100 000 woman-years. The annual incidence was
5 times higher among postpartum women than pregnant
women, and the incidence of DVT was 3 times higher than
that of PE. PE was relatively uncommon during pregnancy
versus the postpartum period. Over the 30-year period, the
incidence of VTE during pregnancy remained relatively
constant, whereas the postpartum incidence of PE de-
creased �2-fold.47


● On the basis of a prospective study of black and white
middle-aged adults in the ARIC study of the NHLBI, it was
found that consumption of �4 servings of fruit and
vegetables per day or �1 serving of fish per week was
associated with lower incidence of VTE. In a comparison
of the highest quintile of intake with the lowest, red and
processed meat and a Western diet pattern were positively
associated with incident VTE.48


● Results from phase I of the WHO WRIGHT project found
that the risk of developing VTE approximately doubles
after travel lasting �4 hours. Nevertheless, the absolute
risk of developing VTE if seated and immobile for �4
hours remains relatively low, at �1 in 6000. Other risk
factors that increase the risk of VTE during travel are
obesity, being very tall or very short, use of oral contra-
ceptives, and inherited blood disorders that lead to in-
creased clotting tendency. One study within the project
examining flights in particular found that those taking
multiple flights over a short period of time are also at
higher risk.49 This is because the risk of VTE remains
elevated for �4 weeks.


Deep Vein Thrombosis
ICD-9 451.1; ICD-10 I80.2.
Mortality—2328. Any-mention mortality—12 100.


A review of 9 studies conducted in the United States and
Sweden showed that the mean incidence of first DVT in the
general population was 5.04 per 10 000 person-years. The


incidence was similar in males and females and increased
dramatically with age from �2 to 3 per 10 000 person-years
at 30 to 49 years of age to 20 at 70 to 79 years of age.50


● Death occurs in �6% of DVT cases within 1 month of
diagnosis.7


Kawasaki Disease
ICD-9 446.1; ICD-10 M30.3.
Mortality—3. Any-mention mortality—8. Hospital discharg-
es—5000 (figure considered unreliable), primary plus sec-
ondary diagnoses.


● There were an estimated 5600 admissions for KD in 2006.
KD occurs more often among boys (60%) and among those
of Asian ancestry41 (Jane W. Newburger and Kimberlee
Gauvreau of Children’s Hospital of Boston, Mass; written
communication, June 19, 2009).


● An estimated 4248 hospitalizations for KD occurred in the
United States in 2000, with a median patient age of 2 years.
Race-specific incidence rates indicate that KD is most
common among Americans of Asian and Pacific Island
descent (32.5/100 000 children �5 years of age), occurs
with intermediate frequency in non-Hispanic blacks (16.9/
100 000 children �5 years of age) and Hispanics (11.1/
100 000 children �5 years of age), and is least common in
whites (9.1/100 000 children �5 years of age).51 In the
United States, KD is more common during the winter and
early spring months; boys outnumber girls by �1.5:1 to
1.7:1; and 76% of children are �5 years of age.52


Peripheral Arterial Disease


● PAD affects �8 million Americans and is associated with
significant morbidity and mortality.53 Prevalence increases
dramatically with age, and PAD disproportionately affects
blacks.54


● PAD affects 12% to 20% of Americans �65 years of age.55


Despite its prevalence and cardiovascular risk implications,
only �20% to 30% of patients with PAD are on recom-
mended antiplatelet therapy and/or lipid-lowering therapy.56


● In the general population, only �10% of persons with PAD
have the classic symptom of intermittent claudication.
Approximately 40% do not complain of leg pain, whereas
the remaining 50% have a variety of leg symptoms differ-
ent from classic claudication.53,57 In an older, disabled
population of women, however, as many as two thirds of
individuals with PAD had no exertional leg symptoms.58


● Intermittent claudication is present in �1% of individuals
�50 years of age and ��5% of those �80 years of age.35


● In the FHS (NHLBI), the incidence of PAD was based on
symptoms of intermittent claudication in subjects 29 to 62
years of age. Annual incidence of intermittent claudication
per 10 000 subjects at risk increased from 6 in men and 3
in women between the ages of 30 and 44 years to 61 in men
and 54 in women between the ages of 65 and 74 years. The
incidence of intermittent claudication has declined since
1950, but survival among persons with intermittent claudi-
cation has remained low.59
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● The risk factors for PAD are similar but not identical to
those for CHD. Diabetes and cigarette smoking are stron-
ger risk factors for PAD than for CHD.35 ORs for associ-
ations of diabetes and smoking with symptomatic PAD are
�3.0 to 4.0. Most studies suggest that the prevalence of
PAD is similar in men and women.60


● A recent meta-analysis of 24 955 men and 23 339 women
demonstrated that the association of the ankle brachial
index (ABI) with mortality demonstrates a reverse
J-shaped distribution in which participants with an ABI of
1.11 to 1.40 are at lowest risk for mortality.61 Furthermore,
an ABI �0.90 added meaningfully to the Framingham Risk
Score in predicting 10-year risk of total mortality, cardio-
vascular mortality, and major coronary events. An ABI
�0.90 approximately doubled the risk of total mortality,
cardiovascular mortality, and major coronary events in
each Framingham Risk Score category.61


● Among 508 patients (449 men) identified from two vascu-
lar laboratories in San Diego, California, a decline in ABI
of more than 0.15 within a 10-year period was associated
with an increased risk of all-cause mortality (RR�2.4) and
CVD mortality (RR of 2.8) at 3 years’ follow-up.62


● Men and women with PAD have higher levels of inflam-
matory biomarkers than individuals without PAD. Elevated
levels of C-reactive protein were associated with an in-
creased risk of developing PAD among men in the Physi-
cians’ Health Study.63 The OR for developing PAD 5 years
after C-reactive protein measurement was 2.1 for those in
the highest versus lowest baseline quartile of C-reactive
protein. Among participants in the Women’s Health Study,
women in the highest baseline tertile for levels of soluble
intercellular adhesion molecule-1 had a 2-fold increased
risk of developing PAD compared with women in the
lowest baseline tertile for soluble intercellular adhesion
molecule-1, 12 years after soluble intercellular adhesion
molecule-1 measurement.64 Among individuals with PAD,
higher levels of inflammatory biomarkers are associated
with increased all-cause and cardiovascular mortality rate
and increased risk of failure of lower-extremity revascular-
ization procedures.65,66


● Persons with PAD have impaired function and quality of
life. This is true even for persons who do not report leg
symptoms. Furthermore, PAD patients, including those
who are asymptomatic, experience a significant decline in
lower-extremity functioning over time.67,68


● Pooled data from 11 studies in 6 countries found that PAD
is a marker for systemic atherosclerotic disease. The age-
and sex-adjusted relative risk of all-cause death was 2.35;
for CVD mortality, 3.34; and for CHD fatal and nonfatal
events combined, 2.13. The findings for stroke were
slightly weaker but still significant, with a pooled relative
risk of 1.86 for fatal and nonfatal events combined.69


● Data from NHANES 1999 to 2000 (NCHS) show that high
blood levels of lead and cadmium are associated with an
increased prevalence of PAD. Exposure to these 2 metals
can occur through cigarette smoke. The risk was 2.8 for
high levels of cadmium and 2.9 for high levels of lead. The
OR of PAD for current smokers was 4.13 compared with
people who had never smoked.70


● Results from NHANES 1999 to 2000 (NCHS) showed a
remarkably high prevalence of PAD among patients with
renal insufficiency.71


● Available evidence suggests that the prevalence of PAD in
persons of Hispanic origin is similar to or slightly higher
than that in non-Hispanic whites.72,73


● Recent studies indicate an association of elevated ankle-
brachial index levels with increased risk of all-cause and
cardiovascular death.74,75


● Among patients with established PAD, higher physical
activity levels during daily life are associated with better
overall survival rate, a lower risk of death from CVD, and
slower rates of functional decline.76,77


● A cross-sectional, population-based telephone survey of
�2500 adults �50 years of age, with oversampling of
blacks and Hispanics, found that 26% expressed familiarity
with PAD. Of these, half were not aware that diabetes and
smoking increase the risk of PAD. One in 4 knew that PAD
is associated with increased risk of heart attack and stroke,
and only 14% were aware that PAD could lead to ampu-
tation. All knowledge domains were lower in individuals
with lower income and education levels.78


● A recent study of proteomic profiling identified that the
protein �-2 microglobulin is elevated in patients with PAD.
In unadjusted analyses of 20 men and women with PAD
and 20 without PAD, �-2 microglobulin levels were highly
correlated with the ankle-brachial index (r�0.727).79
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Table 9-1. Rheumatic Fever/Rheumatic Heart Disease


Population Group
Mortality,


2006 All Ages*
Hospital Discharges,


2006 All Ages


Both sexes 3257 59 000


Males 1008 (30.9%)† 22 000


Females 2249 (69.1%)† 36 000


White males 887 � � �


White females 2016 � � �


Black males 87 � � �


Black females 162 � � �


Ellipses (. . .) indicate that data are not available.
*Mortality data are for whites and blacks and include Hispanics.
†These percentages represent the portion of total mortality that is for males


versus females.
Sources: Mortality: NCHS; data represent underlying cause of death only.


Hospital discharges: NHDS, NCHS, and NHLBI; data include those inpatients
discharged alive, dead, or of unknown status.
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10. Risk Factor: Smoking/Tobacco Use


See Table 10-1 and Charts 10-1 and 10-2.


Prevalence


Youth


● In 2007, in grades 9 through 12, 21.3% of male students
and 18.7% of female students reported current cigarette
use, 19.4% of male students and 7.6% of female students
reported current cigar use, and 13.4% of male students and
2.3% of female students reported current smokeless to-
bacco use. Overall, 30.3% of male students and 21% of
female students reported any current tobacco use.1


● From 1980 to 2007, the percentage of high school seniors who
reported smoking in the previous month decreased 29.2%.
Smoking decreased by 13.8% in male students, 41.3% in
female students, 18.7% in whites, and 57.9% in blacks.2


● Among youths 12 to 17 years of age in 2007, 3.1 million
(12.4%) used a tobacco product in the past month, 2.5
million (9.8%) used cigarettes, and 1.1 million (4.2%) used
cigars, which represents a decrease in use in all categories
compared with 2006. Cigarette use in the past month
declined from 13.0% in 2002 to 9.8% in 2007. Smokeless
tobacco use in the past month was 2.4% in 2007, which was
the same as in 2006 but persistently higher than any
estimates since 2002 (2.0%).3 The 2008 Monitoring the
Future survey showed that ever use of cigarettes among 8th
graders dropped from 44% in 1991 to 20.5% in 2008,
whereas ever use of any tobacco dropped from 55.1% to
31.7% among 10th graders and from 63.1% to 44.7%
among 12th graders.4


● Data from the YRBS5 among high school students indi-
cated that:


— The percentage of students ever trying cigarettes de-
clined from 70.4% in 1999 to 50.3% in 2007.


— The percentage who smoked in the prior 30 days
declined from 36.4% in 1997 to 20% in 2007.


— The percentage who smoked on �20 of the prior 30
days declined from 16.8% in 1999 to 8.1% in 2007.


— The percentage of current tobacco users (cigarettes,
cigars, smokeless tobacco) declined from 43.5% in
1997 to 25.7% in 2007.


● Data from the YRBS of the CDC found that overall, 60.9%
of students in grades 9 to 12 who ever smoked cigarettes
daily tried to quit smoking cigarettes. The prevalence of
this behavior did not vary by grade but was higher among
female students (67.3%) than male students (55.5%) and
higher among black students (68.1%) than Hispanic stu-
dents (54.1%). No other differences were found by race/
ethnicity. Overall, 12.2% of students who ever smoked
cigarettes daily tried to quit smoking cigarettes and were
successful.6


Adults


● From 1965 to 2007, smoking in the United States declined
by 50.4% among people �18 years of age (NCHS).2


● In 2008, among Americans �18 years of age, 23.1% of
men and 18.3% of women were cigarette smokers, putting
them at increased risk of heart attack and stroke.7


● From 1998 to 2007, BRFSS data indicated that smoking
prevalence decreased in 44 states, the District of Columbia,
and Puerto Rico. Six states had no substantial changes in
prevalence after controlling for age, sex, and race/ethnicity.
However, only Utah and the US Virgin Islands met the
Healthy People 2010 target for reducing adult smoking
prevalence to 12%.8


● BRFSS/CDC 2008 data showed that among adults �18
years of age, the median percentage of current smokers
among the states was 18.3%. The highest percentage was in
West Virginia (26.5%), and the lowest was in Utah
(9.3%).9


● Rates of use of any tobacco product among persons 12
years of age in 2006 were 31.4% for non-Hispanic whites
only, 29.1% for non-Hispanic blacks only, 42.3% for
non-Hispanic American Indians or Alaska Natives only,
16% for non-Hispanic Asians only, and 24.4% for Hispan-
ics or Latinos of any race (NCHS).2


● In 2005 to 2007, Asian adults �18 years of age (men
17.2%, women 4.8%) were less likely to be current
smokers than American Indian or Alaska Native adults
(men 30.9%, women 24.3%), white adults (men 23.0%,
women 18.8%), and black adults (men 25.1%, women
17.1%).2


● Among women 15 to 44 years of age, combined data for
2006 and 2007 indicated that the rate of past-month
cigarette use was lower among those who were pregnant
(16.4%) than it was among those who were not pregnant
(28.4%). This pattern was evident among women 18 to 25
years of age (23.3% versus 33.9% for pregnant and
nonpregnant women, respectively) and among women 26
to 44 years of age (11.6% versus 28.3%, respectively).
However, among those 15 to 17 years of age, the rate of
cigarette smoking for pregnant women was higher than for
nonpregnant women (24.3% versus 16.0%, respectively).


Abbreviations Used in Chapter 10


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CVD cardiovascular disease


HD heart disease


HF heart failure


MEPS Medical Expenditure Panel Survey


MI myocardial infarction


NCHS National Center for Health Statistics


NH non-Hispanic


NHANES National Health and Nutrition Examination Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


SHS secondhand smoke


YRBS Youth Risk Behavior Surveillance
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A similar pattern in cigarette smoking was observed in the
combined 2004 to 2005 data, although the difference
among those 15 to 17 years of age was not statistically
significant in the data for those years.3


● Between 1965 and 2004 to 2005, the age-adjusted preva-
lence of noninstitutionalized women �65 years of age (age
adjusted) who were current smokers increased from 8% in
1965 to 13% in the mid-1980s and then decreased back to
8% in 2004 to 2005. In 2004 to 2005, 28% of women and
49% of men �65 years of age (age adjusted) had previ-
ously smoked cigarettes.10


● According to 2004 to 2006 data, most Asian adults had
never smoked, with rates ranging from 65% of Korean
adults to 84% of Chinese adults. Korean adults (22%) were
�2 to 3 times as likely to be current smokers as were
Japanese (12%), Asian Indian (7%), or Chinese (7%)
adults.11


Incidence


● In 2007, �2.2 million persons �12 years of age smoked
cigarettes for the first time within the past 12 months. The
2007 estimate averages out to �6100 new cigarette smok-
ers every day. Most new smokers (59.7%) in 2007 were
�18 years of age when they first smoked cigarettes.3


● Data from 2002 to 2004 from the National Survey on Drug
Use and Health suggest that �1 in 5 nonsmokers 12 to 17
years of age is likely to start smoking. Youths in Mexican
subpopulations were significantly more susceptible
(28.8%) to start smoking than those in non-Hispanic white
(20.8%), non-Hispanic black (23.0%), Cuban (16.4%),
Asian Indian (15.4%), Chinese (15.3%), and Vietnamese
(13.8%) subpopulations. There was no significant differ-
ence in susceptibility to smoking between male and female
youths in any of the major populations or subpopulations.12


● Approximately 80% of people who use tobacco began at
�18 years of age, according to a report from the Surgeon
General of the United States. The most common age of
initiation is 14 to 15 years.13


Mortality


● During 2000 to 2004, cigarette smoking resulted in an
estimated 443 000 premature deaths each year of smoking-
related illnesses, and �49 000 of these deaths were from
SHS. In adults �35 years of age, a total of 32.7% of these
deaths were related to CVD.14


● Each year from 2000 to 2004, smoking caused 3.1 million
years of potential life lost for males and 2.0 million years
for females.14


● From 2000 to 2004, smoking during pregnancy resulted in
an estimated 776 infant deaths annually.14


● Cigarette smoking kills an estimated 178 000 women in the
United States annually. Of these, �40 000 deaths are due
to HD.15


● On average, male smokers die 13.2 years earlier than male
nonsmokers, and female smokers die 14.5 years earlier than
female nonsmokers.16


● Current cigarette smoking is a powerful independent pre-
dictor of cardiac arrest in patients with CHD.17


● After up to 14.5 years of follow-up of participants in the
Lung Health Study of the NHLBI, the all-cause death rate
among participants in a smoking-cessation intervention
was significantly lower (15%) than among those given
usual care.18


● The CDC fact sheet on tobacco-related mortality19 dated
May 2009 stated that:


— Cigarette smoking results in a 2- to 3-fold increased
risk of dying of CHD.


— On average, adults who smoke cigarettes die 13 to14
years earlier than nonsmokers.


— Cigarette smoking kills an estimated 259 500 men and
178 000 women in the United States each year.


Secondhand Smoke


● Data from the “Tobacco Use Supplement” to the “Current
Population Survey” from 1992 to 2003 showed that the
national prevalence of households with smoke-free–home
rules increased from 43.2% during 1992–1993 to 72.2% in
2003. During this period, the prevalence of such rules
increased from 9.6% to 31.8% among households with at
least 1 smoker and from 56.8% to 83.5% among house-
holds with no smokers. Approximately 126 million chil-
dren and nonsmoking adults were still exposed to SHS in
the United States as of 1999–2002.20


● Analysis of data from NHANES found that the percentage
of the US nonsmoking population �4 years of age with
self-reported home SHS exposure declined from 20.9% in
1988–1994 to 10.2% in 1999–2004. The percentage of the
nonsmoking population with detectable serum cotinine
declined from 83.9% in 1988–1994 to 46.4% in 1999–
2004. The percentage of nonsmokers with detectable serum
cotinine decreased for all age groups during 1999–2004
and remained highest for those 4 to 11 years of age (60.5%)
and those 12 to 19 years of age (55.4%) compared with
those �20 years of age (42.2%). By 1999–2004, the gap
increased between non-Hispanic blacks with detectable
serum cotinine (70.5%) and non-Hispanic whites (43.0%)
and Mexican Americans (40.0%). During both periods,
prevalence of SHS exposure in the home was highest
among non-Hispanic blacks and persons with lower in-
comes. For both periods, self-reported home SHS exposure
was not significantly different in males than in females, but
a higher percentage of males had detectable serum cotinine
than did females.21


● Data from a 2006 report of the US Surgeon General on the
consequences of involuntary exposure to tobacco smoke22


indicate the following:


— Exposure among nonsmokers based on detectable lev-
els of cotinine, a biomarker of SHS, fell from 88% in
1988–1991 to 43% in 2001–2002.


— Almost 60% of US children 3 to 11 years of age, or
almost 22 million children, are exposed to SHS.
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— Nonsmokers who are exposed to SHS at home or at
work increase their risk of developing CHD by 25% to
30%.


— Short exposures to SHS can cause blood platelets to
become stickier, damage the lining of blood vessels,
and decrease coronary flow velocity reserves, poten-
tially increasing the risk of an acute MI.


● Healthcare costs associated with exposure to SHS average
$10 billion annually.23


Aftermath


● Among ever-smokers who had 1 circulatory disorder,
52.1% were current smokers, and among those who re-
ported that they had �3 circulatory disorders, 28% were
current smokers at the time of the interview. The adjusted
odds of being a current smoker were lower for individuals
who had ever smoked in life and had �2 central circulatory
disorders, such as MI, HF, or stroke, than for ever-smokers
without a central circulatory disorder.24


● The CDC “Health Effects of Cigarette Smoking” fact
sheet25 provides the following information:


— Cigarette smokers are 2 to 4 times more likely to
develop CHD than are nonsmokers.


— Cigarette smoking approximately doubles a person’s
risk for stroke.


— Cigarette smokers are �10 times as likely as nonsmok-
ers to develop peripheral vascular disease.


— Smoking increases the risk of abdominal aortic
aneurysm.


● According to data from the MEPS in the 2008 National
Healthcare Quality Report, in 2005, 64.5% of smokers with
routine office visits during the preceding year reported that
they had been advised to quit, about the same percentage as
in 2002 (63.5%). Smokers 18 to 44 years of age were less
likely than the other age groups to be advised to quit
smoking.26


Smokeless Tobacco


● In 2006, an estimated 8.2 million Americans �12 years of
age (3.3%) used smokeless tobacco.3


● Data from the CDC fact sheet on smokeless (oral) tobac-
co,27 based on the results of the 2005 National Survey on
Drug Use and Health, indicate the following:


— Nationally, an estimated 3% of adults are current
smokeless tobacco users. Approximately 6% of men
and 0.4% of women use smokeless tobacco.


— Nine percent of American Indian/Alaska Natives, 4%
of whites, 2% of blacks, 1% of Hispanics, and 0.6% of
Asian American adults are current smokeless tobacco
users.


— Eight percent of high school students are current
smokeless tobacco users. Smokeless tobacco use is
more common among male (13.6%) than female (2.2%)
high school students. Estimates by race/ethnicity are


10.2% among whites, 5.1% for Hispanics, and 1.7% for
blacks.


— An estimated 3% of middle school students are current
smokeless tobacco users. Smokeless tobacco is more
common among male (4%) than female (2%) middle
school students. Estimates by race/ethnicity are 3% for
white, 1% for Asian, 2% for black, and 4% for Hispanic
middle school students.


Cost


Direct medical costs ($96 billion) and lost productivity costs
($97 billion) associated with smoking totaled an estimated
$193 billion per year between 2000 and 2004.23
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Table 10-1. Cigarette Smoking


Population Group
Prevalence,


2008 Age �18 y* Cost23


Both sexes 46 000 000 (20.6%) $193 Billion per year


Males 24 800 000 (23.1%) � � �


Females 21 100 000 (18.3%) � � �


White males 23.5% � � �


White female 20.6% � � �


Black males 25.6% � � �


Black females 17.8% � � �


Hispanic or Latino males 20.7% � � �


Hispanic or Latino females 10.7% � � �


NH Asian only (both sexes) 9.9% � � �


NH American Indian/Alaska
Native only (both sexes)


24.3% � � �


Ellipses (…) indicate data not available; NH, non-Hispanic.
*Data are provisional for 2008 for Americans �18 years of age; NHIS/


NCHS.7
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Chart 10-1. Prevalence of students in grades 9 to 12 reporting current cigarette use by sex and race/ethnicity (YRBS, 2007).
Source: MMWR: Morbidity and Mortality Weekly Report.1 NH indicates non-Hispanic.


Chart 10-2. Prevalence of current smoking for adults ≥18 years of age by race/ethnicity and sex (NHIS: 2007). Source: MMWR:
Morbidity and Mortality Weekly Report.28 NH indicates non-Hispanic.
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11. Risk Factor: High Blood Cholesterol
and Other Lipids


See Table 11-1 and Charts 11-1 through 11-3.


Prevalence
For information on dietary cholesterol, total fat, saturated fat,
and other factors that affect blood cholesterol levels, see
Chapter 17 (Nutrition).


Youth


● Among children 4 to 11 years of age, the mean total blood
cholesterol level is 165.1 mg/dL. For boys, it is 164.6
mg/dL; for girls, it is 165.6 mg/dL. The racial/ethnic
breakdown is as follows (NHANES 2003–2006, NCHS
and NHLBI; unpublished analysis):


— For non-Hispanic whites, 165.2 mg/dL for boys and
166.1 mg/dL for girls.


— For non-Hispanic blacks, 165.6 mg/dL for boys and
164.9 mg/dL for girls.


— For Mexican Americans, 161.7 mg/dL for boys and
163.1 mg/dL for girls.


● Among adolescents 12 to 19 years of age, the mean total
blood cholesterol level is 161.1 mg/dL. For boys, it is 157.5
mg/dL; for girls, it is 164.8 mg/dL. The racial/ethnic
breakdown is as follows (NHANES 2003–2006, NCHS
and NHLBI; unpublished analysis):


— For non-Hispanic whites, 155.8 mg/dL for boys and
166.3 mg/dL for girls.


— For non-Hispanic blacks, 161.3 mg/dL for boys and
162.9 mg/dL for girls.


— For Mexican Americans, 158.9 mg/dL for boys and
162.3 mg/dL for girls.


● Approximately 10.2% of adolescents 12 to 19 years of age
have total cholesterol levels �200 mg/dL (NHANES
2003–2006, NCHS and NHLBI; unpublished analysis).


Adults


● An estimated 35 700 000 adults �20 years of age have
total serum cholesterol levels �240 mg/dL (extrapolated to


2006 using NCHS/NHANES 2003–2006 data), with a
prevalence of 16.2% (Table 11-1).11


● Data from the BRFSS study of the CDC in 2007 showed
that the percentage of adults who had been screened for
high blood cholesterol in the preceding 5 years ranged from
65.9% in Utah to 85% in the District of Columbia. The
median percentage among states was 74.8%.1


● A 10% (population-wide) decrease in total cholesterol
levels may result in an estimated 30% reduction in the
incidence of CHD.2


● Data from NHANES 1999–2002 (NCHS) showed that
overall, 63.3% of participants whose test results indicated
high blood cholesterol or who were taking a cholesterol-
lowering medication had been told by a professional that
they had high cholesterol. Women were less likely than
men to be aware of their condition; blacks and Mexican
Americans were less likely to be aware of their condition
than were whites. Fewer than half of Mexican Americans
with high cholesterol were aware of their condition.3


● Between the periods 1988 –1994 and 1999 –2002
(NHANES/NCHS), the age-adjusted mean total serum
cholesterol level of adults �20 years of age decreased from
206 to 203 mg/dL, HDL levels increased from 50.7 to 51.3
mg/dL, and LDL cholesterol levels decreased from 129 to
123 mg/dL.4


● Data from NHANES 2003–2006 (NCHS) showed the
serum total crude mean cholesterol level in adults �20
years of age was 198 mg/dL for men and 202 mg/dL for
women.5


● Data from the Minnesota Heart Survey (1980–1982 to
2000–2002) showed a decline in age-adjusted mean total
cholesterol concentrations from 5.49 and 5.38 mmol/L for
men and women in 1980–1982 to 5.16 and 5.09 mmol/L,
respectively, in 2000–2002; however, the decline was not
uniform across all age groups. Middle-aged to older people
have shown substantial decreases, but younger people have
shown little overall change and recently had increased total
cholesterol values. Lipid-lowering drug use rose signifi-
cantly for both sexes between 35 and 74 years of age.
Awareness, treatment, and control of hypercholesterolemia
have increased; however, more than half of those at
borderline-high risk remain unaware of their condition.6


● Data from the BRFSS (CDC) survey in 2007 showed that
among adults screened for high blood cholesterol, the
percentage who had been told that they had high blood
cholesterol ranged from 32.4% in Minnesota to 42.4% in
West Virginia. The median percentage among states was
37.6%.7


● According to data from NHANES 2005–2006, between the
periods 1999–2000 and 2005–2006, mean serum total
cholesterol levels in adults �20 years of age declined from
204 to 199 mg/dL. This decline was observed for men �40
years of age and for women �60 years of age. There was
little change over this time period for other sex/age groups.
In 2005–2006, approximately 65% of men and 70% of
women had been screened for high cholesterol in the past
5 years, and 16% of adults had serum total cholesterol
levels of 240 mg/dL or higher.8


Abbreviations Used in Chapter 11


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


HD heart disease


HDL high-density lipoprotein


LDL low-density lipoprotein


mg/dL milligrams per deciliter


mmol/L millimoles per liter


NCHS National Center for Health Statistics


NHANES National Health and Nutrition Examination Survey


NHLBI National Heart, Lung, and Blood Institute
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Adherence


● On the basis of data from the Third Report of the Expert
Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults9:


— Fewer than half of persons who qualify for any kind of
lipid-modifying treatment for CHD risk reduction are
receiving it.


— Fewer than half of even the highest-risk persons (those
with symptomatic CHD) are receiving lipid-lowering
treatment.


— Only about one third of treated patients are achieving
their LDL goal; fewer than 20% of CHD patients are at
their LDL goal.


Lipid Levels


LDL (Bad) Cholesterol


Youth


● Among adolescents 12 to 19 years of age, the mean LDL
cholesterol level is 89.2 mg/dL. For boys, it is 87.5 mg/dL,
and for girls, it is 90.9 mg/dL. The racial/ethnic breakdown
is as follows (NHANES 2003–2006, NCHS and NHLBI;
unpublished analysis):


— Among non-Hispanic whites, 87.1 mg/dL for boys and
91.5 mg/dL for girls.


— Among non-Hispanic blacks, 89.0 mg/dL for boys and
91.5 mg/dL for girls.


— Among Mexican Americans, 88.7 mg/dL for boys and
91.6 mg/dL for girls.


Adults


● The mean level of LDL cholesterol for American adults
�20 years of age is 115.0 mg/dL (NHANES 2003–2006,
NCHS and NHLBI; unpublished analysis). Levels of 130 to
159 mg/dL are considered borderline high. Levels of 160 to
189 mg/dL are classified as high, and levels of �190
mg/dL are considered very high.


● According to NHANES 2003–2006 (NCHS and NHLBI;
unpublished data):


— Among non-Hispanic whites, mean LDL cholesterol
levels were 115.6 mg/dL for men and 116.6 mg/dL for
women.


— Among non-Hispanic blacks, mean LDL cholesterol
levels were 115.1 mg/dL for men and 111.6 mg/dL for
women.


— Among Mexican Americans, mean LDL cholesterol
levels were 123.4 mg/dL for men and 111.6 mg/dL for
women.


● The age-adjusted prevalence of high LDL cholesterol in US
adults was 26.6% in 1988–1994 and 25.3% in 1999–2004
(NHANES/NCHS). Between 1988–1994 and 1999–2004,
awareness increased from 39.2% to 63.0%, and use of
pharmacological lipid-lowering treatment increased from
11.7% to 40.8%. LDL cholesterol control increased from


4.0% to 25.1% among those with high LDL cholesterol. In
1999–2004, rates of LDL cholesterol control were lower
among adults 20 to 49 years of age than among those �65
years of age (13.9% versus 30.3%, respectively), among
non-Hispanic blacks and Mexican Americans than among
non-Hispanic whites (17.2% and 16.5% versus 26.9%,
respectively), and among males than among females
(22.6% versus 26.9%, respectively).10


HDL (Good) Cholesterol


Youth


● Among children 4 to 11 years of age, the mean HDL
cholesterol level is 55.7 mg/dL. For boys, it is 56.7 mg/dL,
and for girls, it is 54.7 mg/dL. The racial/ethnic breakdown
is as follows (NHANES 2003–2006, NCHS and NHLBI;
unpublished analysis):


— Among non-Hispanic whites, 55.9 mg/dL for boys and
54.0 mg/dL for girls.


— Among non-Hispanic blacks, 60.9 mg/dL for boys and
58.0 mg/dL for girls.


— Among Mexican Americans, 54.5 mg/dL for boys and
52.9 mg/dL for girls.


● Among adolescents 12 to 19 years of age, the mean HDL
cholesterol level is 52.4 mg/dL. For boys, it is 49.4 mg/dL,
and for girls, it is 55.6 mg/dL. The racial/ethnic breakdown
is as follows (NHANES 2003–2006, NCHS and NHLBI;
unpublished analysis):


— Among non-Hispanic whites, 47.6 mg/dL for boys and
55.2 mg/dL for girls.


— Among non-Hispanic blacks, 54.8 mg/dL for boys and
57.7 mg/dL for girls.


— Among Mexican Americans, 49.6 mg/dL for boys and
53.8 mg/dL for girls.


Adults


● An HDL cholesterol level below 40 mg/dL in adults is
considered low and is a risk factor for HD and stroke. The
mean level of HDL cholesterol for American adults �20
years of age is 54.3 mg/dL (NHANES 2003–2006, NCHS
and NHLBI; unpublished analysis).


● According to NHANES 2003–2006 (NCHS and NHLBI;
unpublished analysis):


— Among non-Hispanic whites, mean HDL cholesterol lev-
els were 48.3 mg/dL for men and 60.1 mg/dL for women.


— Among non-Hispanic blacks, mean HDL cholesterol lev-
els were 52.4 mg/dL for men and 61.3 mg/dL for women.


— Among Mexican Americans, mean HDL cholesterol lev-
els were 47.1 mg/dL for men and 55.4 mg/dL for women.


Triglycerides


Youth


● Among adolescents 12 to 19 years of age, the mean
triglyceride level is 92.4 mg/dL. For boys, it is 92.4 mg/dL,
and for girls, it is 92.4 mg/dL. The racial/ethnic breakdown
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is as follows (NHANES 2003–2006, NCHS and NHLBI;
unpublished analysis):


— Among non-Hispanic whites, 98.1 mg/dL for boys and
95.4 mg/dL for girls.


— Among non-Hispanic blacks, 69.7 mg/dL for boys and
68.8 mg/dL for girls.


— Among Mexican Americans, 93.1 mg/dL for boys and
97.3 mg/dL for girls.


Adults


● A triglyceride level �150 mg/dL in adults is considered
elevated and is a risk factor for HD and stroke. The mean
level of triglycerides for American adults �20 years of age
is 144.2 mg/dL (NHANES 2003–2006, NCHS and
NHLBI; unpublished analysis).


— Among men, the mean triglyceride level is 156.5
mg/dL (NHANES 2003–2006, NCHS and NHLBI;
unpublished analysis).


E 158.3 mg/dL for white men.
E 126.5 mg/dL for black men.
E 172.5 mg/dL for Mexican American men.


— Among women, the mean triglyceride level is 132.1
mg/dL.


E 135.0 mg/dL for white women.
E 102.4 mg/dL for black women.
E 152.2 mg/dL for Mexican American women.
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Table 11-1. High Total and LDL Cholesterol and Low HDL Cholesterol


Population Group


Prevalence of Total
Cholesterol �200 mg/dL,


2006 Age �20 y


Prevalence of Total
Cholesterol �240 mg/dL,


2006 Age �20 y


Prevalence of LDL
Cholesterol �130 mg/dL,


2006 Age �20 y


Prevalence of HDL
Cholesterol �40 mg/dL,


2006 Age �20 y


Both sexes* 102 200 000 (46.8%) 35 700 000 (16.2%) 71 200 000 (32.6%) 35 100 000 (16.2%)


Males* 47 700 000 (45.2%) 15 900 000 (15.0%) 34 900 000 (33.1%) 26 400 000 (25.0%)


Females* 54 500 000 (47.9%) 19 700 000 (17.2%) 36 300 000 (32.0%) 8 700 000 (7.9%)


NH white males, % 45.0 15.3 31.5 25.4


NH white females, % 48.7 18.1 33.8 7.9


NH black males, % 40.2 10.9 34.4 14.7


NH black females, % 41.8 13.1 28.6 6.5


Mexican-American males, % 51.1 16.8 42.7 29.3


Mexican-American females, % 49.0 14.3 30.4 11.7


Total Hispanics† �20 y of
age, %


� � � 29.9 � � � � � �


Total Asian/Pacific Islanders†
�20 y of age, %


� � � 29.2 � � � � � �


Total American Indians/Alaska
Natives† �20 y of age, %


� � � 31.2 � � � � � �


Ellipses (. . .) indicate data not available; NH, non-Hispanic.
Prevalence of total cholesterol �200 mg/dL includes people with total cholesterol �240 mg/dL. In adults, levels of 200 to 239 mg/dL are considered borderline


high. Levels of �240 mg/dL are considered high.
*Total data for total cholesterol are for Americans �20 years of age. Data for LDL cholesterol, HDL cholesterol, and all racial/ethnic groups are age adjusted for


age �20 years.
†BRFSS (1991–2003, CDC), MMWR11; data are self-reported data for Americans �20 years of age.
Source for total cholesterol �200 mg/dL, �240 mg/dL, LDL, and HDL: NHANES (2003–2006), NCHS, and NHLBI. Estimates from NHANES 2003–2006 (NCHS)


applied to 2006 population estimates.


Chart 11-1. Trends in mean total serum cholesterol among adolescents 12 to 17 years of age by race, sex, and survey
(NHANES: 1976–1980, 1988–1994, 1999–2002, 2003–2004, and 2005–2006). Source: NCHS and NHLBI. Mex. Am. indicates Mexican
American.
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Chart 11-2. Trends in mean total serum cholesterol among adults by race and survey (NHANES: 1988–1994, 1999–2002, 2003–
2004, and 2005–2006). Source: NCHS and NHLBI. NH indicates non-Hispanic.


Chart 11-3. Trends in the prevalence of total serum cholesterol (≥200 mg/dL) in adults ≥20 years of age by sex and race/
ethnicity (NHANES 2003–2004 and 2005–2006). NH indicates non-Hispanic; MA, Mexican American.
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12. Risk Factor: Physical Inactivity


See Table 12-1 and Charts 12-1 through 12-4.


Prevalence


Youth


Inactivity


● The proportion of adolescents who report engaging in no
regular PA is high, and the proportion increases with age:


— In the 2007 YRBS of adolescents in grades 9 through
12, 31.8% of females and 18% of males had not
engaged in 60 minutes of moderate-to-vigorous physi-
cal activity (MVPA), defined as any activity that
increased heart rate or breathing rate, even once in the
previous 7 days.1


— By the age of 16 or 17 years, 31% of white girls and
56% of black girls reported no habitual leisure-time
PA.2


— Rates of inactivity were highest among black (42.1%)
and Hispanic (35.2%) females compared with white
females (28.2%).1


— Among males, blacks were also the least likely to
engage in MVPA 5 or more days per week (21.8%),
followed by Hispanic (18.8%) and white (16.7%)
males.1


● More than one fourth of all adolescents in grades 9 through
12 reported spending �3 hours per day using computers


outside of school time (24.9%) or watching television
(35.4%) in the 2007 YRBS.1


● The proportion of males who spent �3 hours using
computers (29.1%) or watching television (37.5%) was
higher than that of females (computers 20.6% and televi-
sion 33.2%).1


● A greater proportion of black and Hispanic students than
white students used computers or watched television �3
hours per day.1


Self-Reported and Measured Activity


● There is a marked discrepancy between the proportion of
youth who report meeting PA guidelines (�60 minutes of
MVPA on most days of the week) and those who met
guidelines when activity was measured objectively with
accelerometers (portable motion censors that record and
quantify movements) in the NHANES 2003–2004 survey3:


— In the 2007 YRBS, 34.7% of students in grades 9
through 12 reported that they met current recommen-
dations for activity. The proportion was higher in males
(43.7%) than in females (25.6%).1


— The proportion of students meeting recommendations
declined from 9th (38.1%) to 12th (29.5%) grades, and
the proportion was again higher in males than in
females.1


— Forty-two percent of 6- to 11-year-olds accumulated
�60 minutes of MVPA (based on counts per minute
�2020 with an accelerometer) on 5 of 7 days per week,
whereas only 8% of 12- to 15-year-olds and 7.6% of
16- to 19-year-olds met activity guidelines.3


— More boys than girls met recommendations as mea-
sured by accelerometry.3


Correlates of Activity Behaviors


● Lower levels of parental education are associated with
greater decline in PA for white girls at both younger and
older ages. For black girls, this association is seen only at
older ages.2


● Cigarette smoking is associated with lower levels of PA
among white girls.2


● Pregnancy is associated with a lower level of PA among
black girls but not among white girls.2


● A higher BMI is associated with lower levels of PA.1


— Sixty percent of students reported engaging in PA to
lose weight or keep from gaining weight in the 30 days
before the 2007 YRBS.


— Females were more likely to report exercising to avoid
weight gain (67.0%) than were males (55%).


— White (71.5%) and Hispanic (66.4%) females were
more likely to report exercising for weight control than
were black females (50.7%).


Organized Activities


● Physical education class participation declined from the 9th
through the 12th grades among males and females.1


Abbreviations Used in Chapter 12


BMI body mass index


BRFSS Behavior Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CI confidence interval


CVD cardiovascular disease


DM diabetes mellitus


HBP high blood pressure


HD heart disease


HDL high-density lipoprotein


HF heart failure


HR hazard ratio


MEPS Medical Expenditure Panel Survey


MI myocardial infarction


MVPA Moderate-to-vigorous physical activity


mm Hg millimeters of mercury


mmol/L millimoles per liter


NHANES National Health and Nutrition Examination Survey


NHIS National Health Interview Survey


PA physical activity


RR relative risk


WHO World Health Organization


YMCLS Youth Media Campaign Longitudinal Study


YRBS Youth Risk Behavior Surveillance
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— A total of 30.3% of students attended physical educa-
tion classes in school daily (33.2% of males and 27.3%
of females).


● More than half (56.3%) of all students played on at least 1
school or community sports team in the previous year;
however, the prevalence declined with increasing grade
level from 59.2% in the 9th grade to 49% in the 12th
grade.1


● Among children 9 to 13 years of age, 61.5% do not
participate in any organized PA during nonschool hours.4


— A total of 22.6% do not engage in any free-time PA,
according to 2002 data from the Youth Media Cam-
paign Longitudinal Study (YMCLS) of the CDC.


— Non-Hispanic black and Hispanic children are signifi-
cantly less likely than non-Hispanic white children to
report involvement in organized activities, as are chil-
dren whose parents have lower incomes and education
levels.


Adults


Inactivity


● The age-adjusted proportion of adults who reported engag-
ing in no MVPA in leisure time, as part of their occupation,
or for transportation was 10.3% in 20055:


— Inactivity in 2005 was higher among females (12%)
than males (8.4%) and increased with age from 5.5% to
6.1%, 10.2%, and 24% among adults 18 to 24, 25 to 44,
45 to 64, and �65 years of age, respectively.


● A total of 59% of adults who responded to the 2008 NHIS
survey reported no vigorous activity (activity that causes
heavy sweating and a large increase in breathing or heart
rate).6


— Women (63.8%) were more likely than men (52.8%) to
report never engaging in vigorous PA, and the propor-
tion of respondents who did not participate in any
vigorous activity increased with age from 49.4% in 18-
to 44-year-olds to 86.0% in adults �75 years of age.6


Self-Reported and Measured Activity


● The proportion of adults reporting that they meet current
guidelines for regular PA of at least 30 minutes of moderate
PA 5 or more days per week or �20 minutes of vigorous
activity on 3 or more days per week has declined over
time.7


— According to 2007 BRFSS/CDC data, 64.5% of adults
met PA guidelines (68.9% of men and 60.4% of
women).8


— Nearly three quarters (74%) of 18- to 24-year-olds
reported being active, whereas only half (51.2%) of
adults �65 years of age were active.9


● Adherence to PA recommendations was much lower when
based on PA measured by accelerometer in NHANES
2003–20043:


— Of those 20 to 59 years of age, 3.8% of males and 3.2%
of females met recommendations to engage in MVPA
(accelerometer counts �2020/min) for 30 minutes (in
sessions of �10 minutes) on �5 of 7 days.


— Among persons �60 years of age, adherence was 2.5%
in males and 2.3% in females.


Correlates of Activity


● The proportion of adults reporting 30 minutes of moderate
activity 5 times per week in the 2008 NHIS was positively
associated with education level; 45.4% of persons with a
college degree or higher were regularly active compared
with 17.2% of adults with a high school education or less
in 2008.6


● Data from the 2008 NHIS show that non-Hispanic black
and Hispanic adults were more likely to report inactivity
(47.7% and 47.5%, respectively) than were non-Hispanic
white adults (32.1%; “inactive” refers to no sessions of
light/moderate PA of at least 10 minutes’ duration).6


— American Indians (67.5%) and blacks (66.2%) were
more likely than white respondents (57.2%) to report
not engaging in vigorous activity. Asians (59.9%) and
Native Hawaiians or other Pacific Islanders (60.5%)
were as likely as white respondents to report not
engaging in vigorous activity.


— Hispanic or Latino adults were more likely not to
engage in vigorous activity (69.1%) than non-Hispanic
or non-Latino adults (56.7%).


— A total of 80.0%, 69.3%, 57.7%, and 42.8% of respon-
dents with less than a high school education, a high
school diploma, some college, or a bachelor’s degree or
higher, respectively, did not report engaging in any
vigorous PA.6


Physical Inactivity and CHD


Activity and CHD Risk Factors


● In the Diabetes Prevention Project randomized trial, inten-
sive lifestyle modification, which included dietary modifi-
cation and a goal of 150 minutes of PA per week, was
associated with a lower rate of diabetes over 3.9 years (4.8
cases per 100 person-years) than metformin use (7.8 per
100 person-years) or placebo (11 per 100 person-years);
these findings persisted after adjustment for known risk
factors.10


● In a Cochrane review of 2 studies of exercise-only inter-
ventions (as opposed to exercise plus diet) for the preven-
tion of type 2 DM, exercise therapy showed a trend toward
protection, but the findings were not statistically significant
(RR 0.69, 95% CI 0.29 to 1.65).11


● According to the “Physical Activity for Everyone” guide-
lines, up to 150 minutes per week of moderate-intensity
aerobic activity, 75 minutes of vigorous-intensity activity,
or an equivalent mix of the 2 is important for weight
maintenance.12


● As a weight-loss intervention, exercise alone was associ-
ated with significant reductions in diastolic blood pressure
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(�2 mm Hg, 95% CI �4 to �1 mm Hg), triglycerides
(�0.2 mmol/L, 95% CI �0.3 to �0.1 mmol/L), and fasting
glucose (�0.2 mmol/L, 95% CI �0.3 to �0.1 mmol/L).13


● One hundred twenty to 150 minutes per week of moderate-
intensity activity can reduce the risk of development of
metabolic syndrome and its individual components (eg,
abdominal adiposity, HBP, low HDL cholesterol, high
triglycerides, or high glucose).12


Inactivity and CVD (Stroke and CHD)


● The RR of CHD associated with physical inactivity ranges
from 1.5 to 2.4, an increase in risk comparable to that
observed for high blood cholesterol, HBP, or cigarette
smoking.14


● Physical inactivity is responsible for 12.2% of the global
burden of MI after accounting for other CVD risk factors
such as cigarette smoking, diabetes, hypertension, abdom-
inal obesity, lipid profile, no alcohol intake, and psychos-
ocial factors.15


● A 2.3% decline in physical inactivity between 1980 and
2000 prevented or postponed �17 445 deaths (�5%) due
to CHD in the United States.16


● A 2003 meta-analysis of 23 studies on the association of
PA with stroke indicated that compared with low levels of
activity, high (RR 0.79, 95% CI 0.69 to 0.91) and moderate
(RR 0.91, 95% CI 0.80 to 1.05) levels of activity were
inversely associated with the likelihood of developing total
stroke (ischemic and hemorrhagic).17


Secondary Prevention


● Data from the 2003 BRFSS (CDC) found that 53.2% of
respondents with HD were told to be more physically
active, 32% met recommended PA levels, and 30.8% were
sedentary.18


● Analysis of 2005 and 2007 data from the BRFSS study of
the CDC found that during these 2 years combined,
doctor-diagnosed arthritis affected 57.4% of adults with
HD (heart attack, angina, or CHD) compared with 27.4%
of adults in the general population. In this group, the
adjusted likelihood of PA was 30% greater than that of
persons with HD but without arthritis (adjusted for age,
sex, race/ethnicity, education level, and BMI).19


● PA improves inflammatory markers in persons with exist-
ing stable CHD. After a 6-week training session, C-reactive
protein levels declined by 23.7% (P�0.001), and plasma
vascular adhesion molecule-1 levels declined by 10.23%
(P�0.05); there was no difference in leukocyte count or
levels of intercellular adhesion molecule-1.20


● In a randomized trial of patients with peripheral arterial
disease, supervised treadmill exercise training and lower-
extremity resistance training were each associated with
significant improvements in functional performance and
quality of life compared with a usual-care control group.
Exercise training was additionally associated with im-
proved brachial artery flow-mediated dilation, whereas
resistance training was associated with stair-climbing abil-
ity versus control.21


● The benefit of intense exercise training for cardiac rehabil-
itation in persons with HF was tested in a trial of 27
patients with stable medically treated HF. Intense activity
(an aerobic interval-training program 3 times per week for
12 weeks) was associated with a significant 35% improve-
ment in left ventricular ejection fraction and decreases in
pro-brain natriuretic peptide (40%), left ventricular end-di-
astolic volume (18%), and left ventricular end-systolic
volume (25%) compared with control and endurance-
training groups.22


Primary Prevention


● The “Physical Activity for Everyone” PA guidelines for
adults cite evidence that getting �150 minutes per week of
moderate-intensity aerobic activity can reduce the risk of
CVD.12


● The Nurse’s Health Study of �72 000 female nurses
indicated that moderate-intensity PA, such as walking, is
associated with a substantial reduction in risk of total and
ischemic stroke.23


● In the Health Professionals Follow-Up Study, PA “dose”
was inversely associated with the incidence of CHD over
time, with rates declining from 46.3 to 39.3, 35.9, 32.2, and
25.8 according to quintiles of activity. The adjusted HR
comparing the uppermost quintile of activity with the
lowest was 0.72 (95% CI 0.61 to 0.85).24


Economic Consequences of Inactivity


● The economic consequences of physical inactivity are
substantial. In a summary of WHO data sources, the
economic costs of physical inactivity were estimated to
account for 1.5% to 3.0% of total direct healthcare expen-
ditures in developed countries such as the United States.25


● The 1996 MEPS was linked to self-reported activity in the
1995 NHIS. On the basis of a self-reported prevalence of
inactivity of 47.5% and a prevalence of CVD of 21.5%, the
direct expenditures for CVD associated with inactivity
were estimated to be $23.7 billion in 2001.26


● Total costs are even higher when the expenses attribut-
able to obesity, a primary consequence of inactivity, are
taken into account. In 1995, 9.4% of total US health
expenditures were attributable to physical inactivity and
obesity combined.27
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physical exercise on inflammatory parameters and risk for repeated acute
coronary syndrome in patients with ischemic heart disease. Vojnosanit
Pregl. 2009;66:44–48.


21. McDermott MM, Ades P, Guralnik JM, Dyer A, Ferrucci L, Liu K,
Nelson M, Lloyd-Jones D, Van Horn L, Garside D, Kibbe M, Domanchuk
K, Stein JH, Liao Y, Tao H, Green D, Pearce WH, Schneider JR,
McPherson D, Laing ST, McCarthy WJ, Shroff A, Criqui MH. Treadmill
exercise and resistance training in patients with peripheral arterial disease
with and without intermittent claudication: a randomized controlled trial.
JAMA. 2009;301:165–174.


22. Wisløff U, Støylen A, Loennechen JP, Bruvold M, Rognmo Ø, Haram PM,
Tjønna AE, Helgerud J, Slørdahl SA, Lee SJ, Videm V, Bye A, Smith GL,
Najjar SM, Ellingsen Ø, Skjaerpe T. Superior cardiovascular effect of aerobic
interval training versus moderate continuous training in heart failure patients:
a randomized study. Circulation. 2007;115:3086–3094.


23. Hu FB, Stampfer MJ, Colditz GA, Ascherio A, Rexrode KM, Willett WC,
Manson JE. Physical activity and risk of stroke in women. JAMA. 2000;
283:2961–2967.


24. Tanasescu M, Leitzmann MF, Rimm EB, Willett WC, Stampfer MJ, Hu
FB. Exercise type and intensity in relation to coronary heart disease in
men. JAMA. 2002;288:1994–2000.


25. Oldridge NB. Economic burden of physical inactivity: healthcare costs
associated with cardiovascular disease. Eur J Cardiovasc Prev Rehabil.
2008;15:130–139.


26. Wang G, Pratt M, Macera CA, Zheng ZJ, Heath G. Physical activity,
cardiovascular disease, and medical expenditures in U.S. adults. Ann
Behav Med. 2004;28:88–94.


27. Colditz GA. Economic costs of obesity and inactivity. Med Sci Sports
Exerc. 1999;31(suppl):S663–S667.


28. Pleis JR, Lucas JW. Summary health statistics for U.S. adults: National
Health Interview Survey, 2007. Vital Health Stat 10. 2009;No. 240:
1–159.


Table 12-1. Regular Leisure-Time PA


Population Group Prevalence, 2008 (Age �18 y), %


Both sexes 32.5


Males 34.8


Females 30.6


NH white only 35.9


NH black only 24.8


Hispanic or Latino 25.2


NH indicates non-Hispanic.
Regular leisure-time PA is defined as light to moderate activity for �30


minutes, 5 times per week, or vigorous activity for �20 minutes, �3 times per
week.


Data are age adjusted for adults �18 years of age.
Source: NHIS 2008 (NCHS).6
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Chart 12-1. Prevalence of students in grades 9 through 12 who met currently recommended levels of PA during the past 7 days
by race/ethnicity and sex (YRBS: 2007). Currently recommended levels is defined as activity that increased their heart rate and made
them breathe hard some of the time for a total of at least 60 minutes per day on �5 of the 7 days preceding the survey. Source:
MMWR Surveillance Summaries.1 NH indicates non-Hispanic.


Chart 12-2. Prevalence of regular PA among adults ≥18 years of age by race/ethnicity and sex (BRFSS: 2001 and 2005). Source:
Pleis et al.28 NH indicates non-Hispanic.
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Chart 12-3. Prevalence of students in grades 9 through 12 who did not meet currently recommended levels of moderate-to-
vigorous PA during the past 7 days by race/ethnicity and sex (YRBS: 2007). Source: MMWR Surveillance Summaries.1 Currently
recommended levels is defined as activity that increased their heart rate and made them breathe hard some of the time for a total of at
least 60 minutes per day on �5 of the 7 days preceding the survey. NH indicates non-Hispanic.


Chart 12-4. Prevalence of children 6 to 19 years of age who attained sufficient MVPA to meet public health recommendations
(≥60 minutes per day on 5 or more of the 7 days preceding the survey), by sex and age (NHANES 2003–2004). Source: Troiano
et al.3
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13. Risk Factor: Overweight
and Obesity


See Table 13-1 and Charts 13-1 through 13-3.


Prevalence


Youth


● On the basis of 2003 to 2006 data from NHANES (NCHS),
the prevalence of overweight and obesity in children 2 to 5
years of age, based on a BMI-for-age value at or above the
85th percentile of the 2000 CDC growth charts, was 25.4%
for non-Hispanic white boys and 20.9% for non-Hispanic
white girls, 23.2% for non-Hispanic black boys and 26.4%
for non-Hispanic black girls, and 32.4% for Mexican
American boys and 27.3% for Mexican American girls. In
children 6 to 11 years of age, the prevalence was 31.7% for
non-Hispanic white boys and 31.5% for non-Hispanic
white girls, 33.8% for non-Hispanic black boys and 40.1%
for non-Hispanic black girls, and 47.1% for Mexican
American boys and 38.1% for Mexican American girls. In
children 12 to 19 years of age, the prevalence was 34.5%
for non-Hispanic white boys and 31.7% for non-Hispanic
white girls, 32.1% for non-Hispanic black boys and 44.5%
for non-Hispanic black girls, and 40.5% for Mexican
American boys and 37.1% for Mexican American girls.1


● On the basis of 2003 to 2006 data from NHANES (NCHS),
the prevalence of obesity in children 2 to 5 years of age,
based on BMI-for-age values at or above the 95th percen-
tile of the 2000 CDC growth charts, was 11.1% for
non-Hispanic white boys and 10.2% for non-Hispanic
white girls, 13.3% for non-Hispanic black boys and 16.6%
for non-Hispanic black girls, and 18.8% for Mexican


American boys and 14.5% for Mexican American girls. In
children 6 to 11 years of age, the prevalence was 15.5% for
non-Hispanic white boys and 14.4% for non-Hispanic
white girls, 18.6% for non-Hispanic black boys and 24.0%
for non-Hispanic black girls, and 27.5% for Mexican
American boys and 19.7% for Mexican American girls. In
children 12 to 19 years of age, the prevalence was 17.3%
for non-Hispanic white boys and 14.5% for non-Hispanic
white girls, 18.5% for non-Hispanic black boys and 27.7%
for non-Hispanic black girls, and 22.1% for Mexican
American boys and 19.9% for Mexican American girls.1


● Nearly 10 million children and adolescents 6 to 19 years of
age have BMI-for-age values at or above the 95th percen-
tile of the 2000 CDC growth charts for the United States
(NHANES [2003–2006], NCHS).1


● On the basis of data from NHANES (NCHS), the preva-
lence of BMI-for-age values at or above the 95th percentile
of the 2000 CDC growth charts in children 6 to 11 years of
age increased from 4.0% in 1971 to 1974 to 17.0.% in 2003
to 2006. The prevalence of BMI-for-age values at or above
the 95th percentile in adolescents 12 to 19 years of age
increased from 6.1% to 17.6% in that same time frame.1,2


● Among infants and children between the ages of 6 and 23
months, the prevalence of high weight for age was 7.2% in
1976 to 1980 and 11.5% in 2003 to 2006 (NHANES,
NCHS).3


● Data from the NHANES of the NCHS found that just over
12% of preschool children 2 to 5 years of age were
overweight in 2003 to 2006.1


— Among preschool children, the following were over-
weight: 10.7% of non-Hispanic whites, 14.9% of non-
Hispanic blacks, and 16.7% of Mexican Americans.


— Among children 6 to 11 years of age, the following
were overweight: 15.0% of non-Hispanic whites,
21.3% of non-Hispanic blacks, and 23.8% of Mexican
Americans.


— Among adolescents 12 to 19 years of age, the following
were overweight: 16.0% of non-Hispanic whites,
22.9% of non-Hispanic blacks, and 21.1% of Mexican
Americans.


● Data from NHANES 2003 to 2006 found that 11.3% of
children and adolescents 2 to 19 years of age were at or
above the 97th percentile of the 2000 BMI-for-age growth
chart, 16.3% were at or above the 95th percentile, and
31.9% were at or above the 85th percentile.1


● Overweight adolescents have a 70% chance of becoming
overweight adults. This increases to 80% if 1 or both
parents are overweight or obese.4


● Data from the CDC’s YRBS 2007 survey showed that the
prevalence of being overweight (�85th and �95th percen-
tile of the 2000 BMI-for-age growth chart) was higher
among non-Hispanic black (19.0%) and Hispanic (18.1%)
students than among non-Hispanic white students (14.3%),
higher among non-Hispanic black female (21.4%) and
Hispanic female (17.9%) than non-Hispanic white female
(12.8%) students, and higher among non-Hispanic black
male (16.6%) and Hispanic male (18.3%) than non-


Abbreviations Used in Chapter 13


BMI body mass index


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CI confidence interval


CVD cardiovascular disease


DM diabetes mellitus


FHS Framingham Heart Study


HHP Honolulu Heart Program


kg/m2 kilograms per square meter


MESA Multiethnic Study of Atherosclerosis


NCHS National Center for Health Statistics


NH non-Hispanic


NHANES National Health and Nutrition Examination Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


NINDS National Institute of Neurological Diseases and Stroke


NOMAS Northern Manhattan Study


OR odds ratio


WHO World Health Organization


YRBS Youth Risk Behavior Surveillance
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Hispanic white male (15.7%) students. The prevalence of
being obese (�95th percentile of the 2000 BMI-for-age
growth chart) was higher among non-Hispanic black
(18.3%) and Hispanic (16.6%) students than among non-
Hispanic white students (10.8%), higher among non-
Hispanic black female (17.8%) than non-Hispanic white
female (6.8%) and Hispanic female (12.7%) students, and
higher among Hispanic male (20.3%) and non-Hispanic
black male (18.9%) than non-Hispanic white male (14.6%)
students.5


● Data from the NHANES in the 2008 National Healthcare
Quality Report found that:


— During 2003 to 2006, 39.4% of overweight (�95th
percentile of the 2000 BMI-for-age growth chart)
children and teens 2 to 19 years of age were told by a
doctor or health professional that they were overweight.


— During 2003 to 2006, overweight children 2 to 5 years
of age (22.3%) and 6 to 11 years old (35.70%) were less
likely than overweight children 12 to 19 years of age
(47.5%) to be told by a provider that they were
overweight.6


● A study of more than 8500 4-year-olds in the Early
Childhood Longitudinal Study, Birth Cohort (National
Center for Education Statistics), found that 1 in 5 are
obese. Almost 13% of Asian children, 16% of white
children, nearly 21% of black children, 22% of Hispanic
children and 31% of American Indian children were
obese. Children were considered obese if their BMI was
�95th percentile, based on CDC BMI growth charts. For
4-year-olds, that would be a BMI of �18 kg/m2. Research-
ers did not examine reasons for the disparities.7


● Overweight adolescents have a 70% chance of becoming
overweight adults. This increases to 80% if 1 or both
parents are overweight or obese.4


● Childhood sociodemographic factors may contribute to
gender disparities in obesity prevalence. A study of data
from the National Longitudinal Study of Adolescent Health
found that parental education consistently modified gender
disparity in blacks. The gender gap was largest in those with
low parental education (16.7% of men compared with 45.4%
of women were obese) and smallest in those with high
parental education (28.5% of men compared with 31.4% of
women were obese). In whites, there was little overall
gender difference in obesity prevalence.8


Adults


● According to 2008 data from the BRFSS/CDC survey,
based on self-reported height and weight, the prevalence of
obesity ranged from 19.1% in Colorado to 33.3% in
Mississippi. The median percentage by state was 26.6%.
Additionally, no state met the Healthy People 2010 goal of
reducing obesity to 15% of adults.9


● Data from NHANES 2005 to 2006, based on measured
weight and height, found that 34% of US adults were obese
(33.3% of men and 35.3% of women). Non-Hispanic black
and Mexican-American women were more likely to be
obese than non-Hispanic white women.10


● In 1998 and 1999, surveys of people in 8 states and the
District of Columbia by the BRFSS study of the CDC
indicated that obesity rates were significantly higher
among people with disabilities, especially blacks and those
45 to 64 years of age.11


● Analysis of data (FHS, NHLBI) showed that overweight
and obesity were associated with large decreases in life
expectancy. Forty-year-old female nonsmokers lost 3.3
years and 40-year-old male nonsmokers lost 3.1 years of
life expectancy because of overweight. In 40-year-old
nonsmokers, females lost 7.1 years and males lost 5.8 years
because of obesity. Obese female smokers lost 7.2 years
and obese male smokers lost 6.7 years compared with
normal-weight nonsmokers.12


● Data from the 2008 NHIS showed that blacks �18 years of
age (29.3%), American Indians or Alaska Natives (29.2%),
and whites (36.9%) were less likely than Asians (54.5%) to
be at a healthy weight.13


● Data from the 2008 NHIS, based on self-reported weights
and heights, showed that blacks �18 years of age (36.1%)
and American Indians or Alaska Natives (42.1%) were
more likely to be obese than were whites (26.5%), and
Asians (9.4%)13


● The WHO estimates that by 2015, the number of over-
weight people globally will increase to 2.3 billion, and
�700 million will be obese. Globally, at least 20 million
children �5 years of age were overweight in 2005. Once
considered a problem only in high-income countries,
overweight and obesity are now dramatically on the rise
in low- and middle-income countries, particularly in
urban settings.14


● In NHANES 2001 to 2002 (NCHS), racial disparities were
observed among women but not among men: 68.6% of
black women were overweight or obese, compared with
56.0% of white women and 54.5% of Hispanic women.
Race-based differences in obesity were more pronounced
among women: 41.5% of black women were obese, com-
pared with 19.3% of white women and 26.2% of Hispanic
women.15


● Most adults in Asian subgroups were in the healthy weight
range, with rates ranging from 51% for Filipino adults to
68% for Chinese adults. Although the prevalence of obesity
is low within the Asian adult population, Filipino adults
(14%) were more than twice as likely to be obese (BMI
�30 kg/m2) as Asian Indian (6%), Vietnamese (5%), or
Chinese (4%) adults.16


● From 1999 to 2004, obese adults 45 to 64 years of age
(73%) and �65 years of age (73.6%) were more likely than
those 20 to 44 years of age (59.5%) to be told by a doctor
or health professional that they were overweight. Obese
adults 45 to 64 years of age and �65 years of age were
more likely to receive advice about exercise than those 18
to 44 years of age.6


● Data from the 2003 to 2006 NHANES in the 2008 National
Healthcare Disparities Report found that approximately
64.8% of obese adults were told by a doctor or health
professional that they were overweight.17


● The proportion of obese adults told that they were over-
weight was significantly lower for non-Hispanic blacks
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(60.5%) and Mexican Americans (57.1%) than for non-
Hispanic whites (66.4%), for middle-income people than
for high-income people (62.4% versus 70.6%), and for
adults with less than a high school education than for those
with any college education (59.2% versus 70.3%).17 Anal-
ysis of data from the MESA study found that a large
proportion of white, black, and Hispanic participants were
overweight (60% to 85%) or obese (30% to 50%), whereas
fewer Chinese American participants were overweight
(33%) or obese (5%). These findings may be indicators of
potential future increases in vascular disease burden and
healthcare costs associated with the obesity epidemic.18


Trends


Youth


● On the basis of data from NHANES (NCHS), the preva-
lence of BMI-for-age values at or above the 95th percentile
of the 2000 CDC growth charts in children 6 to 11 years of
age increased from 4.0% in 1971 to 1974 to 17.0.% in 2003
to 2006. The prevalence of BMI-for-age values at or above
the 95th percentile in adolescents 12 to 19 years of age
increased from 6.1% to 17.6% in that same time frame.1,2


● Among infants and children between the ages of 6 and 23
months, the prevalence of high weight for age was 7.2% in
1976 to 1980 and 11.5% in 2003 to 2006 (NHANES,
NCHS).3


Adults


● Analysis of the FHS, 1971 to 2001 (NHLBI), showed that
among normal-weight white adults between the ages of 30
and 59 years, the 4-year rates of developing overweight
varied from 14% to 19% in women and from 26% to 30%
in men. The 30-year risk was similar for both sexes, with
some variation by age. Overall, the 30-year risk for
“overweight or more” exceeded 1 in 2 persons, 1 in 4 for
obesity, and 1 in 10 for stage II obesity (BMI �35 kg/m2)
across different age groups. The 30-year estimates corre-
spond to the lifetime risk for “overweight or more” or
obesity for participants 50 years of age.19


● The age-adjusted prevalence of overweight and obesity
(BMI �25 kg/m2) increased from 64.5% in NHANES 1999
to 2000 (NCHS) to 66.3% in NHANES 2003 to 2004
(NCHS). The prevalence of obesity (BMI �30 kg/m2)
increased during this period from 30.5% to 34.3%. Extreme
obesity (BMI �40.0 kg/m2) increased from 4.7% to 5.9%.1


● On the basis of NHANES/NCHS data, in 2003 to 2004,
36% of noninstitutionalized women 65 to 74 years of age
and 24% of women �75 years of age were obese. This is
an increase from 1988 to 1994, when 27% of women 65 to
74 years of age and 19% of women �75 years of age were
obese. For men, from 1988 to 1994, 24% of those 65 to 74
years of age and 13% of those �75 years of age were
obese, compared with 33% of those 65 to 74 years of age
and 23% of those �75 years of age in 2003 to 2004.20


● A 1997 to 2002 study of Medicare beneficiaries found
the prevalence of obesity increased by 5.6%, or �2.7
million beneficiaries. By 2002, 21.4% of beneficiaries


and 39.3% of disabled beneficiaries were obese, com-
pared with 16.4% and 32.5%, respectively, in 1997. The
rise in obesity, along with expansions in treatment
coverage, could greatly increase obesity-related Medi-
care spending.21


● The WHO estimates that by 2015, the number of over-
weight people globally will increase to 2.3 billion, and
�700 million will be obese. Globally, at least 20 million
children �5 years of age were overweight in 2005. Once
considered a problem only in high-income countries, over-
weight and obesity are now dramatically on the rise in low-
and middle-income countries, particularly in urban
settings.14


● Using NHANES data collected from the 1970s to 2004, if
current trends in the growth of obesity in the United States
continue, by 2030, approximately 86% of US adults will be
overweight or obese, and 51% will be obese. By 2048, all
US adults will be overweight or obese.22


Morbidity


● Overweight children and adolescents are at increased risk
for future adverse health effects, including23:


— Increased prevalence of traditional cardiovascular risk
factors such as hypertension, hyperlipidemia, and
diabetes.


— Poor school performance, tobacco use, alcohol use,
premature sexual behavior, poor diet, and diabetes.


— Other associated health conditions, such as asthma,
hepatic steatosis, sleep apnea, stroke, some cancers
(breast, colon, and kidney), musculoskeletal disorders,
and gallbladder disease.


● The increasing prevalence of obesity is driving an in-
creased incidence of type 2 diabetes. Data from the FHS
indicate a doubling in the incidence of DM over the past 30
years, most dramatically during the 1990s, and primarily
among individuals with a BMI �30 kg/m2.24


● In the Nurses’ Health Study, obesity was the most powerful
predictor of diabetes. Women with a BMI of �35 kg/m2


had an RR for diabetes of 38.8 when compared with
women with a BMI of �23 kg/m2.25


● An analysis from the FHS showed that overweight and
obesity were associated with increased risk for cardiovas-
cular disease. The age-adjusted relative risk for cardiovas-
cular disease was increased by 21% in men and 20% in
women among those who were overweight and 46% in men
and 64% in women among those who were obese.26


● Abdominal obesity is an independent risk factor for ische-
mic stroke in all race/ethnic groups. This effect is larger for
those �65 years of age (OR 4.4) than for those �65 years
of age (OR 2.2; NOMAS, NINDS).27


● A recent comparison of risk factors in both the HHP and
FHS (NHLBI) showed that a BMI increase of �3 kg/m2


raised the risk of hospitalized thromboembolic stroke by
10% to 30%.28


● Obesity is also a strong predictor of sleep-disordered
breathing, itself strongly associated with the development
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of cardiovascular disease, as well as with a myriad of other
health conditions including numerous cancers, non-
alcoholic fatty liver disease, gallbladder disease, musculo-
skeletal disorders, and reproductive abnormalities.29


Mortality


● Among adults, obesity was associated with nearly 112 000
excess deaths (95% CI, 53 754 to 170 064) relative to
normal weight in 2000. Grade I obesity (BMI 30 to �35
kg/m2) was associated with almost 30 000 of these excess
deaths (95% CI 8534 to 68 220) and grade II to III obesity
(BMI �35 kg/m2) with �82 000 (95% CI 44 843 to
119 289). Underweight was associated with nearly 34 000
excess deaths (95% CI 15 726 to 51 766). As other studies
have found,30 overweight (BMI 25 to �30 kg/m2) was not
associated with excess deaths.31


● Analysis of data from NHANES found that in 2004,
overweight was associated with significantly increased
mortality due to diabetes or kidney disease and was not
associated with increased mortality due to cancer or CVD.
Obesity was associated with significantly increased mor-
tality due to CVD, some cancers, and diabetes or kidney
disease. Obesity was associated with 13% of CVD deaths
in 2004.32


● Data from NHANES 1988 to 1994 was studied to
determine estimates of excess deaths associated with
BMI and other anthropometric variables. Estimates for
all-cause mortality, obesity-related causes of death, and
other causes of death showed no statistically significant
or systematic differences between BMI and other
variables.33


● In a collaborative analysis of data from almost 900 000
adults in 57 prospective studies, mostly in western Europe
and North America, it was found that overall mortality was
lowest at �22.5 to 25 kg/m2 in both sexes and at all ages,
after exclusion of early follow-up and adjustment for
smoking status. Above this range, each 5 kg/m2 higher BMI
was associated with �30% higher all-cause mortality and
no specific cause of death was inversely associated with
BMI. Below 22.5 to 25 kg/m2, the overall inverse associ-
ation with BMI was predominantly due to strong inverse
associations for smoking-related respiratory disease, and
the only clearly positive association was for ischemic heart
disease.34


● Analysis of data (FHS, NHLBI) showed that overweight
and obesity were associated with large decreases in life
expectancy. Forty-year-old female nonsmokers lost 3.3
years and 40-year-old male nonsmokers lost 3.1 years of
life expectancy because of overweight. In 40-year-old
nonsmokers, females lost 7.1 years and males lost 5.8 years
because of obesity. Obese female smokers lost 7.2 years
and obese male smokers lost 6.7 years compared with
normal-weight nonsmokers.12


Cost


● Among children and adolescents, annual hospital costs
related to obesity were $127 million between 1997 and
1999.35


● According to 1 study, overall estimates show that the
annual medical burden of obesity has increased to almost
10% of all medical spending and could amount to $147
billion per year in 2008 (in 2008 dollars).36


● If current trends in the growth of obesity continue, total
health care costs attributable to obesity could reach $861 to
957 billion by 2030, which would account for 16% to 18%
of US health expenditures.22
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Table 13-1. Overweight and Obesity


Population Group


Prevalence of
Overweight and Obesity


in Adults,
2006 Age �20 y


Prevalence of
Obesity in Adults,
2006 Age �20 y


Prevalence of
Overweight and Obesity


in Children,
2006 Ages 2–19 y


Prevalence of
Obesity in Children,
2006 Ages 2–19 y Cost, 2008*


Both sexes, n (%) 144 100 000 (66.3) 71 600 000 (32.9) 23 500 000 (31.9) 12 000 000 (16.3) $147 billion


Males, n (%) 75 500 000 (71.7) 33 600 000 (31.8) 12 300 000 (32.7) 6 400 000 (17.1) � � �


Females, n (%) 68 600 000 (61.0) 38 000 000 (34.0) 11 200 000 (31.0) 5 600 000 (15.5) � � �


NH white males, % 71.4 31.6 31.9 15.6 � � �


NH white females, % 57.5 31.3 29.5 13.6 � � �


NH black males, % 71.4 35.2 30.8 17.4 � � �


NH black females, % 79.6 53.2 39.2 24.1 � � �


Mexican American males, % 75.1 29.1 40.8 23.2 � � �


Mexican American females, % 74.1 41.8 35.0 18.5 � � �


Hispanic or Latino age �18 y,† % 70.3 31.3 � � � � � � � � �


Asian-only, age �18 y,† % 40.7 9.4 � � � � � � � � �


American Indian/Alaska Native,
age �18 y,† %


69.6 42.1 � � � � � � � � �


NH indicates non-Hispanic. Ellipses (. . .) indicate data not available. Data for white, black, and Asian or Pacific Islander males and females are for non-Hispanics.
Overweight and obesity in adults is BMI �25 kg/m2. Obesity in adults is �BMI 30 kg/m2.


In January 2007, the American Medical Association’s Expert Task Force on Childhood Obesity recommended new definitions for overweight and obesity in children
and adolescents (available at http://www.ama-assn.org/ama1/pub/upload/mm/433/ped_obesity_recs.pdf). However, statistics based on this new definition are not yet
available.


*Data from Health Affairs.36


†NHIS (2008), NCHS (provisional); data are based on self-reported height and weight and are age adjusted for Americans �18 years old. Overweight is BMI �25
kg/m2 and �30.0 kg/m2. Obese is BMI �30.0 kg/m2.13


Sources: Age-adjusted NHANES 2003–2006 (NCHS), NHLBI and unpublished data. Data for adults are for �20 years of age. Estimates from NHANES 2003–2006
(NCHS) were applied to 2006 population estimates. In children, age-adjusted NHANES 2003–2006 data were applied to 2006 population estimates. Overweight and
obesity are based on BMI-for-age values at or above the 85th percentile of the 2000 CDC growth charts. Obesity is based on BMI-for-age values at or above the
95th percentile of the CDC growth charts.1


Chart 13-1. Prevalence of overweight among students in grades 9 through 12 by sex and race/ethnicity (YRBS: 2007). BMI
�95th percentile by age and sex of the CDC 2000 growth chart. Source: YRBS: 2007.5
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Chart 13-2. Age-adjusted prevalence of obesity in adults 20 to 74 years of age, by sex and survey (NHES: 1960–1962; NHANES:
1971–1974, 1976–1980, 1988–1994, and 2003–2006). Note: Obesity is defined as a BMI of �30.0 kg/m2. Source: Health, United
States, 2008 (NCHS).2


Chart 13-3. Trends in the prevalence of overweight among US children and adolescents by age and survey (NHANES: 1976–
1980, 1988–1994, and 2003–2006). Source: Health, United States, 2008 (NCHS).2
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14. Risk Factor: Diabetes Mellitus


ICD-9 250; ICD-10 E10–E14. See Table 14-1 and Charts
14-1 through 14-4.


Prevalence


Youth


● In the Search for Diabetes in Youth Study (SEARCH), the
prevalence of DM in youths �20 years of age in 2001 in the
United States was 1.82 cases per 1000 youths (0.79 per 1000
among youths 0 to 9 years of age and 2.80 per 1000 among


youths 10 to 19 years of age). Non-Hispanic white youths had
the highest prevalence (1.06 per 1000) in the younger group.
Among youths 10 to 19 years of age, black youths (3.22 per
1000) and non-Hispanic white youths (3.18 per 1000) had the
highest rates, followed by American Indian youths (2.28 per
1000), Hispanic youths (2.18 per 1000), and Asian/Pacific
Islander youths (1.34 per 1000). Among younger children,
type 1 DM accounted for �80% of DM; among older youths,
the proportion of type 2 DM ranged from 6% (0.19 per 1000
for non-Hispanic white youths) to 76% (1.74 per 1000 for
American Indian youths). This translates to 154 369 youths
with physician-diagnosed DM in 2001 in the United States,
for an overall prevalence estimate for DM in children and
adolescents of approximately 0.18%.1


● Approximately 186 000 people �20 years of age have diabe-
tes. Each year, �15 000 people �20 years of age are
diagnosed with type 1 diabetes. Healthcare providers are
finding more and more children with type 2 diabetes, a disease
usually diagnosed in adults �40 years of age. Children who
develop type 2 diabetes are typically overweight or obese and
have a family history of the disease. Most are American
Indian, black, Asian, or Hispanic/Latino.2


● Among adolescents 10 to 19 years of age diagnosed with
diabetes, 57.8% of blacks were diagnosed with type 2
versus type 1 diabetes compared with 46.1% of Hispanic
and 14.9% of white youths.3


● According to the Bogalusa Heart Study, a long-term
follow-up study of youth aging into adulthood, youth who
were prediabetic or who had diabetes are more likely to
have a constellation of metabolic disorders in young
adulthood (19 to 44 years of age), including obesity,
hypertension, dyslipidemia, and metabolic syndrome—all
of which predisposes to CHD.4


Adult


● Data from NHANES 1999 to 2002 (NCHS) showed the
prevalence of diagnosed DM in adults �65 years of age to
be 15.3%. The prevalence of undiagnosed DM was 6.9%.
This represents �5.4 million and 2.4 million older individ-
uals, respectively.5


● Among Americans �20 years of age, 9.6% have DM, and
among those �60 years of age, 21% have DM. Men �20
years of age have a slightly higher prevalence (11%) than
women (9%). Among non-Hispanic whites �20 years of
age, 9% have DM; the prevalence of DM among non-
Hispanic blacks in this age range is 1.8 times higher;
among Mexican Americans, it is 1.7 times higher; and
among American Indians and Alaska Natives, it is 1.5 to
2.2 times higher.6


● Data from NHANES (NCHS) show a disproportionately
high prevalence of DM in non-Hispanic blacks and Mex-
ican Americans compared with non-Hispanic whites, as
shown in Table 14-1.7


● The prevalence of diabetes was more than twice as high for
Asian Indian adults (14%) as for Chinese (6%) or Japanese
(5%) adults.8


● Type 2 DM accounts for 90% to 95% of all diagnosed cases
of DM in adults.9 In Framingham, Mass, 99% of DM is type 2.10


Abbreviations Used in Chapter 14


ACS acute coronary syndrome


AHRQ Agency for Healthcare Research and Quality


AMI acute myocardial infarction


ARIC Atherosclerosis Risk In Communities study


BMI body mass index


BP blood pressure


BRFSS Behavioral Risk Factor Surveillance System


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHS Cardiovascular Health Study


CI confidence interval


CVD cardiovascular disease


DM diabetes mellitus


ECG electrocardiogram


FHS Framingham Heart Study


HbA1c glycosylated hemoglobin


HR hazard ratio


ICD International Classification of Diseases


kg/m2 kilograms per square meter


LDL low-density lipoprotein


mg/dL milligrams per deciliter


MI myocardial infarction


mm Hg millimeter of mercury


NCHS National Center for Health Statistics


NH non-Hispanic


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NHIS National Health Interview Survey


NHLBI National Heart, Lung, and Blood Institute


NIDDK National Institute of Diabetes and Digestive and Kidney Diseases


NIH National Institutes of Health


NSTEMI non–ST-segment–elevation myocardial infarction


OR odds ratio


RR relative risk


SBP systolic blood pressure


SEARCH Search for Diabetes in Youth Study


STEMI ST-segment–elevation myocardial infarction


TIMI Thrombolysis In Myocardial Infarction


UA unstable angina
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● The prevalence of DM increased by 8.2% from 2000 to
2001. From 1990 to 2001, the prevalence of those diag-
nosed with DM increased 61%.11


● On the basis of 2008 BRFSS (CDC) data, the prevalence of
adults who reported ever having been told by a doctor that
they had DM ranged from 5.9% in Minnesota to 11.9% in
West Virginia. The median percentage among states was
8.2%.12


● The CDC analyzed data from 1994 to 2004 collected by the
Indian Health Service that indicated that the age-adjusted
prevalence per 1000 population of DM increased 101.2%
among American Indian/Alaska Native adults �35 years of
age (from 8.5% to 17.1%). During this time period, the
prevalence of diagnosed DM was greater among females
than males in all age groups.13


● The prevalence of DM for all age groups worldwide was
estimated to be 2.8% in 2000 and is projected to be 4.4%
in 2030. The total number of people with DM is projected
to rise from 171 million in 2000 to 366 million in 2030.14


● On the basis of projections from NHANES/NCHS studies
between 1984 and 2004, the total prevalence of DM in the
United States is expected to more than double from 2005 to
2050 (from 5.6% to 12.0%) in all age, sex, and race/ethnicity
groups. Increases are projected to be largest for the oldest age
groups (for instance, increasing by 220% among those 65 to
74 years of age and by 449% among those 75 years of age or
older). DM prevalence is projected to increase by 99% among
non-Hispanic whites, by 107% among non-Hispanic blacks,
and by 127% among Hispanics. The age/race/ethnicity group
with the largest increase is expected to be blacks �75 years of
age (increase of 606%).15


Incidence


Youths


● In the SEARCH study, the incidence of DM in youths
overall was 24.3 per 100 000 person-years. Among chil-
dren �10 years of age, most had type 1 DM, regardless of
race/ethnicity. The highest rates of incident type 1 DM
were observed in non-Hispanic white youths (18.6, 28.1,
and 32.9 per 100 000 person-years for age groups of 0 to 4,
5 to 9, and 10 to 14 years, respectively). Overall, type 2
DM was relatively infrequent, with the highest rates (17.0
to 49.4 per 100 000 person-years) seen among 15- to
19-year-old minority groups.16


Adults


● A total of 1 600 000 new cases of DM were diagnosed in
people �20 years of age in 2006.6


● Data from Framingham, Mass, indicate a doubling in the
incidence of DM over the past 30 years, most dramatically
during the 1990s. Among adults 40 to 55 years of age in
each decade of the 1970s, 1980s, and 1990s, the age-
adjusted 8-year incidence rates of DM were 2.0%, 3.0%,
and 3.7% among women and 2.7%, 3.6%, and 5.8% among
men, respectively. Compared with the 1970s, the age- and
sex-adjusted OR for DM was 1.40 in the 1980s and 2.05 in
the 1990s (P for trend �0.0006). Most of the increase in


absolute incidence of DM occurred in individuals with a
BMI �30 kg/m2 (P for trend �0.03).17


● Diabetes incidence in adults also varies markedly by race.
Over 5 years of follow-up in 45- to-84-year-olds in the
Multi-Ethnic Study of Atherosclerosis (MESA), 8.2% of
the cohort developed diabetes. The cumulative incidence
was highest in Hispanics (11.3%), followed by black
(9.5%), Chinese (7.7%), and white (6.3%) participants.18


Mortality
DM mortality in 2006 was 72 449. Any-mention mortality in
2006 was 231 000. The 2007 preliminary mortality was 70 905,
and the death rate was 22.4.19 (Source: NCHS and NHLBI).


● The 2006 overall underlying-cause death rate due to DM
was 23.3. Death rates per 100 000 persons were 25.4 for
white males, 49.7 for black males, 17.9 for white females,
and 41.6 for black females.20


● According to data from the National Diabetes Information
Clearinghouse, NIDDK, and NIH:


— At least 65% of people with DM die of some form of
heart disease or stroke.


— Heart disease death rates among adults with DM are 2
to 4 times higher than the rates for adults without DM.21


● FHS/NHLBI data show that having DM significantly in-
creased the risk of developing CVD (HR 2.5 for women and
2.4 for men) and of dying when CVD was present (HR 2.2 for
women and 1.7 for men). Diabetic men and women �50
years of age lived an average of 7.5 and 8.2 years less than
their nondiabetic equivalents. The differences in life expect-
ancy free of CVD were 7.8 and 8.4 years, respectively.22


● Analysis of data from NHANES 1971 to 2000 found that men
with DM experienced a 43% relative reduction in the age-
adjusted mortality rate, which is similar to that of nondiabetic
men. Among women with DM, however, mortality rates did
not decrease, and the difference in mortality rates between
diabetic and nondiabetic women doubled.23


● During 1979 to 2004, diabetes death rates for black youths
1 to 19 years of age were approximately twice those for
white youths. During 2003 to 2004, the annual average
diabetes death rate per 1 million youths was 2.46 for black
youths and 0.91 for white youths.24


● Analysis of data from the FHS, 1950 to 2005, found reduc-
tions in all-cause and CVD mortality among men and women
with and without DM. However, all-cause and CVD mortality
rates among individuals with DM remain approximately
2-fold higher compared with individuals without DM.25


Awareness


● The NIDDK estimates that 20.8 million Americans (7% of
the population) have DM and that �30% are unaware of
the diagnosis.6


● Analysis of NHANES/NCHS data from 1988 to 1994 to 1999
to 2002 in adults �20 years of age showed that one third of
those with DM did not know they had it. Although the
prevalence of diagnosed DM has increased significantly over
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the past decade, the prevalences of undiagnosed DM and
impaired fasting glucose have remained relatively stable.
Minority groups remain disproportionately affected.26


● Analysis of NHANES/NCHS data collected during 2003 to
2006 indicated that the prevalence of diabetes was 10.4%
among persons �20 years of age. Prevalence of diabetes
was defined as persons who (1) were told by a physician or
other health professional that they have diabetes, (2)
reported current use of insulin or oral agents for diabetes,
or (3) were not told of having diabetes and not on
treatment, but with a fasting plasma glucose (FPG) �126
mg/dL. Of the estimated 21 186 000 adults with diabetes,
73.3% were told or were on treatment and 26.7% (5.7
million) were unaware of the diagnosis. Of 7 895 000
people being treated (37.3% of the diabetic population),
one third of them (2 604 000) were controlled (ie, on
treatment with fasting plasma glucose �126 mg/dL) and
25.0% (5 300 000) were treated and uncontrolled (fasting
plasma glucose �126 mg/dL). An estimated 13 300 000
individuals with diabetes are not treated. The untreated and
unaware population (5 600 000) was 26.7% of the diabetic
population (Source: NHLBI tabulation of NHANES 2003
to 2006) (see Chart 14-4).


Aftermath


● Although the exact date of DM onset can be difficult to
determine, duration of DM appears to affect CVD risk.
Longitudinal data from Framingham, Mass, suggest that
the risk factor–adjusted relative risk of CHD was 1.38
(95% CI 0.99 to 1.92) times higher and the risk for CHD
death was 1.86 times higher (95% CI 1.17 to 2.93) for each
10-year increase in duration of DM.27


● DM increases the risk of stroke, with the RR ranging from
1.8 to almost 6.0.28


● Ischemic stroke patients with DM are younger, more likely
to be black, and more likely to have hypertension, MI, and
high cholesterol than nondiabetic patients. DM increases
ischemic stroke incidence at all ages, but this risk is most
prominent before 55 years of age in blacks and before 65
years of age in whites.29


● On the basis of data from the NCHS/NHIS, 1997 to 200530:


— During 1997 to 2005, the estimated number of persons
�35 years of age with DM with a self-reported cardio-
vascular condition increased 36%, from 4.2 million in
1997 to 5.7 million in 2005. However, the age-adjusted
prevalence of self-reported CVD conditions among
persons with diagnosed DM �35 years of age de-
creased 11.2%, from 36.6% in 1997 to 32.5% in 2005.


— During 1997 to 2005, age-adjusted CVD prevalence was
higher among men than women, among whites than
blacks, and among non-Hispanics than Hispanics. Among
women, the age-adjusted prevalence decreased by 11.2%;
among men, it did not decrease significantly. Among
blacks, the age-adjusted prevalence of self-reported CVD
decreased by 25.3%; among whites, no significant de-
crease occurred; among non-Hispanics, the rate decreased
by 12%. No clear trends were detected among Hispanics.


If the total number of persons with diabetes and self-
reported CVD increased over this period but proportions
with self-reported CVD declined, the data suggest that the
mean age at which people have been diagnosed is decreas-
ing, or the higher CVD mortality rate among older
diabetic individuals is removing them from ability to
self-report CVD. These and other data show a consistent
increase over time in the United States of the number of
persons with diabetes and CVD.


● Statistical modeling of the use and effectiveness of specific
cardiac treatments and of changes in risk factors between
1980 and 2000 among US adults 25 to 84 years of age showed
that the age-adjusted death rate for CHD decreased from 543
to 267 deaths per 100 000 population among men and from
263 to 134 deaths per 100 000 population among women.
Approximately 47% of this decrease was attributed to treat-
ments, and �44% was attributed to changes in risk factors,
although reductions were offset in part by increases in BMI
and the prevalence of DM, which accounted for an increased
number of deaths (8% and 10%, respectively).31 An analysis
from the Cooper Clinic in Dallas, Tex, of exercise ECG
responses and CVD mortality in 2854 men with diabetes
reported 441 deaths (210 CVD and 133 CHD) over follow-up
of 16 years. That analysis showed that equivocal and abnor-
mal exercise ECG responses were associated with higher risk
of all-cause, CVD, and CHD mortality. Across normal,
equivocal, and abnormal exercise ECG groups, age- and
examination year–adjusted CHD mortality rates per 10 000
person-years were 23.0, 48.6, and 69.0, respectively (P for
trend �0.001), and risk factor–adjusted HRs (95% CI) were
1.00, 1.68 (1.01 to 2.77), and 2.21 (1.41 to 3.46; P for trend
�0.001), respectively.32


● A subgroup analysis was conducted of patients with diabetes
enrolled in randomized clinical trials that evaluated ACS
therapies. The data included 62 036 patients from TIMI
studies (46 577 with ST-segment elevation MI [STEMI] and
15 459 with unstable angina/non-STEMI [UA/NSTEMI]). Of
these, 17.1% had diabetes. Modeling showed that mortality at
30 days was significantly higher among patients with diabetes
than among those without diabetes who presented with UA/
NSTEMI (2.1% versus 1.1%, P�0.001) and STEMI (8.5%
versus 5.4%, P�0.001), with adjusted risks for 30-day mor-
tality in diabetes versus no diabetes of 1.78 for UA/NSTEMI
(95% CI 1.24 to 2.56) and 1.40 (95% CI 1.24 to 1.57) for
STEMI. Diabetes was also associated with significantly higher
mortality 1 year after UA/NSTEMI or STEMI. By 1 year after
ACS, patients with diabetes presenting with UA/NSTEMI had a
risk of death that approached that of patients without diabetes
presenting with STEMI (7.2% versus 8.1%).33


● Data from the ARIC study of the NHLBI found that DM
was a weaker predictor of CHD in blacks than in whites.34


● Data from Framingham, Mass, show that despite improve-
ments in CVD morbidity and mortality, DM continues to
elevate CVD risk. Participants 45 to 64 years of age from
the FHS original and offspring cohorts who attended
examinations in 1950 to 1966 (“earlier” time period) and
1977 to 1995 (“later” time period) were followed up for
incident MI, CHD death, and stroke. Among participants
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with DM, the age- and sex-adjusted CVD incidence rate
was 286.4 per 10 000 person-years in the earlier period and
146.9 per 10 000 person-years in the later period, a 35.4%
decline. HRs for DM as a predictor of incident CVD were
not significantly different in the earlier (risk factor–ad-
justed HR 2.68, 95% CI 1.88 to 3.82) versus later (HR 1.96,
95% CI 1.44 to 2.66) periods.34 Thus, although there was a
50% reduction in the rate of incident CVD events among
adults with DM, the absolute risk of CVD remained 2-fold
greater than among persons without DM.35


— Data from these earlier and later time periods in Framing-
ham also suggest that the increasing prevalence of DM is
leading to an increasing rate of CVD, resulting in part
from CVD risk factors that commonly accompany DM.
The age- and sex-adjusted HR for DM as a CVD risk
factor was 3.0 in the earlier time period and 2.5 in the later
time period. Because the prevalence of DM has increased
over time, the population-attributable risk for DM as a
CVD risk factor increased from 5.4% in the earlier time
period to 8.7% in the later time period (attributable risk
ratio 1.62, P�0.04). Adjustment for CVD risk factors
(age, sex, hypertension, current smoking, high cholesterol,
and obesity) weakened this attributable risk ratio to 1.5
(P�0.12).36


— Other data from Framingham show that over 30 years,
CVD among women with diabetes was 54.8% among
normal-weight women but 78.8% among obese women.
Among normal-weight men with diabetes, the lifetime
risk of CVD was 78.6%, whereas it was 86.9% among
obese men.37


● Other studies show that the increased prevalence of DM is
being followed by an increasing prevalence of CVD
morbidity and mortality. New York City death certificate
data for 1989 to 1991 and 1999 to 2001 and hospital
discharge data for 1988 to 2002 show increases in all-cause
and cause-specific mortality between 1990 and 2000, as
well as in annual hospitalization rates for DM and its
complications among patients hospitalized with acute MI
(AMI) and/or DM. During this decade, all-cause and
cause-specific mortality rates declined, although not for
patients with DM; rates increased 61% and 52% for
diabetic men and women, respectively, as did hospitaliza-
tion rates for DM and its complications. The percentage of
all AMIs occurring in patients with DM increased from
21% to 36%, and the absolute number more than doubled,
from 2951 to 6048. Although hospital days for AMI fell
overall, for those with DM, they increased 51% (from 34
188 to 51 566). These data suggest that increases in DM
rates threaten the long-established nationwide trend toward
reduced coronary artery events.38


● In an analysis of provincial health claims data for adults
living in Ontario, Canada, between 1992 and 2000, the rate
of patients admitted for AMI and stroke decreased to a
greater extent in the diabetic than the nondiabetic popula-
tion (AMI: �15.1% versus �9.1%, P�0.0001; stroke:
�24.2% versus �19.4%, P�0.0001). Diabetic patients
experienced similar reductions in case fatality rates related


to AMI and stroke as those without DM (�44.1% versus
�33.2%, P�0.1; �17.1% versus �16.6%, P�0.9, respec-
tively) and similarly comparable declines in all-cause
mortality. Over the same period, the number of DM cases
increased by 165%, which translates to a marked increase
in the proportion of CVD events occurring among patients
with DM: AMI, 44.6%; stroke, 26.1%; AMI deaths, 17.2%;
and stroke deaths, 13.2%.39


● In the same data set, the transition to a high-risk category
(an event rate equivalent to a 10-year risk of 20% or an
event rate equivalent to that associated with previous MI)
occurred at a younger age for men and women with DM
than for those without DM (mean difference 14.6 years).
For the outcome of AMI, stroke, or death due to any cause,
diabetic men and women entered the high-risk category at
47.9 and 54.3 years of age, respectively. The data suggest
that DM confers a risk equivalent to aging 15 years. In
North America, diverse data show lower rates of CVD
among diabetic persons, but as the prevalence of DM has
increased, so has the absolute burden of CVD, especially
among middle-aged and older individuals.40


Risk Factors


● Data from the 2004 National Healthcare Disparities Report
(AHRQ, US Department of Health and Human Services)
found that only approximately one third of adults with DM
received all 5 interventions to reduce risk factors recom-
mended for comprehensive DM care in 2001. The proportion
receiving all 5 interventions was lower among blacks than
whites and among Hispanics than non-Hispanic whites.41


— In multivariate models that controlled for age, gender,
income, education, insurance, and residence location,
blacks were 38% less likely and Hispanics were 33% less
likely than their respective comparison groups to receive
all recommended risk factor interventions in 2001.41


● Between NHANES III 1988 to 1994 (NCHS) and
NHANES 1999 to 2002 (NCHS), considerable differences
were found among ethnic groups in glycemic control rates
among adults with type 2 DM. Among non-Hispanic
whites, the controlled rates were 43.8% in 1988 to 1994
and 48.4% in 1999 to 2002. For non-Hispanic blacks, the
rates were 41.2% and 36.5%, respectively. For Mexican
Americans, the respective rates were 34.5% and 34.2%.42


● In 1 large academic medical center, outpatients with type 2
DM were observed during an 18-month period for propor-
tions of patients who had HbA1c levels, BP, or total
cholesterol levels measured; who had been prescribed any
drug therapy if HbA1c levels, SBP, or LDL cholesterol
levels exceeded recommended treatment goals; and who
had been prescribed greater-than-starting-dose therapy if
these values were above treatment goals. Patients were less
likely to have cholesterol levels measured (76%) than
HbA1c levels (92%) or BP (99%; P�0.0001 for either
comparison). The proportion of patients who received any
drug therapy was greater for above-goal HbA1c (92%) than
for above-goal SBP (78%) or LDL cholesterol (38%;
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P�0.0001 for each comparison). Similarly, patients whose
HbA1c levels were above the treatment goal (80%) were
more likely to receive greater-than-starting-dose therapy
than were those who had above-goal SBP (62%) and LDL
cholesterol levels (13%; P�0.0001).43


— Data from the same academic medical center also showed
that CVD risk factors among women with DM were
managed less aggressively than among men with DM.
Women were less likely than men to have HbA1c �7%
(without CHD: adjusted OR for women versus men 0.84,
P�0.005; with CHD: 0.63, P�0.0001). Women without
CHD were less likely than men to be treated with
lipid-lowering medication (0.82; P�0.01) or, when
treated, to have LDL cholesterol levels �100 mg/dL
(0.75; P�0.004) and were less likely than men to be
prescribed aspirin (0.63; P�0.0001). Women with DM
and CHD were less likely than men to be prescribed
aspirin (0.70, P�0.0001) and, when treated for hyperten-
sion or hyperlipidemia, were less likely to have BP levels
�130/80 mm Hg (0.75, P�0.0001) or LDL cholesterol
levels �100 mg/dL (0.80, P�0.006).44


● In 2001 to 2002, among adults �18 years of age with
diabetes, 50.2% were not at goal for HbA1c (�7%), 64.6%
were not at goal for LDL cholesterol (�100 mg/dL), and
53% were not at goal for BP (�130/80 mm Hg). Moreover,
48.6% were not at recommended levels of triglycerides
(�150 mg/dL in women). Only 5.3% of men and 12.7% of
women were simultaneously at goal for HbA1c, LDL
cholesterol, and BP.45


● Analysis of data from the CHS study of the NHLBI found that
lifestyle risk factors including physical activity level, dietary
habits, smoking habits, alcohol use, and adiposity measures,
assessed late in life, were each independently associated with
risk of new-onset diabetes. Participants whose physical activ-
ity level and dietary, smoking, and alcohol habits were all in
the low-risk group had an 82% lower incidence of DM,
compared with all other participants. When absence of adi-
posity was added to the other 4 low-risk lifestyle factors,
incidence of DM was 89% lower.46


● Aggressive treatment of hypertension is recommended for
adults with diabetes to prevent cardiovascular complica-
tions. Between NHANES III (1984 to 1992) and NHANES
1999 to 2004, the proportion of patients with diabetes
whose BP was treated increased from 76.5% to 87.8%, and
the proportion whose blood pressure was controlled nearly
doubled (15.9% to 29.6%).47


Hospitalizations


Youth


● National Inpatient Sample data from 1993 to 2004 were
analyzed for individuals 0 to 29 years of age with a
diagnosis of diabetes. Rates of hospitalizations increased
by 38%. Hospitalization rates were higher for females
(42%) than for males (29%). Inflation-adjusted total
charges for diabetes hospitalizations increased 130%, from
$1.05 billion in 1993 to $2.42 billion in 2004.48


Cost
In 2007, the direct ($116 billion) and indirect ($58 billion) cost
attributable to DM was $174 billion.49 These estimates include
not just diabetes as a primary diagnosis, but diabetes-related
chronic complications that are attributed to diabetes.50


A study of data from NHANES 2003 to 2006, Ingenix
Research DataMart, 2003 to 2005 National Ambulatory Medical
Care Survey, the 2003 to 2005 National Hospital Ambulatory
Medical Care Survey, the 2004 to 2005 Nationwide Inpatient
Sample, and the 2003 to 2005 Medical Expenditure Panel
Survey found that the estimated economic cost of undiagnosed
DM in 2007 was $18 billion, including medical costs of $11
billion and indirect costs of $7 billion.51
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Table 14-1. Diabetes


Population Group


Prevalence of
Physician-Diagnosed DM,


2006 Age �20 y


Prevalence of
Undiagnosed DM,
2006 Age �20 y


Prevalence of
Prediabetes,


2006 Age �20 y


Incidence of
Diagnosed DM


Age �20 y
Mortality (DM),
2006‡ All Ages


Hospital Discharges,
2006 All Ages


Cost,
2007§


Both sexes 17 200 000 (7.7%) 6 100 000 (2.8%) 63 200 000 (29.0%) 1 600 000§ 72 449 584 000 $174 billion


Males 7 900 000 (7.6%) 3 800 000 (3.8%) 37 500 000 (35.9%) � � � 36 006 (49.7%)* 283 000 � � �


Females 9 300 000 (7.9%) 2 300 000 (1.9%) 25 700 000 (22.2%) � � � 36 443 (50.3%)* 301 000 � � �


NH white males 6.4% 3.7% 35.9% � � � 29 060 � � � � � �


NH white females 6.4% 1.8% 21.7% � � � 28 144 � � � � � �


NH black males 12.8% 3.8% 26.4% � � � 5772 � � � � � �


NH black females 13.0% 2.3% 22.3% � � � 7041 � � � � � �


Mexican American males 11.8% 3.2% 33.3% � � � � � � � � � � � �


Mexican American females 13.1% 3.8% 26.6% � � � � � � � � � � � �


Hispanic or Latino,† age �18 y 11.0% � � � � � � � � � � � � � � � � � �


Asian,† age �18 y 8.0% � � � � � � � � � � � � � � � � � �


AI/AN,† age �18 y 15.0% � � � � � � � � � � � � � � � � � �


Ellipses (. . .) indicate data not available; NH, non-Hispanic; and AI/AN, American Indian/Alaska Native.
Undiagnosed DM is defined here as those whose fasting glucose is �126 mg/dL but who did not report being told by a healthcare provider that they had DM.


Prediabetes is a fasting blood glucose of 100 to �126 mg/dL (impaired fasting glucose). Prediabetes includes impaired glucose tolerance.
*These percentages represent the portion of total DM mortality that is for males vs females.
†NHIS.52 Data are age-adjusted estimates for Americans �18 years of age.
‡Mortality data are for whites and blacks and include Hispanics.
§CDC; National Diabetes Fact Sheet, 2007. Accessed June 24, 2008.
Sources: Prevalence: Prevalence of diagnosed and undiagnosed diabetes: NHANES 2003–2006, NCHS, and NHLBI. Percentages for racial/ethnic groups are


age-adjusted for Americans �20 years of age. Age-specific percentages are extrapolations to the 2006 US population estimates. Prevalence of prediabetes: CDC Fact
Sheet.49 CDC computations are from NHANES 2003–2006; extrapolation to the 2007 US population. Percentages for racial/ethnic groups are age adjusted for
Americans �20 years of age. Incidence: NIDDK estimates. Mortality: NCHS. These data represent underlying cause of death only. Hospital discharges: NHDS, NCHS;
data include those inpatients discharged alive, dead, or status unknown.
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Chart 14-1. Prevalence of physician-diagnosed diabetes in adults ≥20 years of age by race/ethnicity and sex (NHANES: 2003–
2006). NH indicates non-Hispanic. Source: NCHS and NHLBI.
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15. End-Stage Renal Disease and
Chronic Kidney Disease


ICD-10 N18.0. See Tables 15-1 and 15-2.


End-stage renal disease (ESRD) is a condition that is most
commonly associated with diabetes and/or HBP and occurs
when the kidneys can no longer function normally on their
own. When this happens, patients are required to undergo
treatment such as hemodialysis, peritoneal dialysis, or kidney
transplantation. The ESRD population is increasing in size
and cost as those with chronic kidney disease (CKD) transi-
tion to ESRD. ESRD morbidity rates vary dramatically
among different age, race, ethnicity, and sex population
groups. Morbidity rates tend to increase with age and then fall
off for the oldest group. The age group with the highest
incidence rate is 75 to 79 years of age; the age group with the
highest prevalence rate is 70 to 74 years of age.


● Data from the 2008 annual report of the US Renal Data
System (USRDS) stated that in 2006, the prevalence of
ESRD was 506 256, with 65% of these prevalent cases
being treated with hemodialysis.1


● In 2006, 110 854 new cases of ESRD were reported.1
● By 2015, it is anticipated that there will be approximately


712 000 prevalent patients with ESRD or a requirement for
chronic dialysis or kidney transplantation in the United
States.2


● The number of persons treated for ESRD increased from
68 757 in 1994 to 102 356 in 2004.3


● Data from the USRDS show that in 2006, 87 654 patients
died of ESRD.1


● In 2004, mortality rates for those �65 years of age who
were receiving dialysis were 7 times greater than those of
the general Medicare population.3


● More than 18 000 kidney transplantations were performed
in 2006.1


● Diabetes continues to be the most commonly reported
cause of ESRD, followed by hypertension and glomerulo-
nephritis.3 These 3 diseases accounted for 80% of all cases
of ESRD between 1994 and 2004.3 Of the more than
100 000 persons who initiated therapy for kidney failure,
more than 70% did so because of diabetes and HBP.4


● Data from a large HMO cohort found that in addition to
established risk factors for ESRD, lower hemoglobin lev-
els, higher serum uric acid levels, self-reported history of
nocturia, and family history of kidney disease are indepen-
dent risk factors for ESRD.5


● Compared with white patients with similar levels of kidney
function, black patients are much more likely to progress to
ESRD and are on average 10 years younger when they
reach ESRD.6,7


● From 1994 to 2004, ESRD attributed to glomerulonephritis
decreased among all races analyzed.3


● From 1994 to 2004, ESRD attributed to glomerulonephritis
was highest among blacks.3


● ESRD attributed to diabetes or hypertension decreased for
American Indians/Alaska Natives and Asians/Pacific Is-
landers but not for whites or blacks from 1999 to 2004.3


This decrease is particularly impressive given the increas-
ing prevalence of diabetes among American Indians/
Alaska Natives.


● The CDC analyzed 1990–2002 data from the USRDS that
showed that diabetes was the leading cause of ESRD,
accounting for 44% of new cases in 2002. Although new
cases of DM-attributed ESRD increased overall, the inci-
dence of DM-attributed ESRD is not increasing among
blacks, Hispanics, men, and people 65 to 74 years of age,
and it is declining in people �65 years of age, women, and
whites.8


● Between 1996 and 1997, 3.2% of the Medicare population
had a diagnosis of CKD, which represents 63.6% of people
who progressed to ESRD after 1 year.9


● Data from a large HMO population reveal that among
adults with a GFR �60 mL · min�1 · 1.73 m�2 and no
evidence of proteinuria or hematuria at baseline, risks for
ESRD increased dramatically with higher baseline BP
level, and in this same patient population, BP-associated
risks were greater in men than in women and in blacks than
in whites10 (see Table 15-1).


● Results from a large community-based population showed
that higher BMI also independently increased the risk of


Abbreviations Used in Chapter 15


AHA American Heart Association


AMI acute myocardial infarction


ARF acute renal failure


BMI body mass index


BP blood pressure


CDC Centers for Disease Control and Prevention


CHD coronary heart disease


CHF congestive heart failure


CKD chronic kidney disease


CKF chronic kidney failure


CVD cardiovascular disease


DM diabetes mellitus


eGFR estimated glomerular filtration rate


ESRD end-stage renal disease


GFR glomerular filtration rate


HBP high blood pressure


HDL high-density lipoprotein


HF heart failure


HMO health maintenance organization


kg/m2 kilograms per square meter


K/DOQI Kidney Disease Outcome Quality Initiative


LDL low-density lipoprotein


mL � min�1 � 1.73 m�2 first morning urine protein/creatinine ratio


NCHS National Center for Health Statistics


NHANES National Health and Nutrition Examination Survey


NHDS National Hospital Discharge Survey


NKF National Kidney Foundation


PAD peripheral arterial disease


RR relative risk


USRDS United States Renal Data System
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ESRD. The higher risk of ESRD with overweight and
obesity was consistent across age, sex, and race and in the
presence or absence of diabetes, hypertension, or known
baseline kidney disease11 (see Table 15-2).


● Among persons with a reported hospitalization for acute
renal failure (ARF) in 2005, 23.1% had ARF as their
first-listed diagnosis, whereas 6.9% had septicemia, 6.4%
had CHF, and 5.9% had AMI as their first-listed diagnosis.
In 1980, DM was reported as an additional discharge
diagnosis for 23.4% of kidney disease hospitalizations.
This proportion peaked at 39.0% in 1996; DM was asso-
ciated with 27.0% of kidney disease hospitalizations in
2005. The proportion of kidney disease hospitalizations
with hypertension listed among discharge diagnoses in-
creased from 19.6% in 1980 to 41.1% in 2005 (unpublished
data from the NHDS, 2006).


● Without treatment, ESRD is fatal. Even with dialysis
treatment, mortality rates are higher than those of the
non-ESRD population, although they have been falling for
the past 5 years. Overall adjusted mortality rates for those
on dialysis are 8.2%.1


● CVD mortality rates within the first few months after
initiation of dialysis have declined in the past 5 years.1


● There was no significant difference between the percentage
of hemodialysis patients with a urea reduction ratio �65 in
2002 (86%) and 2006 (87%).12


Age, Sex, Race, and Ethnicity


● Pediatric transplantation rates for children 0 to 17 years of
age are higher than those of adults, with wait times for
pediatric transplantation candidates less than 1 year (me-
dian 163 days). There is no substantial variation in time to
transplantation by race among pediatric candidates.1


● The median age of the population with ESRD is 58.8 years
and varies little by race/ethnicity, at 60.0 years for whites,
56.9 years for blacks, 57.2 years for Hispanics, 59.1 years
for Asians, and 57.9 years for Native Americans.1


● Treatment of ESRD is more common in men than in women.1
● Blacks and Native Americans have much higher rates of


ESRD than do whites and Asians. Blacks represent nearly
28% of treated ESRD patients.1


Chronic Kidney Disease


Prevalence


● CKD is a serious health condition and a worldwide public
health problem. The incidence and prevalence of CKD are
increasing in the United States and are associated with poor
outcomes and a very high cost to the US healthcare system.
Controversy exists regarding whether CKD is itself an
independent risk factor for incident CVD, but it is clear that
persons with CKD, as well as those with ESRD, represent
a population at very high risk for CVD. In fact, individuals
with CKD are more likely to die of CVD than to transition
to ESRD. The USRDS estimates that by 2020, more than


700 000 Americans will have ESRD, with more than
500 000 requiring dialysis and more than 250 000 receiv-
ing a transplant.1


● The NKF K/DOQI developed guidelines that provided a
standardized definition for CKD in 2002. Prevalence esti-
mates may differ depending on assumptions used in ob-
taining estimates.13 The most recent US prevalence esti-
mates of CKD, with the use of K/DOQI guidelines, come
from NHANES 1999–2004 (NCHS) in adults �20 years of
age14:


— The prevalence of CKD (stages I to V)15 is 16.8%.14


This represents an increase from the 14.5% prevalence
estimate from NHANES 1988 –1994 (NCHS;
recalculated).14


— The prevalence of GFR �90 mL · min�1 · 1.73 m�2 with
kidney damage (ie, presence of albuminuria) is 5.7%.


— The prevalence of stage II CKD (eGFR 60 to 89 mL ·
min�1 · 1.73 m�2 with kidney damage) is 5.4%.


— The prevalence of stage III CKD (eGFR 30 to 59 mL ·
min�1 · 1.73 m�2) is 5.4%.


— The prevalence of stages IV and V CKD (eGFR �29 mL ·
min�1 · 1.73 m�2) is 0.4%.


● Nearly 26 million people (13%) in the United States have
CKD, and most are undiagnosed.16 Another 20 million are
at increased risk for CKD.17


● Self-reported awareness of poor kidney function is associated
with the degree of CKD. In 1999 to 2000, 24.3% were aware
of their disease with an eGFR of 15 to 59 mL · min�1 · 1.73
m�2 and albuminuria, whereas only 1.1% were aware of
decreased kidney function with an eGFR �90 mL · min�1 ·
1.73 m�2 and no albuminuria.18


Demographics


● The prevalence of CKD increased with advancing age as
follows1:


— 5.7% for those 20 to 39 years of age;
— 5.7% for those 40 to 59 years of age; and
— 37.8% for those �60 years of age.


● CKD was more prevalent among those with less than a high
school education (22.1%) than among those with at least a
high school education (15.7%).14


● CKD prevalence was greater among those with DM
(43.7%) and hypertension (28.0%) than among those with-
out these chronic conditions.1


● The prevalence of CKD was higher among Mexican
Americans (18.7%) and non-Hispanic blacks (19.9%) than
among non-Hispanic whites (16.1%). This disparity was
most evident for those with stage I CKD; non-Hispanic
whites had a CKD prevalence of 4.2% compared with
prevalences among Mexican Americans and non-Hispanic
blacks of 10.2% and 9.4%, respectively.14


Risk Factors


● Many traditional CVD risk factors are also risk factors for
CKD, including older age, male sex, hypertension, DM,
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elevated LDL, low levels of HDL, smoking, physical
inactivity, menopause, and family history of CVD.


● Other risk factors include systemic conditions such as
autoimmune diseases, systemic infections, and drug expo-
sure, as well as anatomically local conditions such as
urinary tract infections, urinary stones, lower urinary tract
obstruction, and neoplasia. Even after adjustment for these
risk factors, excess CVD risk remains.19


● Many clinical risk factors for CKD are the same as those
for CVD.


● Proteinuria is a strong independent risk factor for a decline
in eGFR, regardless of diabetes status, and is associated
with many of the same CVD risk factors as for CKD.20,21


ESRD/CKD and CVD


● CVD is the leading cause of death among those with
ESRD.


— CVD mortality is 5 to 30 times higher in dialysis
patients than in subjects from the general population of
the same age, sex, and race.22,23


— Individuals with less severe forms of kidney disease are
also at significantly increased risk.22


— CKD is a risk factor for recurrent cardiovascular
events.24


— Management of CVD differs and is more complex in
patients with CKD.25


● Studies from a broad range of cohorts demonstrate an
association between reduced eGFR and elevated risk of
CVD, CVD outcomes, and all-cause death,26–32 but data are
inconsistent with regard to whether these elevated risks are
independent of other known major CVD risk factors.


● Any degree of albuminuria, starting below the microalbumin-
uria cut point, has been shown to be an independent risk factor
for cardiovascular events, CHF hospitalization, PAD, and
all-cause death in a wide variety of cohorts.33–35,37–39


● A number of consensus documents, including statements
from the NKF Task Force40 and AHA (2003),22 have
indicated that persons with CKD should be considered part
of the highest-risk group for CVD.


Hospitalizations


● In 2006, an estimated 315 000 hospitalizations with a
first-listed discharge diagnosis of ARF and 35 000 with a
first-listed discharge diagnosis of chronic kidney failure
(CKF) occurred in the United States.17


● From 1980 to 2005, kidney disease was listed as a
diagnosis in �10 million hospitalizations. The annual
number of hospitalizations with a recorded diagnosis of
kidney disease quadrupled during this period, from
�416 000 in 1980 to 1 646 000 in 2005. Age-adjusted
hospitalization rates per 10 000 population increased from
20.6 in 1980 to 54.6 in 2005. Kidney disease hospitaliza-
tion rates were consistently 30% to 40% higher among men


than among women. The rates for both sexes increased
during 1980 to 2005, from 25.0 to 66.6 per 10 000 in men
and from 17.8 to 45.8 per 10 000 in women.17


Cost–ESRD


● The total annual cost of treating ESRD in the United States
was approximately $33 billion in 2005.17


Cystatin C: Kidney Function and HD


Serum cystatin C is a novel marker of kidney function and has
been proposed to be a more sensitive indicator of kidney
function than serum creatinine and creatinine-based estimat-
ing formulas. It is a low-molecular-weight protein produced
at a constant rate by all nucleated cells independent of age,
sex, and muscle mass. Cystatin C is excreted by the kidneys,
filtered through the glomerulus, and nearly completely reab-
sorbed by proximal tubular cells.41 Several equations have
been proposed using cystatin C alone and in combination
with serum creatinine to estimate kidney function.42,43


All-Cause Mortality


● Elevated levels of cystatin C have been shown to be
associated with increased risk for all-cause mortality in
studies from a broad range of cohorts.44–46


Cardiovascular Disease


● Data from a large national cohort found higher values of
cystatin C to be associated with prevalent stroke, angina,
and MI,47 as well as higher BMI.48


● Elevated cystatin C was an independent risk factor for
HF,49,50 PAD events,51 clinical atherosclerosis, and subclin-
ical measures of CVD in older adults,52 as well as for
cardiovascular events among those with CHD.44,53


● In several diverse cohorts, elevated cystatin C has been
found to be associated with cardiovascular mortality.46,54,55
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Table 15-1. BP and the Adjusted Risk of ESRD Among
316 675 Adults Without Evidence of Baseline Kidney Disease


JNC V BP Category Adjusted RR (95% CI)


Optimal 1.00 (Reference)


Normal, not optimal 1.62 (1.27–2.07)


High normal 1.98 (1.55–2.52)


Hypertension


Stage 1 2.59 (2.07–3.25)


Stage 2 3.86 (3.00–4.96)


Stage 3 3.88 (2.82–5.34)


Stage 4 4.25 (2.63–6.86)


JNC V indicates fifth report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure.


Table 15-2. Multivariable Association Between BMI and Risk
of ESRD Among 320 252 Adults


BMI, kg/m2 Adjusted RR (95% CI)


18.5–24.9 (Normal weight) 1.00 (Reference)


25.0–29.9 (Overweight) 1.87 (1.64–2.14)


30.0–34.9 (Class I obesity) 3.57 (3.05–4.18)


35.0–39.9 (Class II obesity) 6.12 (4.97–7.54)


�40.0 (Extreme obesity) 7.07 (5.37–9.31)
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16. Metabolic Syndrome
● The term metabolic syndrome (MetS) refers to a cluster of


risk factors for CVD and type 2 DM. Several different
definitions for MetS are in use; in the United States, the
NCEP Adult Treatment Panel III (ATP III) definition and
its 2 subsequent revisions have been used most commonly.
By this definition, MetS is diagnosed when �3 of the
following 5 risk factors are present1:


— Fasting plasma glucose �100 mg/dL or undergoing
drug treatment for elevated glucose.


— HDL cholesterol �40 mg/dL in men or �50 mg/dL in
women or undergoing drug treatment for reduced HDL
cholesterol.


— Triglycerides �150 mg/dL or undergoing drug treat-
ment for elevated triglycerides.


— Waist circumference �102 cm in men or �88 cm in
women.


— BP �130 mm Hg systolic or �85 mm Hg diastolic or
undergoing drug treatment for hypertension or antihy-
pertensive drug treatment in a patient with a history of
hypertension.


Adults


● On the basis of NHANES 2003–2006 data and NCEP/ATP
III guidelines, �34% of adults �20 years of age met the
criteria for MetS.4


● Also based on NHANES 2003–2006 data4:


— The age-adjusted prevalence was 35.1% for men and
32.6% for women.


— Among men, the age-specific prevalence ranged from
20.3% among people 20 to 39 years of age to 40.8% for
people 40 to 59 years of age and 51.5% for people �60
years of age. Among women, the age-specific preva-
lence ranged from 15.6% among people 20 to 39 years
of age to 37.2% for people 40 to 59 years of age and
54.4% for those �60 years of age.


— The age-adjusted prevalences of people with MetS
were 37.2%, 25.3%, and 33.2% for non-Hispanic white,
non-Hispanic black, and Mexican American men, re-
spectively. Among women, the percentages were
31.5%, 38.8%, and 40.6%, respectively.


— The age-adjusted prevalence was approximately 30%
higher among non-Hispanic black women than among
non-Hispanic black men and approximately 22% higher
among Mexican American women than among Mexi-
can American men.


● The prevalence of MetS is also high among immigrant
Asian Indians, ranging between 26.8% and 38.2% depend-
ing on the definition used.5


● The prevalence of MetS among pregnant women increased
to 26.5% during 1999 –2004 from 17.8% during
1988–1994.6


● However, the public’s recognition of MetS is limited.7


Children/Adolescents


● An AHA scientific statement about MetS in children and
adolescents was released in 2009.8


● MetS should be diagnosed with caution in children and
adolescents, because MetS categorization in adolescents is
not stable. Approximately half of the 1098 adolescent
participants in the Princeton School District Study diag-
nosed with pediatric ATP III MetS lost the diagnosis over
3 years of follow-up.8a


● On the basis of NHANES 1999–2002 data, the prevalence
of MetS in adolescents 12 to 19 years of age was 9.4%,
which represents �2.9 million persons. It was 13.2% in
males, 5.3% in females, 10.7% in whites, 5.2% in blacks,
and 11.1% in Mexican Americans.9


● In 1999–2004, approximately 4.5% of United States ado-
lescents 12 to 17 years of age had MetS according to the
definition developed by the International Diabetes Federa-
tion.10 In 2006, this prevalence would have represented
approximately 1.1 million adolescents 12 to 17 years of age
with MetS. It increased from 1.2% among those 12 to 13
years of age to 7.1% among those 14 to 15 years of age and
was higher among males (6.7%) than females (2.1%).
Furthermore, 4.5% of white adolescents, 3.0% of black
adolescents, and 7.1% of Mexican American adolescents
had MetS. The prevalence of MetS remained relatively
stable during successive 2-year periods: 4.5% for 1999–
2000, 4.4% to 4.5% for 2001–2002, and 3.7% to 3.9% for
2003–2004.


Abbreviations Used in Chapter 16


AHA American Heart Association


ARIC Atherosclerosis Risk In Communities


ATP III Adult Treatment Panel III of the National Cholesterol Education
Program


aROC area under the receiver-operating characteristic curve


BMI body mass index


BP blood pressure


CHD coronary heart disease


CI confidence interval


cm centimeter


CVD cardiovascular disease


DM diabetes mellitus


FRS Framingham risk score


HDL high-density lipoprotein


HR hazard ratio


MetS metabolic syndrome


mg/dL milligrams per deciliter


mm Hg millimeters of mercury


NCEP National Cholesterol Education Program


NCHS National Center for Health Statistics


NHANES National Health and Nutrition Examination Survey


NHLBI National Heart, Lung, and Blood Institute


OR odds ratio


PA physical activity


RR relative risk
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● In 1999–2002, among overweight or obese adolescents,
44% had MetS.9 In 1988–1994, two thirds of all adoles-
cents had at least 1 metabolic abnormality.11


● Of 31 participants in the NHLBI Lipid Research Clinics
Princeton Prevalence Study and the Princeton Follow-Up
Study who had MetS at baseline, 21 (68%) had MetS 25
years later.12 After adjustment for age, sex, and race, the
baseline status of MetS was significantly associated with
an increased risk of having MetS during adulthood (OR
6.2, 95% CI 2.8 to 13.8).


● In the Bogalusa Heart Study, 4 variables (BMI, homeosta-
sis model assessment of insulin resistance, ratio of triglyc-
erides to HDL cholesterol, and mean arterial pressure)
considered to be part of the MetS clustered together in
blacks and whites and in children and adults.13 The degree
of clustering was stronger among adults than children. The
clustering of rates of change in the components of the MetS
in blacks exceeded that in whites.


● Cardiovascular abnormalities are associated with MetS in
children and adolescents.14,15


Risk


Adults


● Consistent with 2 earlier meta-analyses, a recent meta-
analysis of prospective studies concluded that MetS
increased the risk of developing CVD (summary RR
1.78, 95% CI 1.58 to 2.00).16 The risk of CVD tended to
be higher in women (summary RR 2.63) than in men
(summary RR 1.98, P�0.09). On the basis of results
from 3 studies, MetS remained a predictor of cardiovas-
cular events after adjustment for the individual compo-
nents of the syndrome (summary RR 1.54, 95% CI 1.32
to 1.79).


● Several studies suggest that the FRS is a better predictor
of incident CVD than MetS.17–19 In the San Antonio
Heart Study, the area under the receiver operating
characteristic curve (aROC) was 0.816 for the FRS and
0.811 for the FRS plus the MetS.17 Furthermore, the
sensitivity for CVD at a fixed specificity was signifi-
cantly higher for the FRS than for the MetS. In ARIC,
MetS did not improve the risk prediction achieved by the
FRS.18 In the British Regional Heart Study, the aROC
for the FRS was 0.73 for incident CHD during 10 years
of follow-up, and the aROC for the number of MetS
components was 0.63.19 For CHD events during 20 years
of follow-up, the aROCs were 0.68 for the FRS and 0.59
for the number of MetS components.


● Estimates of relative risk for CVD generally increase as the
number of components of MetS increases.19,20 Compared
with men without an abnormal component in the Framing-
ham Offspring Study, the HRs for CVD were 1.48 (95% CI
0.69 to 3.16) for men with 1 or 2 components and 3.99
(95% CI 1.89 to 8.41) for men with �3 components.20


Among women, the HRs were 3.39 (95% CI 1.31 to 8.81)
for 1 or 2 components and 5.95 (95% CI 2.20 to 16.11) for
�3 components. Compared with men without a metabolic
abnormality in the British Regional Heart Study, the HRs


were 1.74 (95% CI 1.22 to 2.39) for 1 component, 2.34
(95% CI 1.65 to 3.32) for 2 components, 2.88 (95% CI 2.02
to 4.11) for 3 components, and 3.44 (95% CI 2.35 to 5.03)
for 4 or 5 components.19


● Analysis of data from NCHS was used to determine the
number of disease-specific deaths attributable to all non-
optimal levels of each risk factor exposure, by age and sex.
The results of the analysis of dietary, lifestyle, and meta-
bolic risk factors show that targeting a handful of risk
factors has large potential to reduce mortality in the United
States.21


Children


● Few prospective pediatric studies have examined the future
risk for CVD or diabetes according to baseline MetS status.
Data of 771 participants 6 to 19 years of age from the
NHLBI’s Lipid Research Clinics Princeton Prevalence
Study and the Princeton Follow-Up Study found that the
risk of developing CVD was substantially higher among
those with MetS than among those without this syndrome
(OR 14.6, 95% CI 4.8 to 45.3) who were followed up for
25 years.12


● Another analysis of 814 participants of this cohort showed
that those 5 to 19 years of age who had MetS at baseline
had an increased risk of having diabetes 25 to 30 years later
compared with those who did not have the syndrome at
baseline (OR 11.5, 95% CI 2.1 to 63.7).22


Risk Factors


● In prospective or retrospective cohort studies, the following
factors have been reported as being directly associated with
incident MetS, defined by 1 of the major definitions:
Age,22–25 low educational attainment,23,26 smoking,26–28


low levels of PA,26–31 low levels of physical fitness,29,32–34


intake of soft drinks,35 intake of diet soda,36 magnesium
intake,37 energy intake,31 carbohydrate intake,23,27,38 total
fat intake,23,38 Western dietary pattern,36 meat intake,36


intake of fried foods,36 heavy alcohol consumption,39


abstention from alcohol use,23 parental history of diabe-
tes,22 chronic stress at work,40 pediatric MetS,22 obesity or
BMI,23,24,27,31,41 childhood obesity,42 waist circumfer-
ence,25,38,43–46 intra-abdominal fat,47 gain in weight or
BMI,23,48 change in weight or BMI,25,27,49 weight fluctua-
tion,50 BP,25,38,45,51 heart rate,52 homeostasis model assess-
ment,46,53 fasting insulin,43 2-hour insulin,43 proinsulin,43


fasting glucose or hyperglycemia,25,43,45 2-hour glucose,43


impaired glucose tolerance,43 triglycerides,25,38,41,43–45 low
HDL cholesterol,25,38,42,43,45 oxidized LDL,53 uric acid,49,54


�-glutamyltransferase,49,55,56 alanine transaminase,49,55,57,58


plasminogen activator inhibitor-1,59 aldosterone,59 leptin,60


C-reactive protein,61,62 adipocyte–fatty acid binding pro-
tein,63 and free testosterone index.64


● The following factors have been reported as being in-
versely associated with incident MetS, defined by 1 of the
major definitions, in prospective or retrospective cohort
studies: Muscular strength,65 change in PA or physical
fitness,27,32 alcohol intake,26,31 Mediterranean diet,66 dairy
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consumption,36 insulin sensitivity,43 ratio of aspartate ami-
notransferase to alanine transaminase,57 total testoster-
one,64,67,68 sex hormone–binding globulin,64,67,68 and �5-
desaturase activity.69


● Furthermore, men were more likely than women to develop
MetS,23,25 and blacks were shown to be less likely to
develop MetS than whites.23
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17. Nutrition


See Tables 17-1 and 17-2 and Charts 17-1 through 17-3.


This chapter of the update highlights national nutritional
intake data focusing on foods, nutrients, dietary patterns, and
other dietary factors that are related to cardiometabolic
health. It is intended to examine current intakes, trends and
changes in intakes, and estimated effects on disease to
support and further stimulate efforts to monitor and improve
dietary habits in relation to cardiovascular health.


Prevalence


Foods and Nutrients: Adults
See Table 17-1; NHANES 2005–2006; personal communica-
tion with D. Mozaffarian (December 2008).


The dietary consumption by US adults of selected foods
and nutrients related to cardiometabolic health is detailed in
Table 17-1, according to sex and ethnic subgroups:


● Average consumption of whole grains by white and black
men and women was between 0.5 and 0.7 servings per day,
with only between 3% and 5% of white and black adults
consuming �3 servings per day. Average whole grain
consumption by Mexican Americans was �2 servings per
day, with 22% to 28% consuming �3 servings per day.


● Average fruit consumption ranged from 1.1 to 1.8 servings
per day in these sex and ethnic subgroups; 8% to 11% of
whites, 6% to 9% of blacks, and 6% to 10% of Mexican
Americans consumed �4 servings per day. When 100%
fruit juices were included, the number of servings con-
sumed and the proportions of adults consuming �4 serv-
ings per day approximately doubled.


● Average vegetable consumption ranged from 1.2 to 2.1
servings per day; 11% to 14% of whites, 5% to 10% of blacks,
and 3% to 5% of Mexican Americans consumed �5 servings
per day. The inclusion of vegetable juices and sauces gener-
ally produced little change in these consumption patterns.


● Average consumption of fish and shellfish was lowest
among white women (1.4 servings per week) and highest
among black and Mexican American men (1.7 servings per
week); between 75% and �80% of adults in each sex and
ethnic subgroup consumed fewer than 2 servings per week.
Approximately 6% of whites, 7% of blacks, and 6% to 7%
of Mexican Americans consumed �500 mg/d of eicosa-
pentaenoic acid (EPA) and docosahexaenoic acid (DHA).


● Average consumption of nuts, legumes, and seeds was �2
servings per week among black women, black men, and
white women; 3 servings per week among white men; and
6 and 8 servings per week among Mexican American
women and men, respectively. Approximately 18% of
whites, 14% to 17% of blacks, and 36% to 46% of Mexican
Americans consumed �4 servings per week.


● Average consumption of processed meats was lowest
among Mexican American women (1.5 servings per week)
and highest among black men (3.7 servings per week).
Between 40% (Mexican American women) and 68%
(black men) of adults consumed �1 serving per week.


● Average consumption of sugar-sweetened beverages
ranged from �6 servings per week among white women to
18 servings per week among Mexican American men.
Approximately 51% and 32% of white men and women,
76% and 66% of black men and women, and 78% and 61%
of Mexican American men and women, respectively, con-
sumed �36 oz (4.5 eight-ounce servings) per week.


● Average consumption of sweets and bakery desserts ranged
from �4 servings per day (Mexican American men) to 8
servings per day (white men). Approximately two thirds of
white and black men and women and half of all Mexican
American men and women consumed �25 servings per
week.


● Between 33% and 54% of adults in each sex and ethnic
subgroup consumed �10% of total calories from saturated
fat, and between 59% and 69% consumed �300 mg of
dietary cholesterol per day.


Abbreviations Used in Chapter 17


AHEI Alternative Health Eating Index


apo apolipoprotein


BMI body mass index


BP blood pressure


Cal/d calories per day


CHD coronary heart disease


CI confidence interval


CPI Consumer Price Index


CVD cardiovascular disease


DASH Dietary Approaches to Stop Hypertension


DBP diastolic blood pressure


DHA docosahexaenoic acid.


DM diabetes mellitus


EPA eicosapentaenoic acid


g gram


HD heart disease


HDL high-density lipoprotein


HEI Healthy Eating Index


HOMA homeostasis model assessment


ICAM-1 intercellular adhesion molecule-1


kcal kilockalories


LDL low-density lipoprotein


MetS metabolic syndrome


mg milligram


mg/dL milligrams per deciliter


mg/L milligrams per liter


mm Hg millimeters of mercury


NHANES National Health and Nutrition Examination Survey


PA physical activity


pmol/L picomoles per liter


RR relative risk


SBP systolic blood pressure


SD standard deviation


TOHP Trials of Hypertension Prevention


USDA US Department of Agriculture


USDHHS US Department of Health and Human Services
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● Only 3% to 7% of whites, 2% to 3% of blacks, and 11% to
12% of Mexican Americans consumed �28 g of dietary
fiber per day.


● Only 7% to 13% of whites, 9% to 10% of blacks, and 17%
to 24% of Mexican Americans consumed �2.3 g of sodium
per day. In 2005, the USDHHS and USDA recommended
that adults in specific groups, including people with hyper-
tension, all middle-aged and older adults, and all blacks,
should consume no more than 1.5 g of sodium per day.
Overall in 2005–2006, the majority (69.2%) of US adults
belonged to 1 or more of these specific groups in whom
sodium consumption should be �1.5 g/d.1


Foods and Nutrients: Children and Teenagers
See Table 17-2; NHANES 2005–2006; personal communica-
tion with D. Mozaffarian (December 2008).


The dietary consumption by US children and teenagers of
selected foods and nutrients related to cardiometabolic health
is detailed in Table 17-2:


● Average whole grain consumption was low, ranging from
0.4 to 0.5 servings per day, with �4% of children in
different age and sex subgroups consuming �3 servings
per day.


● Average fruit consumption was low: 1.5 and 1.3 servings
per day in younger boys and girls (5 to 9 years of age), 1.3
servings per day in adolescent boys and girls (10 to 14
years of age), and 0.8 servings per day in teenage boys and
girls (15 to 19 years of age). The proportion consuming �4
servings per day was low and decreased with age: 6% in
those 5 to 9 years of age, 6% to 8% in those 10 to 14 years
of age, and 3% to 4% in those 15 to 19 years of age. When
100% fruit juices were included, the number of servings
consumed approximately doubled or tripled, and propor-
tions consuming �4 servings per day were 18% to 19% of
those 5 to 9 years of age, 16% of those 10 to 14 years of
age, and 10% to 14% of those 15 to 19 years of age.


● Average vegetable consumption was low, ranging from 0.8
to 0.9 servings per day, with only up to 2% of children in
different age and sex subgroups consuming �5 servings
per day.


● Average consumption of fish and shellfish was low, rang-
ing from between 0.6 and 0.8 servings per week in 5- to
9-year-olds, 0.4 to 1.1 servings per week in 10- to 14-year-
olds, and 0.6 to 0.7 servings per week in 15- to 19-year-
olds. Among all ages, �15% of children and teenagers
consumed �2 servings per week.


● Average consumption of nuts, legumes, and seeds ranged
from 1.0 to 1.2 servings per week among 15- to 19-year-
olds to 1.4 to 1.7 servings per week at younger ages.
Between 9% and 13% of children in different age and sex
subgroups consumed �4 servings per week.


● Average consumption of processed meats ranged from 2.1
to 3.4 servings per week; was uniformly higher than the
average consumption of nuts, legumes, and seeds; and was
up to 6 times higher than the average consumption of fish
and shellfish. Between 42% and 60% of children consumed
�2 servings per week.


● Average consumption of sugar-sweetened beverages was
higher in boys than in girls and was �8 servings per week
in 5- to 9-year-olds, 11 to 14 servings per week in 10- to
14-year-olds, and 15 to 23 servings per week in 15- to
19-year-olds. This was generally considerably higher than
the average consumption of whole grains, fruits, vegeta-
bles, fish and shellfish, or nuts, legumes, and seeds. Only
between 13% (boys 15 to 19 years of age) and 40% (boys
and girls 5 to 9 years of age) of children consumed �4.5
servings per week.


● Average consumption of sweets and bakery desserts was �10
servings per week in 5- to 9-year-olds and 10- to 14-year-olds
and 6 to 9 servings per week in 15- to 19-year-olds. From 82%
(5 to 9 years of age) to 59% (15 to 19 years of age) of youths
consumed �2.5 servings per week.


● Average consumption of EPA�DHA was low, ranging
from �40 to 80 mg/d in boys and girls at all ages. Only
between 0.4% and 2.5% of children and teenagers at all
ages consumed �500 mg/d.


● Average consumption of saturated fat was between 11%
and 12% of calories, and average consumption of dietary
cholesterol was �230 mg/d. Approximately one fifth to
one third of children consumed �10% energy from satu-
rated fat, and �80% consumed �300 mg of dietary
cholesterol per day.


● Average consumption of dietary fiber ranged from 11 to 14
g/d. Less than 2% of children in different age and sex
subgroups consumed �28 g/d.


● Average consumption of sodium ranged from 3.0 to 3.4
g/d. Between 6% and 12% of children in different age and
sex subgroups consumed �2.3 g/d.


Energy Balance
Energy balance, or consumption of total calories appropriate
for needs, is determined by the balance of average calories
consumed versus expended, with this balance depending on
multiple factors, including calories consumed, PA, body size,
age, sex, and underlying basal metabolic rate. Thus, 1
individual may consume relatively high calories but have
negative energy balance (as a result of even greater calories
expended), whereas another individual may consume rela-
tively few calories but have positive energy balance (because
of low calories expended). Given such variation, the most
practical and reasonable method to assess energy balance in
populations is to assess changes in weight over time (see
“Trends” below).


● Average daily caloric intake in the United States is �2500
calories in adult men and 1800 calories in adult women
(Table 17-1). In children and teenagers, average caloric
intake is higher in boys than in girls and increases with age
in boys (Table 17-2). Trends in energy balance are de-
scribed below.


● Individual nutritional determinants of positive energy bal-
ance (more calories consumed than expended), as deter-
mined by adiposity or weight gain, include larger portion
sizes,2,3 higher intake of sugar-sweetened beverages,4,5 and
greater consumption of fast food and commercially pre-
pared meals.6–10


Heart Disease and Stroke Statistics—2010 Update: Chapter 17 e139


 by on December 17, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





● Each of these dietary factors has multiple influences; eg,
preferences for portion size are associated with BMI,
socioeconomic status, eating in fast food restaurants, and
television watching.11,12 Portion sizes are larger at fast food
restaurants than at home or at other restaurants.13


● In 1999–2000, 41% of US adults consumed �3 commer-
cially prepared meals per week.7 Between 1999 and 2004,
53% of Americans consumed an average of 1 to 3 restau-
rant meals per week, and 23% consumed �4 restaurant
meals per week.14 Spending on food away from home,
including restaurant meals, catered foods, and food eaten
during out-of-town trips, increased from 26% of average
annual food expenditures in 1970 to 42% in 2004.14


● Macronutrient composition of the diet, such as percent
calories from total fat or total carbohydrate, does not
appear to be strongly associated with energy balance as
ascertained by weight gain or loss.15–17 Preliminary evi-
dence suggests that aspects of dietary quality rather than
composition, such as extent of processing of carbohydrates
consumed,17 consumption of trans fat,18–20 and energy
density,21–23 may be associated with energy imbalance as
assessed by changes in adiposity or weight, but such data
are still emerging. Randomized controlled trials in obese
individuals generally show modestly greater weight loss with
low-carbohydrate versus low-fat diets at 6 months, but at 1
year, such differences diminish, and a diet that focuses on
dietary quality and whole foods may be most successful.24–26


● Other individual factors associated with positive energy
balance (weight gain) include greater television watching
(particularly as related to greater food consumption)27–32


and lower average sleep duration, particularly among
children.33


● Societal and environmental factors independently associ-
ated with energy imbalance (weight gain), via either
increased caloric consumption or decreased expenditure,
include education, income, race/ethnicity, and local condi-
tions such as availability of grocery stores, types of
restaurants, safety, parks and open spaces, and walking or
biking paths.34–36 PA is covered in a separate chapter of
this update.


Dietary Patterns
In addition to individual foods and nutrients, overall dietary
patterns can be used to assess more global dietary quality.
Different dietary patterns have been defined, including the
Healthy Eating Index (HEI), Alternative Health Eating Index
(AHEI), Western versus prudent dietary patterns, Mediterra-
nean dietary pattern, and DASH-type diet.


● In 1999–2004, only 19.4% of hypertensive US adults were
following a DASH-type diet (based on intake of fiber,
magnesium, calcium, sodium, potassium, protein, total fat,
saturated fat, and cholesterol). This represented a decrease
from 26.7% of hypertensive US adults in 1988–1994.37


● Among older US adults (�60 years of age) in 1999–2002,
72% met guidelines for dietary cholesterol intake, but only
between 18% and 32% met guidelines for the HEI food
groups (meats, dairy, fruits, vegetables, and grains). On the
basis of the HEI score, only 17% of older US adults


consumed a good-quality diet. Higher HEI scores were
seen in white adults and individuals with greater education;
lower HEI scores were seen in black adults and smokers.38


● Nearly 75 000 women 38 to 63 years of age in the Nurses’
Health Study without a history of CVD or DM were
followed up from 1984 to 2004. It was found that a greater
adherence to the Mediterranean diet, as reflected by a
higher Alternate Mediterranean Diet Score, was associated
with a lower risk of incident CHD and stroke in women.39


Dietary Supplements
Use of dietary supplements is common in the United States
among both adults and children:


● Half (53%) of US adults in 2001–2004 used dietary
supplements, with the most common supplement being
multivitamins and multiminerals (67% of supplement us-
ers). Most supplements were taken daily and for at least 2
years. Supplement use was associated with older age,
higher education, greater PA, wine intake, lower BMI, and
white race.14,40


● One third (32%) of US children (birth to 18 years of age) used
dietary supplements in 1999–2002, with the highest use
(48.5%) occurring among 4- to 8-year-olds. The most com-
mon supplements were multivitamins and multiminerals (58%
of supplement users). The primary nutrients supplemented
(either by multivitamins and/or individual vitamins) included
vitamin C (29% of US children), vitamin A (26%), vitamin D
(26%), calcium (21%), and iron (19%). Supplement use was
associated with higher family income, a smoke-free home
environment, lower child BMI, and less screen time (televi-
sion, video games, or computers).41


● In a 2005–2006 telephone survey of US adults, 41.3% were
making or had made in the past a serious weight-loss
attempt. Of these, one third (33.9%) had used a dietary
supplement for weight loss, with such use being more
common in women (44.9%) than in men (19.8%) and in
blacks (48.7%) or Hispanics (41.6%) than in whites
(31.2%); in those with high school education or less
(38.4%) than in those with some college or more (31.1%);
and in those with household income less than $40 000 per
year (41.8%) than in those with higher incomes (30.3%).42


● Multiple trials of most dietary supplements, including
folate, vitamin C, and vitamin E, have generally shown no
significant effect on CVD risk. The major exceptions are
long-chain �-3 fatty acids, for which 3 large randomized
controlled trials that included populations with and without
established HD have shown significant reductions in risk of
CVD events at doses of 1 to 2 g/d (Gruppo Italiano per lo
Studio della Sopravvivenza nell’Infarto miocardico
[GISSI]-Prevenzione, Japan EPA Lipid Intervention Study,
and GISSI-HF).43–45


Trends


Energy Balance
Energy balance, or consumption of total calories appropriate
for needs, has been steadily worsening in the United States
over the past several decades, as evidenced by the dramatic
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increases in overweight and obesity among both children and
adults across broad cross sections of sex, race/ethnicity,
geographic residence, and socioeconomic status.46,47


● Although trends in total calories consumed are difficult to
quantify exactly because of differing methods of serial
national dietary surveys over time, multiple lines of evi-
dence indicate that average total energy consumption has
increased by at least 200 kcal/d per person in the past 3
decades.


● Data from NHANES indicate that between 1971 and 2004,
average total energy consumption among US adults in-
creased by 22% in women (from 1542 to 1886 kcal/d) and
by 10% in men (from 2450 to 2693 kcal/d; Chart 17-1).
These increases are supported by data from the Nationwide
Food Consumption Survey (1977–1978) and the Continu-
ing Surveys of Food Intake (1989–1998).13


● The increases in calories consumed during this time period
are attributable primarily to greater average carbohydrate
intake, particularly of starches, refined grains, and sugars
(see “Foods and Nutrients” below). Other specific changes
related to increased caloric intake in the United States
include larger portion sizes, greater food quantity and
calories per meal, and increased consumption of sugar-
sweetened beverages, snacks, commercially prepared (es-
pecially fast food) meals, and higher-energy-density
foods.7,13,48–52


● Between 1977–1978 and 1994–1996, the average portion
sizes for nearly all foods increased at fast food outlets,
other restaurants, and home. These included a 33% increase
in the average portion of Mexican food (from 408 to 541
calories), a 34% increase in the average portion of cheese-
burgers (from 397 to 533 calories), a 36% increase in the
average portion of french fries (from 188 to 256 calories),
and a 70% increase in the average portion of salty snacks
such as crackers, potato chips, pretzels, puffed rice cakes,
and popcorn (from 132 to 225 calories).13


● Among US children 2 to 7 years of age, an estimated
energy imbalance of only 110 to 165 kcal/d (the equivalent
of one 12- to 16-oz bottle of soda/cola) was sufficient to
account for the excess weight gain between 1988–1994
and 1999–2002.53


Foods and Nutrients
Several changes in foods and nutrients have occurred over
time. Selected changes are highlighted:


Macronutrients


● Starting in 1977 and continuing until the most recent
dietary guidelines revision in 2005, a major focus of US
dietary guidelines was reduction of total dietary fat.52


During this time, average total fat consumption declined as
a percent of calories from 36.9% to 33.4% in men and from
36.1% to 33.8% in women (Chart 17-1).


● Dietary guidelines during this time also emphasized carbo-
hydrate consumption (eg, as the base of the Food Guide
Pyramid),54 which increased from 42.4% to 48.2% of
calories in men and from 45.4% to 50.6% of calories in
women (Chart 17-1). Evaluated as absolute intakes, the


increase in total calories consumed during this period was
attributable primarily to the greater consumption of carbo-
hydrates, both as foods (starches and grains) and as
beverages.55,56


Sugar-Sweetened Beverages


● Between 1965 and 2002, the average percentage of total
calories consumed from beverages in the United States
increased from 11.8% to 21.0% of energy, which repre-
sents an overall absolute increase of 222 cal/d per person.51


This increase was due largely to increased consumption of
sugar-sweetened beverages and alcohol: Average con-
sumption of fruit juices went from 20 to 39 kcal/d; of milk,
from 125 to 94 kcal/d; of alcohol, from 26 to 99 kcal/d; of
sweetened fruit drinks, from 13 to 38 kcal/d; and of
soda/cola, from 35 to 143 kcal/d (Chart 17-2).


● In addition to increased overall consumption, the average
portion size of a single sugar-sweetened beverage in-
creased by �50% between 1977 and 1996, from 13.1 to
19.9 fl oz.13


● Among children and teenagers (2 to 19 years of age), the
largest increases in consumption of sugar-sweetened bev-
erages between 1988–1994 and 1999–2004 were seen
among black and Mexican American youths compared
with white youths.52


Fruits and Vegetables


● Between 1994 and 2005, the average consumption of fruits
and vegetables declined slightly, from a total of 3.4 to 3.2
servings per day. The proportions of men and women
consuming combined fruits and vegetables �5 times per
day were low (�20% and 29%, respectively) and did not
change during this period.57


Morbidity and Mortality


Effects on Cardiovascular Risk Factors
In randomized controlled trials, dietary habits affect multiple
cardiovascular risk factors, including both established risk
factors (SBP and DBP, LDL cholesterol levels, HDL choles-
terol levels, glucose levels, and obesity/weight gain) and
novel risk factors [eg, inflammation, cardiac arrhythmias,
endothelial cell function, triglyceride levels, lipoprotein(a)
levels, and heart rate]:


● A DASH dietary pattern with low sodium reduced SBP by
7.1 mm Hg in adults without hypertension and by
11.5 mm Hg in adults with hypertension.58


● Compared with the low-fat DASH diet, DASH-type diets
that increased consumption of either protein or unsaturated
fat had similar or greater beneficial effects on CVD risk
factors. Compared with a baseline usual diet, each of the
DASH-type diets, which included various percentages
(27% to 37%) of total fat and focused on whole foods such
as fruits, vegetables, whole grains, and fish, as well as
potassium and other minerals and low sodium, reduced
SBP by 8 to 10 mm Hg, DBP by 4 to 5 mm Hg, and LDL
cholesterol by 12 to 14 mg/dL. The diets that had higher
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levels of protein and unsaturated fat also lowered triglyc-
eride levels by 16 and 9 mg/dL, respectively.59


● In a meta-analysis of randomized controlled trials, con-
sumption of 1% of calories from trans fat in place of
saturated fat, monounsaturated fat, or polyunsaturated fat,
respectively, increased the ratio of total to HDL cholesterol
by 0.031, 0.054, and 0.67; increased apoB levels by 3, 10,
and 11 mg/L; decreased apoA-1 levels by 7, 5, and 3 mg/L;
and increased lipoprotein(a) levels by 3.8, 1.4, and 1.1
mg/L.60


● In meta-analyses of randomized controlled trials, consump-
tion of EPA�DHA for �12 weeks lowered SBP by
2.1 mm Hg61 and resting heart rate by 2.5 bpm.62


● In a randomized controlled trial, compared with a low-fat
diet, 2 Mediterranean dietary patterns that included either
virgin olive oil or mixed nuts lowered SBP by 5.9 and
7.1 mm Hg, plasma glucose by 7.0 and 5.4 mg/dL, fasting
insulin by 16.7 and 20.4 pmol/L, the HOMA index by 0.9
and 1.1, and the ratio of total to HDL cholesterol by 0.38
and 0.26 and raised HDL cholesterol by 2.9 and 1.6 mg/dL,
respectively. The Mediterranean dietary patterns also low-
ered levels of C-reactive protein, interleukin-6, intercellu-
lar adhesion molecule-1 (ICAM-1), and vascular cell ad-
hesion molecule-1.63


Effects on Cardiovascular Outcomes
Because dietary habits affect a broad range of established and
novel risk factors, estimation of the impact of nutritional
factors on cardiovascular health by considering only a limited
number of pathways (eg, only effects on lipids, BP, and
obesity) will systematically underestimate the total impact on
health. Randomized controlled trials and prospective obser-
vational studies can better quantify the effect of dietary habits
on clinical outcomes:


● In the Women’s Health Initiative randomized clinical trial
(n�48 835), reduction of total fat consumption from 37.8%
energy (baseline) to 24.3% energy (at 1 year) and 28.8%
energy (at 6 years) had no effect on incidence of CHD (RR
0.98, 95% CI 0.88 to 1.09), stroke (RR 1.02, 95% CI 0.90
to 1.15), or total CVD (RR 0.98, 95% CI 0.92 to 1.05) over
a mean of 8.1 years.64 This was consistent with null results
of 4 prior randomized clinical trials (see below) and
multiple large prospective cohort studies (see below) that
indicated little effect of total fat consumption on risk
of CVD.65–74


● In a meta-analysis of randomized controlled trials, in-
creased polyunsaturated fat consumption in place of satu-
rated fat reduced CHD risk by 24%.75


● In a meta-analysis of prospective cohort studies, greater
whole grain intake (2.5 compared with 0.2 servings per
day) was associated with a 21% lower risk of CVD events
(RR 0.79, 95% CI 0.73 to 0.85), with similar estimates for
specific CVD outcomes (HD, stroke, fatal CVD) and in
sex-specific analyses. In contrast, refined grain intake was
not associated with lower risk of CVD (RR 1.07, 95% CI
0.94 to 1.22).76


● In a pooled analysis of individual-level data from 11
prospective cohort studies in the United States, Europe, and
Israel that included 344 696 participants, each 5% energy


of polyunsaturated fat consumption in place of saturated fat
was associated with a 13% lower risk of CHD (RR 0.87,
95% CI 0.77 to 0.97). In contrast, each 5% energy of
carbohydrate consumption in place of saturated fat was
associated with a 7% higher risk of CHD (RR 1.07, 95% CI
1.01 to 1.14), and each 5% energy of monounsaturated fat
consumption in place of saturated fat was not significantly
associated with CHD risk.77


● In a meta-analysis of prospective cohort studies, each 2%
of calories from trans fat was associated with a 23% higher
risk of CHD (RR 1.23, 95% CI 1.11 to 1.37).78


● In meta-analyses of prospective cohort studies, each daily
serving of fruits or vegetables was associated with a 4% lower
risk of CHD (RR 0.96, 95% CI 0.93 to 0.99) and a 5% lower
risk of stroke (RR 0.95, 95% CI 0.92 to 0.97).79,80


● Higher estimated consumption of dietary sodium was not
associated with lower CVD mortality in NHANES,81 al-
though such findings may be limited by changes in behav-
iors that result from underlying risk (reverse causation). In
a post hoc analysis of the Trials of Hypertension Prevention
(TOHP), participants randomized to low-sodium interven-
tions had a 25% lower risk of CVD (RR 0.75, 95% CI 0.57
to 0.99) after 10 to 15 years of follow-up after the original
trials.82


● Among 88 520 generally healthy women in the Nurses’
Health Study who were 34 to 59 years of age in 1980 and
were followed up from 1980 to 2004, regular consumption
of sugar-sweetened beverages was independently associ-
ated with higher incidence of CHD, with 23% and 35%
higher risk with 1 and �2 servings/d, respectively, com-
pared with �1/mo.83


● In a cohort of 380 296 US men and women, greater versus
lower adherence to a Mediterranean dietary pattern, char-
acterized by higher intakes of vegetables, legumes, nuts,
fruits, whole grains, fish, and unsaturated fat and lower
intakes of red and processed meat, was associated with a
22% lower cardiovascular mortality (RR 0.78, 95% CI 0.69
to 0.87).84 In a cohort of 72 113 US female nurses, a dietary
pattern characterized by higher intakes of vegetables,
fruits, legumes, fish, poultry, and whole grains was asso-
ciated with a 28% lower cardiovascular mortality (RR 0.72,
95% CI 0.60 to 0.87), whereas a dietary pattern character-
ized by higher intakes of processed meat, red meat, refined
grains, french fries, and sweets/desserts was associated
with a 22% higher cardiovascular mortality (RR 1.22, 95%
CI 1.01 to 1.48).85 Similar findings have been seen in other
cohorts and for other outcomes, including development of
diabetes and MetS.86–90


● In 1 report that used consistent and comparable risk
assessment methods and nationally representative data, the
mortality effects in the United States of 12 modifiable
dietary, lifestyle, and metabolic risk factors were assessed.
High dietary salt consumption was estimated to be respon-
sible for 102 000 annual deaths; low dietary �-3 fatty acids
for 84 000 annual deaths; high dietary trans fatty acids for
82 000 annual deaths; and low consumption of fruits and
vegetables for 55 000 annual deaths.91
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Cost
The USDA forecast that the Consumer Price Index (CPI) for
all food would increase 4.5% to 5.5% in 2008 as retailers
continued to pass on higher commodity and energy costs to
consumers in the form of higher retail prices. The CPI for
food increased 4.0% in 2007, the highest annual increase
since 1990. Prices for foods eaten at home increased 4.2% in
2007, whereas prices for foods eaten away from home
increased by 3.6%.52


● The proportion of total US food expenditures for meals
outside the home, as a share of total food dollars, increased
from 25% in 1957 to 38% in 1977 to 49% in 200754 (Chart
17-3).


● The proportion of sales of meals and snacks from fast food
restaurants compared with total meals and snacks away
from home increased from 5% in 1958 to 28% in 1977 to
37% in 2007.92


● As a proportion of income, food has become less expensive
over time in the United States. As a share of personal
disposable income, average (mean) total food expenditures
by families and individuals have decreased from 23.5%
(1947) to 18.4% (1957) to 13.4% (1977) to 9.8% (2007).
For any given year, the share of disposable income spent on
food is inversely proportional to absolute income; the share
increases as absolute income levels decline.92


● Among 154 forms of fruits and vegetables priced using
ACNielsen Homescan data, more than half were estimated
to cost �25 cents per serving. Consumers could meet a
recommendation of 3 servings of fruits and 4 servings of
vegetables daily for a total cost of 64 cents per day.92


● An overview of the costs of various strategies for primary
prevention of CVD determined that the estimated costs per
year of life gained were between $9800 and $18 000 for
statin therapy, $1500 or more for nurse screening and
lifestyle advice, $500 to $1250 for smoking cessation, and
$20 to $900 for population-based healthy eating.93


● Each year, more than $33 billion in medical costs and $9
billion in lost productivity resulting from HD, cancer,
stroke, and diabetes are attributed to poor nutrition.94–99
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Table 17-1. Dietary Consumption in 2005 to 2006 Among US Adults (>20 Years of Age) of Selected Foods and Nutrients Related to
Cardiometabolic Health96–99


NH White Men NH White Women NH Black Men NH Black Women Mexican American Men Mexican American Women


Average
Consumption
(Mean�SD)


% Meeting
Guidelines*


Average
Consumption
(Mean�SD)


% Meeting
Guidelines*


Average
Consumption
(Mean�SD)


% Meeting
Guidelines*


Average
Consumption
(Mean�SD)


% Meeting
Guidelines*


Average
Consumption
(Mean�SD)


% Meeting
Guidelines*


Average
Consumption
(Mean�SD)


% Meeting
Guidelines*


Foods


Whole grains,
servings/d


0.7�0.6 4.6 0.7�0.6 5.0 0.5�0.3 3.6 0.5�0.6 4.4 2.2�1.6 28.2 1.6�1.5 22.0


Fruits,
servings/d


1.2�1.3 7.5 1.6�1.5 11.0 1.2�1.3 8.6 1.1�1.3 5.8 1.3�1.5 5.9 1.8�1.3 10.2


Fruits including
100% juices,
servings/d


2.0�1.8 16.0 2.1�1.6 17.0 2.3�1.8 21.9 2.1�1.6 14.3 2.0�1.8 13.8 2.8�2.1 23.7


Vegetables,
servings/d


1.8�1.1 10.7 2.1�1.1 14.3 1.3�0.8 5.1 1.7�1.2 9.5 1.2�0.6 3.6 1.4�0.7 4.6


Vegetables
including
juices/sauces,
servings/d


2.0�1.2 13.4 2.2�1.2 16.0 1.4�0.7 5.2 1.8�1.2 10.2 1.4�0.6 4.3 1.6�0.6 5.5


Fish and
shellfish,
servings/wk


1.6�1.4 22.3 1.4�1.1 19.7 1.7�1.2 24.2 1.7�1.1 24.4 1.7�2.0 18.5 1.5�1.1 19.2


Nuts, legumes,
and seeds,
servings/wk


2.5�1.6 18.2 2.3�1.6 18.2 2.2�0.4 16.6 1.5�0.6 14.0 7.6�6.9 45.9 5.9�3.7 36.2


Processed
meats,
servings/wk


3.2�1.8 46.3 1.9�1.1 61.2 3.7�1.9 42.3 2.2�1.3 56.6 1.9�1.1 66.8 1.5�1.1 69.8


Sugar-
sweetened
beverages,
servings/wk


10.5�11.4 48.7 6.0�10.2 68.2 15.6�8.6 23.8 12.5�8.2 35.6 17.7�10.8 21.8 10.6�8.2 38.9


Sweets and
bakery
desserts,
servings/wk


7.6�4.9 33.1 7.3�3.7 34.9 7.1�4.9 41.0 7.2�1.8 40.5 4.3�2.9 50.6 6.6�3.0 47.3


Nutrients


Total calories,
kcal/d


2587�667 NA 1750�454 NA 2425�608 NA 1742�603 NA 2441�692 NA 1853�546 NA


EPA�DHA, g/d 0.126�0.134 5.8 0.124�0.134 5.8 0.164�0.168 7.6 0.153�0.125 6.7 0.138�0.134 7.4 0.123�0.134 5.5


ALA, g/d 1.34�0.27 25.4 1.54�0.51 72.1 1.28�0.34 20.1 1.43�0.44 67.2 1.17�0.26 15.6 1.27�0.32 57.9


n-6 PUFA, %
energy


7.0�1.2 NA 7.4�1.6 NA 7.2�1.4 NA 7.5�2.0 NA 6.5�1.1 NA 6.6�1.7 NA


Saturated fat,
% energy


11.5�2.3 32.7 11.5�2.3 33.5 11.0�1.9 36.4 10.6�2.3 40.1 9.9�2.1 54.1 10.3�1.7 49.3


Dietary
cholesterol,
mg/d


270�91 68.8 279�93 67.7 298�108 65.1 308�91 59.2 304�138 62.7 280�97 65.5


Total fat,
% energy


34.1�5.3 55.4 34.1�4.9 55.2 34.1�4.8 46.3 33.2�5.4 52.9 31.2�5.2 66.4 31.2�5.3 66.1


Carbohydrate,
% energy


47.3�7.7 NA 49.0�6.6 NA 48.8�6.2 NA 51.1�6.7 NA 50.9�6.9 NA 53.6�6.8 NA


Dietary fiber, g/d 14.8�4.6 3.2 17.1�5.7 6.8 12.9�3.8 2.0 14.0�5.0 3.3 18.0�6.7 11.7 19.1�4.6 10.7


Sodium, g/d 3.3�0.8 13.1 3.6�0.5 7.2 3.2�0.4 10.2 3.4�0.6 8.7 3.0�0.8 24.4 3.2�0.6 17.4


NH indicates non-Hispanic; ALA, �-linoleic acid; n-6-PUFA, �-6-polyunsaturated fatty acid; and NA, not available.
Based on data from NHANES 2005 to 2006 (two 24-hour dietary recalls per person, with SDs adjusted for within- and between-person variation). All values are


energy adjusted, and for comparability, means and proportions are reported for a 2000-kcal/d diet. To obtain actual mean consumption levels, multiply group means
by group-specific total caloric consumption divided by 2000.


*Guidelines adjusted to a 2000-kcal/d diet. Whole grains (characterized as minimum 1.1 g of fiber per 10 g of carbohydrate), 3 or more 1-oz equivalent (1 oz of bread;
1 cup of dry cereal; 1/2 cup of cooked rice, pasta, or cereal) servings per day (Dietary Guidelines for Americans); fish or shellfish, 2 or more 100-g (3.5-oz) servings per week96;
fruits, 4 or more 1/2-cup servings per day97; vegetables, 5 or more 1/2-cup servings per day, including up to 3 cups per week of starchy vegetables97; nuts, legumes, and
seeds, 4 or more 50-g servings per week96; processed meats (bacon, hot dogs, sausage, processed deli meats), 2 or fewer 100-g (3.5-oz) servings per week (1/4 of
discretionary calories)97; sugar-sweetened beverages (defined as �50 cal/8 oz, excluding whole juices), 36 oz or less per week (�1/4 of discretionary calories)96,97; sweets
and bakery desserts, 2.5 or fewer 50-g servings per week (�1/4 of discretionary calories)96,97; EPA�DHA, �0.5 g/d98; ALA, �1.6/1.1 g/d (men/women)99; saturated fat,
�10% energy97; dietary cholesterol, �300 mg/d97; total fat, 20% to 35% energy97; dietary fiber, �28/d97; and sodium, �2.3 g/d.97
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Table 17-2. Dietary Consumption in 2005 to 2006 Among US Children and Teenagers of Selected Foods and Nutrients Related to
Cardiometabolic Health


Boys (5–9 y) Girls (5–9 y) Boys (10–14 y) Girls (10–14 y) Boys (15–19 y) Girls (15–19 y)


Average


Consumption


(Mean�SD)


% Meeting


Guidelines*


Average


Consumption


(Mean�SD)


% Meeting


Guidelines*


Average


Consumption


(Mean�SD)


% Meeting


Guidelines*


Average


Consumption


(Mean�SD)


% Meeting


Guidelines*


Average


Consumption


(Mean�SD)


% Meeting


Guidelines*


Average


Consumption


(Mean�SD)


%


Meeting


Guidelines*


Foods


Whole grains,


servings/d


0.5�0.4 0.9 0.5�0.2 0.8 0.5�0.5 4.0 0.5�0.4 2.6 0.4�0.4 2.0 0.5�0.4 2.5


Fruits, servings/d 1.5�0.6 6.2 1.3�0.8 6.2 1.3�0.4 8.4 1.3�0.4 5.9 0.8�0.6 3.2 0.8�0.8 4.2


Fruits including


100% juices,


servings/d


2.6�1.6 18.7 2.3�1.3 17.7 2.0�1.1 15.6 2.2�1.1 15.8 1.7�1.4 14.2 1.7�1.3 10.3


Vegetables,


servings/d


0.8�0.5 1.4 1.9�0.6 2.1 0.8�0.5 2.2 0.9�0.5 2.2 0.8�0.5 1.2 0.9�0.5 2.3


Vegetables including


juices/sauces,


servings/d


0.9�0.5 1.8 1.0�0.6 1.7 0.9�0.8 2.2 1.0�0.5 2.3 1.0�0.8 1.5 1.0�0.5 2.4


Fish and shellfish,


servings/wk


0.6�0.3 11.7 0.8�0.3 13.8 1.1�0.4 15.2 0.4�0.4 9.2 0.6�0.4 10.3 0.7�0.4 12.2


Nuts, legumes, and


seeds, servings/wk


1.5�2.8 13.0 1.7�2.8 12.9 1.4�2.3 8.8 1.5�2.3 11.2 1.2�2.1 9.2 1.0�1.8 8.7


Processed meats,


servings/wk


2.2�1.0 60.0 2.1�1.1 59.0 2.5�1.1 57.0 2.3�1.2 54.8 3.4�1.7 41.8 2.3�1.7 58.6


Sugar-sweetened


beverages,


servings/wk


7.8�5.5 40.6 8.0�3.7 39.7 14.2�6.2 19.9 10.9�5.6 31.6 22.5�8.7 12.9 15.3�8.7 27.2


Sweets and bakery


desserts,


servings/wk


10.2�4.1 18.2 9.8�4.1 18.4 9.5�4.1 24.0 8.4�4.0 28.0 6.5�3.3 41.2 8.5�1.5 32.6


Nutrients


Total calories, kcal/d 2010�278 NA 1777�292 NA 2210�423 NA 1901�483 NA 2809�477 NA 1901�457 NA


EPA�DHA, g/d 0.048�0.025 NA 0.063�0.025 NA 0.081�0.030 NA 0.044�0.030 NA 0.064�0.022 NA 0.068�0.021 NA


ALA, g/d 1.14�0.17 11.1 1.13�0.25 42.6 1.13�0.17 11.2 1.23�0.25 49.4 1.12�0.20 12.5 1.33�0.20 56.7


n-6 PUFA, % energy 6.4�0.8 NA 6.3�1.0 NA 6.5�0.8 NA 6.9�1.0 NA 6.3�1.1 NA 6.9�1.1 NA


Saturated fat, %


energy


11.9�1.5 21.9 12.0�1.1 20.2 11.7�1.7 24.3 11.5�1.5 28.6 11.8�1.2 25.6 11.7�2.0 29.5


Dietary cholesterol,


mg/d


220�72 85.0 250�72 75.2 230�86 79.2 218�115 85.1 239�48 75.7 222�64 81.4


Total fat, % energy 33.3�3.5 63.8 33.3�2.5 67.9 33.4�3.3 61.9 33.3�4.1 62.3 33.5�3.0 57.6 33.4�5.6 56.8


Carbohydrate, %


energy


54.0�4.7 NA 53.9�3.5 NA 53.1�4.9 NA 53.8�5.0 NA 51.5�3.6 NA 53.0�4.2 NA


Dietary fiber, g/d 13.6�2.1 0.1 13.7�2.2 1.3 13.0�3.6 1.8 13.8�3.2 0.8 11.5�2.3 0.7 12.8�1.9 0.7


Sodium, g/d 3.0�0.3 10.4 3.2�0.4 6.8 3.2�0.4 8.4 3.4�0.4 6.1 3.2�0.4 12.4 3.3�0.4 10.0


ALA indicates �-linoleic acid; n-6-PUFA, �-6-polyunsaturated fatty acid; and NA, not available.
Based on data from NHANES 2005 to 2006 (two 24-hour dietary recalls per person, with SDs adjusted for within- and between-person variation). All values are


energy adjusted, and for comparability, means and proportions are reported for a 2000-kcal/d diet. To obtain actual mean consumption levels, multiply group means
by group-specific total caloric consumption divided by 2000. Each of these guidelines is age-appropriately adjusted to a 2000-kcal/d diet, as for adults.


*See Table 17-1 for food group, serving size, and guideline definitions.
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Chart 17-1. Age-adjusted trends in macronutrients and total calories consumed by US adults (20 to 74 years of age), 1971–2004.
Source: National Center for Health Statistics. Health, United States 2007, With Chartbook on Trends in the Health of Americans.14
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Chart 17-2. Per capita calories consumed from different beverages by US adults (≥19 years of age), 1965–2002. Source: Nation-
wide Food Consumption Surveys (1965, 1977–1978) and NHANES (1988–1994, 1999–2002); Duffey and Popkin.51
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Chart 17-3. Total US food expenditures away from home and at home, 1977 and 2007. Source: USDA Economic Research Service.54
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18. Quality of Care


See Tables 18-1 through 18-8.


The Institute of Medicine defines quality of care as “the
degree to which health services for individuals and popula-
tions increase the likelihood of desired health outcomes and
are consistent with current professional knowledge” (p 232).
This chapter of the update highlights national data on quality
of care for several cardiovascular conditions. It is intended to
serve as a benchmark for current care and to stimulate efforts
to improve the quality of cardiovascular care nationally.
Where possible, data are reported from standardized quality
indicators (ie, those consistent with the methods for quality
performance measures endorsed by the American College of
Cardiology and the AHA).2 Additional data on aspects of


quality of care, such as adherence with American College of
Cardiology/AHA clinical practice guidelines, are also in-
cluded to provide a spectrum of quality-of-care data.


In addition to describing gaps in care, there have been a
number of studies that have implemented interventions to
improve the quality of care provided to patients with CVDs.
Some of these quality-improvement interventions are high-
lighted below.


● A randomized trial showed that a clinical reminder, embedded
in echocardiography reports, about the use of �-blockers in
patients with reduced left ventricular systolic function im-
proved the prescription of �-blockers in the 9 months that
followed the echocardiogram (74% versus 64%; P�0.002).3


● In a quasi-experimental study, there was a strong associa-
tion between hospitals that used an explicit “discharge
contract” with patients and lower 1-year mortality after
AMI hospital discharge among hospitals participating in
the Michigan “Guidelines Applied in Practice” program.
After multivariable adjustment, hospitals in the higher 2
tertiles of hospital discharge contract use were associated
with lower 1-year mortality than those in the lowest tertile
(tertile 2 [OR 0.43, 95% CI 0.22 to 0.84]) and tertile 3 (OR
0.45, 95% CI 0.27 to 0.75).4


● In a statewide quasi-experimental study in North Carolina, the
implementation of a coronary reperfusion plan at hospitals (10
PCI hospitals and 55 non-PCI hospitals) improved median
reperfusion times significantly: First door-to-device time (pre-
senting to PCI hospital; from 85 to 74 minutes, P�0.001),
transferred to PCI hospital (from 165 to 128 minutes,
P�0.001), door-to-needle time in non-PCI hospitals (from 35
to 29 minutes, P�0.002), and door-in to door-out time for
patients transferred from non-PCI hospitals (from 120 to 71
minutes, P�0.001). Nonreperfusion rates were unchanged
(15%) in non-PCI hospitals and decreased from 23% to 11%
in the PCI hospitals.5


● In a before-and-after study, implementation of ED physi-
cian activation of the catheterization laboratory and imme-
diate transfer of the patient to an available catheterization
laboratory improved median door-to-balloon time (113.5
versus 75.5 minutes, P�0.0001). The percentage of pa-
tients treated within 90 minutes increased from 28% to
71% (P�0.0001). Mean infarct size decreased (peak cre-
atinine kinase 2623�3329 versus 1517�1556 IU/L,
P�0.0089), as did hospital length of stay (5�7 versus 3�2
days, P�0.0097) and total hospital costs per admission
($26 826�29 497 versus $18 280�8943, P�0.0125).6


● In a randomized controlled trial, an intervention that consisted
of home BP monitoring and secure patient Web site training
plus pharmacist care management delivered through Web
communications significantly improved BP control compared
with usual care in patients with essential hypertension. Pa-
tients in the intervention had a greater net reduction in SBP
(�13.2 mm Hg, 95% CI �19.2 to 7.1 mm Hg, P�0.001) and
DBP (�4.6 mm Hg, 95% CI �8.0 to �1.2 mm Hg,
P�0.001) and improved BP control (RR 3.32, 95% CI 1.86 to
5.94, P�0.001) compared with patients given usual care.7


● At a tertiary care academic hospital, use of a 3-member
rapid response team to evaluate, treat, and triage inpatients


Abbreviations Used in Chapter 18


ACS acute coronary syndrome


ACTION Acute Coronary Treatment and Intervention Outcomes
Network


AHA American Heart Association


AMI acute myocardial infarction


AOR adjusted odds ratio


BP blood pressure


CAD coronary artery disease


CI confidence interval


CMS Centers for Medicare and Medicaid Services


CRUSADE Can Rapid Risk Stratification of Unstable Angina
Patients Suppress Adverse Outcomes With Early
Implementation of the ACC/AHA Guidelines


CVD cardiovascular disease


DBP diastolic blood pressure


ED emergency department


ETT exercise tolerance test


GWTG Get With The Guidelines


HBA1c glycosylated hemoglobin


HF heart failure


ICD implantable cardioverter defibrillator


IU/L international units per liter


LDL low-density lipoprotein


mg/dL milligrams per deciliter


mm Hg millimeters of mercury


NAMCS National Ambulatory Medical Care Survey


NCDR National Cardiovascular Data Registry


NHAMCS National Hospital Ambulatory Medical Care Survey


NRMI National Registry of Myocardial Infarction


NSTEMI non–ST-elevation myocardial infarction


PCI percutaneous coronary intervention


RR relative risk


SBP systolic blood pressure


STEMI ST-elevation myocardial infarction


TIA transient ischemic attack


USDHHS US Department of Health and Human Services


VHA Veterans Health Administration
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with evidence of acute physiological decline was not
associated with a reduction in the primary end point of
hospital-wide code rates (adjusted OR [AOR] 0.76, 95% CI
0.57 to 1.01, P�0.06) or in-hospital mortality (3.22 versus
3.09 per 100 admissions).8


Quality of Care by Race/Ethnicity and Sex
Racial/ethnic, sex-based, and socioeconomic disparities in
healthcare quality have been well documented. Elimination of
disparities in health care is a critical goal and has become the
focus of a number of national initiatives. Reporting and moni-
toring of quality-of-care measures stratified by race/ethnicity and
patient sex are important steps toward addressing disparities in
health care through organizational quality improvement.
Quality-of-care measures stratified by race/ethnicity and sex
have been reported for hospitals participating in “Get With The
Guidelines” (GWTG) from January 1, 2008, through December
31, 2008, for stroke, CAD, and HF (Tables 18-3, 18-7, and 18-8).


● In a retrospective cohort study of �1.2 million black and
white Medicare beneficiaries �68 years of age admitted
with AMI between January 1, 2000, and June 30, 2005, to
4627 US hospitals, black patients admitted to hospitals
with or without revascularization services were less likely
to undergo revascularization than white patients (34.3%
versus 50.2% and 18.3% versus 25.9%, respectively;
P�0.001) and had higher 1-year mortality rates (35.3%
versus 30.2% and 39.7% versus 37.6%, respectively;
P�0.001), which persisted after multivariable adjustment.9


● In a nested case-control study of Medicare beneficiaries �66
years of age by 1999–2001, nonblack men were more likely
to be given a stress test than women or black men (OR for
nonblack men compared with black women 1.71), even after
adjustment for patient characteristics and physician visit
frequency.10 In a separate study, there were no gender differ-
ences in subsequent diagnostic testing (coronary angiography
or additional stress testing) in the 6 months after an initial
positive ETT; however, women were less likely to undergo
angiography (OR 0.63, 95% CI 0.47 to 0.83), with a trend
toward more subsequent stress testing.11


● On the basis of data from the NCDR ICD registry of patients
undergoing first-time ICD implantation between January
2006 and December 2007, women were more likely than men
to experience any in-hospital adverse event (4.4% versus
3.3%, P�0.001) and major in-hospital adverse events (2.0%
versus 1.1%, P�0.001) after ICD implantation.12


● Using data from the 2005 NAMCS and the NHAMCS,
among patients with hypertension, women 65 to 80 years of
age were less likely than men to have controlled hyperten-
sion (OR 0.62, 95% CI 0.45 to 0.85), and women were also
less likely than men to be given aspirin (OR 0.43, 95% CI
0.27 to 0.67) and �-blockers (OR 0.60, 95% CI 0.36 to
0.99) for secondary prevention of CVD.13


● Data from the US National Hospital Ambulatory Health Care
Survey of EDs demonstrated that African American men had
a lower likelihood of receiving diagnostic testing when they
presented with chest pain. African American men had the
lowest probabilities of undergoing electrocardiography and
chest radiography (74.3% and 62%, respectively, compared


with 81.1% and 70.3%, respectively, among non-African
American men). Only 37.5% of African American women
received cardiac monitoring, compared with 54.5% of
non-African American men. Similarly, African American
women were significantly less likely than non-African
American men to have their oxygen saturation measured.
Patients who were uninsured or self-paying, as well as
patients with “other” insurance, also had a lower probabil-
ity than insured persons of having these tests ordered.14


ACS Quality-of-Care Measures
Table 18-1 summarizes quality-of-care indicators as measured
by different national organizations or registries. Each of the
organization/registries focuses on specific populations among
patients hospitalized for an ACS:


● Aggregate data related to CVD from 158 Veterans Adminis-
tration hospitals for the period between January 2008 and
December 2008 are listed in Table 18-1 (Office of Quality and
Performance, VHA). Only patients who were candidates for
each quality indicator were considered (ie, patients with
contraindications to a given therapy were not considered).


● The data shown in Table 18-1 were collected by the
Centers for Medicare and Medicaid Services (CMS)/Joint
Commission on quality-of-care indicators including acute
MI from eligible patients for hospital admissions from
October 1, 2007, through September 30, 2008. Additional
data were obtained from the USDHHS Hospital Compare
Web site. Additional data can be obtained from
http://www.hospitalcompare.hhs.gov/hospital/home2.asp.


● The ACTION Registry (Acute Coronary Treatment and In-
tervention Outcomes Network) is a national risk-adjusted,
outcomes-based quality-improvement program. The ACTION
Registry measures outcomes of STEMI and NSTEMI patients
and combines the data collection and quality reporting fea-
tures of the former NRMI and CRUSADE registries. By
participating in the ACTION Registry, enrolled hospitals can
measure their performance in treating patients with AMI
against national benchmarks. Listed in Table 18-1 are aggre-
gate data from 52 707 qualifying patients (20 982 STEMI and
31 725 NSTEMI) discharged in 2008 by 268 facilities.


● GWTG-CAD is a national quality-improvement initiative
of the AHA to help hospitals redesign systems of care to
improve adherence to guidelines in patients admitted with
a cardiovascular event. Table 18-1 summarizes perfor-
mance with regard to the selected quality-of-care indicators
for CAD events. These were collected from 72 910 patients
who were admitted to 317 hospitals participating in the
GWTG-CAD program from January 1, 2008, through
December 31, 2008.


HF Quality-of-Care Measures
GWTG-HF is a national quality-improvement initiative of the
AHA to help hospitals redesign systems of care to improve
adherence to guidelines in patients admitted with HF. Table 18-2
summarizes performance with regard to the selected quality-of-
care indicators for HF hospitalizations. These were collected
from 66 259 patients who were admitted to 310 hospitals
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participating in the GWTG-HF program from January 1, 2008,
through December 31, 2008.


AHA/American Stroke Association
GWTG-Stroke Program
GWTG-Stroke is a national quality-improvement initiative of
the AHA/American Stroke Association to help hospitals
redesign systems of care to improve adherence to guidelines
in patients admitted with an ischemic stroke or transient
ischemic attack (TIA). Table 18-3 summarizes performance
with regard to the selected treatment and quality-of-care
indicators for acute stroke and secondary prevention. There
were 275 728 clinically identified patients who were admitted
to 1155 hospitals participating in the GWTG-Stroke program
from January 1, 2008, through December 31, 2008.


Society of Thoracic Surgeons National Database
The Society of Thoracic Surgeons National Database is a
national quality-improvement initiative of the Society of
Thoracic Surgeons designed to improve the quality of care for
patients undergoing cardiothoracic surgery. Table 18-4 sum-
marizes aggregate data for 270 012 procedures performed at
859 participating sites in 2008.


National Committee for Quality Assurance Health
Plan Employer Data and Information Set
Measures of Care
The National Committee for Quality Assurance is a not-for-
profit organization dedicated to improving healthcare quality.
The clinical data for 2006 were based on voluntary reporting
by �500 health plans. All clinical data were rigorously
audited. The Health Plan Employer Data and Information Set
measures reported in Table 18-5 are a tool used by 90% of
America’s managed healthcare plans to measure performance
on important dimensions of care and service. More informa-
tion can be obtained at http://web.ncqa.org.


Data From 2006 NAMCS on Hypertension Control
NAMCS is a national probability sample survey of visits to
nonfederal office-based physicians in the United States.
Sample data are weighted to produce annual national esti-
mates of physician visits. Table 18-6 summarizes data from
the 2006 NAMCS.
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Table 18-1. ACS Quality-of-Care Measures


Quality-of-Care Measure VHA*


National
Medicare and


Medicaid†


AHA
GWTG-
CAD‡


NCDR-
ACTION§


Aspirin within 24 h
of admission


98 98 91� 97


Aspirin at discharge 99 97 94� 98


�-Blockers within 24 h
of admission, among AMI
and angina patients


97 95 71 93


�-Blockers at discharge 99 97 94� 96


Lipid-lowering medication
at discharge


NM NM 82 90


Lipid therapy at discharge
if LDL �100 mg/dL


96¶ NM 92� 92


ARB/ACEI at discharge
for patients with LVEF �40%


95 93 92� 85


ACEI at discharge for
AMI patients


NM NM 67 68


Adult smoking cessation
advice/counseling


99 99 98� 96


Fibrinolytic therapy
within 30 minutes


53 49 NM 58


PCI within 90 minutes NM 79 72 82


Cardiac rehabilitation
referral for AMI
patients


NM NM 53 77


NM indicates not measured; ARB, angiotensin receptor blocker; ACEI,
angiotensin-converting enzyme inhibitor; and LVEF, left ventricular ejection
fraction.


Values are percentages.
*VHA: AMI patients.
†National Medicare and Medicaid: AMI patients.
‡AHA GWTG-CAD: Patients admitted with a cardiovascular event. In the


GWTG-CAD registry, the in-hospital mortality rate was 4.3% (Excludes transfer
outpatients. If discharge status is missing, assumed “no.”). The mean length of
hospital stay was 5.2 days (median 3.0 days). Length of stay (LOS) was defined
previously as follows: LOS�	discharge date�arrival date
�1. Currently,
same-day or next-day discharge is defined as LOS�1, and subsequent
discharges are defined as LOS�	discharge date�arrival date
.


§ACTION Registry: STEMI and NSTEMI patients are reported separately.
Patients must be admitted with acute ischemic symptoms within the previous
24 hours, typically reflected by a primary diagnosis of STEMI or NSTEMI.
Patients who are admitted for any other clinical condition are not eligible.


�Indicates the 6 key achievement measures targeted in GWTG-CAD. The
composite quality-of-care measure was 93.7%. The composite quality-of-care
measure indicates performance with regard to the provision of several elements of
care. It is computed by summing the numerators for each key performance
measure across the population of interest to create a composite numerator (all the
care that was given), summing the denominators for each measure to form a
composite denominator (all the care that should have been given), and reporting the
ratio (the percentage of all the needed care that was given).


¶Lipid-lowering therapy among patients with LDL�130 mg/dL.


Table 18-2. HF Quality-of-Care Measures


Quality-of-Care Measure
National Medicare


and Medicaid
AHA-


GWTG-HF VA


LVEF assessment 96 97* 100


ARB/ACEI at discharge for
patients with left ventricular
systolic dysfunction


92 92* 95


Complete discharge instructions 81 89* 95


Adult smoking cessation
advice/counseling


97 97* 97


�-Blockers at discharge for
patients with LVSD, no
contraindications


NM 93* NM


Anticoagulation for AF or atrial
flutter, no contraindications


NM 60 NM


LVEF indicates left ventricular ejection fraction; ARB/ACEI, angiotensin
receptor blocker/angiotensin-converting enzyme inhibitor; LVSD, left ventricular
systolic dysfunction; NM, not measured; and AF, atrial fibrillation.


Values are percentages.
In the GWTG registry, mechanical ventilation was required in 2.1% of


patients. In-hospital mortality rate was 2.9%, and mean length of hospital stay
was 5.6 days (median 4.0 days).


*Indicates the 5 key performance measures targeted in GWTG-HF. The
composite quality-of-care measure was 93.3%. The composite quality-of-care
measure indicates performance with regard to the provision of several elements of
care. It is computed by summing the numerators for each key performance
measure across the population of interest to create a composite numerator (all the
care that was given), summing the denominators for each measure to form a
composite denominator (all the care that should have been given), and reporting the
ratio (the percentage of all the needed care that was given).
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Table 18-3. AHA/American Stroke Association GWTG-Stroke Program


Quality-of-Care Measure Overall White Black Hispanic Men Women


IV tPA within 3 h in patients who arrived �2 h
after symptom onset*


62.3 61.8 62.0 62.5 63.9 60.8


IV tPA within 3 h in patients who arrived �3 h
after symptom onset


49.0 48.9 48.2 48.6 50.7 47.3


Antithrombotics �48 h after admission* 95.9 96.1 95.5 95.0 96.4 95.6


DVT prophylaxis by second hospital day* 92.2 92.1 92.5 91.2 92.5 92.0


Antithrombotics at discharge* 96.9 97.2 96.0 96.2 97.2 96.7


Anticoagulation for atrial fibrillation at discharge* 93.1 93.2 92.9 91.2 93.5 92.8


Therapy at discharge if LDL �100 mg/dL or
LDL not measured or on therapy when
admitted*


82.1 82.0 82.4 82.1 85.0 79.6


Counseling for smoking cessation* 94.2 94.8 93.3 92.6 94.3 94.1


Stroke education provided 65.5 65.5 67.4 63.4 66.4 64.7


Stroke rehabilitation referral 94.2 94.1 94.9 93.5 93.8 94.6


Composite quality-of-care measure 91.7 91.7 91.5 90.9 92.6 90.9


IV tPA indicates intravenous tissue plasminogen activator; DVT, deep venous thrombosis.
Values are percentages.
In-hospital mortality for the overall patient population was 7.03%, and mean length of hospital stay was 5.31 days (median 4.00 days).
*Indicates the 7 key performance measures targeted in GWTG-Stroke.


Table 18-4. The Society of Thoracic Surgeons
National Database


Measure Society of Thoracic Surgeons 2008 Data


No. of isolated coronary artery
bypass procedures


158 750


No. of aortic valve procedures 19 830


No. of mitral valve procedures 4513


Unadjusted isolated coronary
artery bypass operative
mortality rate, %


1.9


Unadjusted aortic valve
operative mortality rate, %


3.1


Unadjusted mitral valve
operative mortality rate, %


6.0


Mean postprocedure length of
stay for isolated coronary
artery bypass procedures, d


7.0


Mean postprocedure length of
stay for aortic valve
procedures, d


8.1


Mean postprocedure length of
stay for mitral valve
procedures, d


10.4


Table 18-5. National Committee for Quality Assurance Health
Plan Employer Data and Information Set Measures of Care


Commercial, % Medicare, % Medicaid, %


AMI


�-Blocker persistence* 71.9 75.5 62.0


Cholesterol management for
patients with CAD


Cholesterol screening 88.2 87.9 76.3


LDL control
(�100 mg/dL)


58.7 55.9 38.3


Hypertension


BP �140/90 mm Hg 62.2 57.7 53.4


Diabetes


HbA1c testing 88.1 88.1 77.3


HbA1c �9.0% 29.4 29.0 47.9


HbA1c �7.0% 42 46 30


Eye examination performed 55.1 62.7 49.9


LDL cholesterol screening 83.9 85.7 70.8


LDL cholesterol
�100 mg/dL


43.8 46.8 3.3


Monitoring for nephropathy 80.6 85.7 74.4


BP �130/80 mm Hg 32.1 31.7 29.5


BP �140/90 mm Hg 63.9 58.9 55.5


Medical assistance with
smoking cessation


75.8 75.4 69.5


*�-blocker persistence: Received persistent �-blocker treatment for 6
months after AMI hospital discharge.
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Table 18-6. Percent Distribution of Initial BP Measurements for Adults >18 Years of Age at Physician Office Visits Where BP Was
Taken, With Corresponding Standard Errors, by Selected Patient Characteristics: United States, 2006


Initial BP*


Percent Distribution Standard Error of Percent


Patient
Characteristics


No. of Visits
in Thousands Total Low Normal


Mildly
High


Moderately
High


Severely
High Low Normal


Mildly
High


Moderately
High


Severely
High


All visits† 476 335 100.0 4.5 23.4 46.0 19.8 6.3 0.3 0.8 0.8 0.7 0.4


Age, y


18–24 33 916 100.0 9.4 43.2 39.5 6.3 1.5‡ 1.5 2.4 2.4 0.9 0.6


25–44 127 926 100.0 6.3 33.6 43.5 12.4 4.1 0.6 1.3 1.2 0.9 0.5


45–64 167 378 100.0 2.4 20.3 48.2 22.3 6.9 0.3 1.0 1.2 1.1 0.5


65–74 71 316 100.0 3.8 13.3 48.5 26.6 7.7 0.6 1.0 1.6 1.4 0.8


�75 75 799 100.0 4.7 13.6 46.0 26.3 9.4 0.6 1.0 1.7 1.2 0.8


Sex


Female 297 728 100.0 5.5 27.0 44.2 17.8 5.4 0.4 1.0 0.8 0.8 0.4


Male 178 608 100.0 2.9 17.3 49.0 23.1 7.7 0.3 0.8 1.3 1.0 0.6


Race§


White 404 852 100.0 4.5 23.5 46.7 19.6 5.8 0.3 0.8 0.8 0.7 0.4


Black 47 367 100.0 4.8 21.3 42.5 22.3 9.1 1.1 1.6 1.8 1.6 1.2


Asian 18 455 100.0 4.8 26.5 40.3 18.7 9.7 1.4 2.6 2.7 2.7 1.9


Other 5662 100.0 4.2§ 23.9 45.5 17.8 8.6§ 1.9 5.0 5.5 3.3 3.3


Ethnicity


Hispanic or Latino 58 351 100.0 6.0 28.1 41.6 17.6 6.6 1.0 1.9 1.8 1.7 1.0


Not Hispanic or Latino 417 985 100.0 4.3 22.7 46.6 20.1 6.2 0.3 0.8 0.8 0.7 0.4


Numbers may not add to totals because of rounding.
*BP levels were categorized with the following hierarchical definitions. “Severely high” BP is defined as 160 mm Hg systolic or above, or 100 mm Hg diastolic or


above. “Moderately high” BP is defined as 140–150 mm Hg systolic or 90–99 mm Hg diastolic. “Mildly high” BP is defined as 120–139 mm Hg systolic or
80–89 mm Hg diastolic. “Low” BP is defined as less than 100 mm Hg systolic or less than 60 mm Hg diastolic. “Normal” BP is defined as 100–119 mm Hg systolic
and 60–79 mm Hg diastolic. BP classification was based on the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC-7).14 “Mildly high” BP corresponds to the JNC-7 prehypertensive range; “moderately high” BP corresponds to the JNC-7 stage 1
hypertensive range; and “severely high” BP corresponds to the JNC-7 stage 2 hypertensive range.


†Visits during which BP was taken represent 66.2% (SE�1.7) of all office visits made by adults (�18 years of age). In 25.8% (SE�1.6) of visits by children (0–17
years of age), a BP was recorded.


‡Figure does not meet standards of reliability or precision.
§Other race includes visits by Native Hawaiian or other Pacific Islander, American Indian or Alaska Native, and multiple races. All race categories include visits by


persons of Hispanic or non-Hispanic origin. Starting with data year 1999, race- and ethnicity-specific estimates have been tabulated according to 1997 Standards
for Federal Data on Race and Ethnicity and are not strictly comparable to estimates from earlier years. The percentage of visit records with multiple races indicated
is smaller and lower than in household surveys.
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Table 18-7. Quality of Care by Race/Ethnicity and Sex in the
GWTG-CAD Program


Quality-of-Care Measure White Black Hispanic Men Women


Aspirin at admission* 97.6 97.2 97.9 98.0 96.7


Aspirin at discharge* 94.8 92.9 90.8 95.3 92.6


�-Blocker at discharge* 95.1 95.2 92.0 92.0 95.4


ACE inhibitor at discharge 63.2 67.5 64.3 65.3 59.1


ACE inhibitor at discharge
for AMI patients


66.2 69.7 70.8 68.4 62.1


ACE inhibitor in LVSD
patients


83.5 84.8 81.5 84.5 80.4


ACE inhibitor/ARB for LVSD
patients at discharge*


92.7 93.7 90.1 92.2 92.8


Lipid therapy at discharge 84.2 78.0 71.9 85.0 78.7


Lipid therapy at discharge
if LDL �100 mg/dL*


92.5 91.7 84.7 93.5 88.3


Patients with last
BP �140/90 mm Hg


81.4 72.3 77.7 82.3 76.5


Smoking cessation
counseling*


98.4 98.4 98.3 98.6 98.1


Referral to cardiac
rehabilitation for AMI
patients


55.8 56.4 64.3 53.8 50.8


Composite quality-of-care
measure†


95.5 95.0 92.6 95.9 94.2


ACE indicates angiotensin-converting enzyme; LVSD, left ventricular systolic
dysfunction; and ARB, angiotensin receptor blocker.


Values are percentages.
*Indicates the 5 key achievement measures targeted in GWTG-CAD.
†The composite quality-of-care measure indicates performance with regard


to the provision of several elements of care. It is computed by summing the
numerators for each key performance measure across the population of
interest to create a composite numerator (all the care that was given), summing
the denominators for each measure to form a composite denominator (all the
care that should have been given), and reporting the ratio (the percentage of
all the needed care that was given).


Table 18-8. Quality of Care by Race/Ethnicity and Sex in the
GWTG-HF Program


Quality-of-Care Measure White Black Hispanic Men Women


Complete set of discharge
instructions*


88.1 90.3 90.2 89.1 85.4


Measure of LV function* 97.0 97.9 94.9 97.3 96.8


ACE or ARB at discharge for
patients with LVSD, no
contraindications*


90.5 92.9 92.4 91.4 91.2


Smoking cessation
counseling, current
smokers*


96.7 98.0 97.6 97.2 96.9


�-blockers at discharge for
patients with LVSD, no
contraindications*


93.3 92.7 90.1 93.3 92.6


Hydralazine/nitrates at
discharge for patients with
LVSD, no contraindications


NM 15.7 NM 17.7† 12.9†


Anticoagulation for atrial
fibrillation or atrial flutter,
no contraindications


60.5 58.8 57.4 61.3 52.3


Composite quality-of-care
measure


93.0 94.2 92.5 93.4 93.1


LV indicates left ventricular; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; LVSD, left ventricular systolic dysfunction; and
NM, not measured.


*Indicates the 5 key achievement measures targeted in GWTG-HF.
†For black patients only.
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19. Medical Procedures


See Tables 19-1 and 19-2 and Charts 19-1 through 19-3.


● From 1996 to 2006, the total number of inpatient cardio-
vascular operations and procedures increased 33%, from
5 444 000 to 7 235 000 annually (AHA computation based
on NCHS annual data). Data from the NHDS were exam-
ined for trends from 1990 to 2004 for use of PCI and
CABG and in-hospital mortality rate due to PCI and CABG
by sex.1


— Discharge rates (per 10 000 population) for PCI in-
creased 58%, from 37.2 in 1990–1992 to 59.2 in
2002–2004.


— Discharge rates for CABG increased from 34.1 in
1990–1992 to 38.6 in 1996–1998, then declined to 25.2
in 2002–2004.


— In 1990–1992, discharge rates for CABG were 53.5 for
males and 18.1 for females; these rates increased
through 1996–1998, then declined to 38.8 and 13.6,
respectively, in 2002–2004. The magnitude of these
declines decreased by age decile and were essentially
flat for both men and women �75 years of age.


— PCI discharge rates increased from 54.5 for males and
23.0 for females to 83.0 and 38.7 over the 15-year time
interval. In 2002–2004, discharge rates for males and
females 65 to 74 years of age were 135.1 and 64.0,
respectively. For those �75 years of age, the rates were
128.7 and 69.0, respectively.


— In-hospital mortality rate (deaths per 100 CABG dis-
charges) declined from 4.3 to 3.5 in 2002–2004, despite
an increase in Charlson comorbidity index. The mor-
tality rate declined in all age and sex subsets, but
especially in women.


— PCI mortality remained stable over the 15-year interval.


● Data from the Acute Care Tracker database were used to
estimate the population-based rates per 100 000 population


for PCI and CABG procedures from 2002–2005, standard-
ized to the 2005 US population2:


— Adjusted for age and sex, the overall rate for coronary
revascularization declined from 382 to 358 per
100 000. PCI rates during hospitalization increased
from 264 to 267 per 100 000, whereas CABG rates
declined from 121 to 94.


● Data from men and women enrolled in Medicare from 1992
to 2001 suggest that efforts to eliminate racial disparities in
the use of high-cost cardiovascular procedures (PCI,
CABG, and carotid endarterectomy) were unsuccessful.3


— In 1992, among women, the age-standardized rates of
carotid endarterectomy were 1.59 per 1000 enrollees
for whites and 0.64 per 1000 enrollees for blacks. By
2002, the rates were 2.42 per 1000 enrollees among
white women and 1.15 per 1000 enrollees among black
women. For men, the difference in rates between whites
and blacks remained the same. In 1992, the rates were
3.13 per 1000 enrollees among white men and 0.82 per
1000 enrollees among black men; in 2001, the rates
were 4.42 and 1.44, respectively.


Cardiac Catheterization and PCI


● From 1996 to 2006, the number of cardiac catheterizations
decreased slightly, from 1 161 000 to 1 115 000 annually.


● In 2006, an estimated 1 313 000 PCI (previously referred to
as percutaneous transluminal coronary angioplasty, or
PTCA) procedures were performed in the United States
(NHDS, NCHS).


● In 2006, approximately 65% of PCI procedures were
performed on men, and approximately 50% were per-
formed on people �65 years of age (NHDS, NCHS).


● The mortality rate for PCI has remained stable, despite an
increase in risk.1


● In 2006, approximately 76% of stents implanted during
PCI were drug-eluting, compared with 24% of bare-metal
stents.4


● In a study of nontransferred patients with STEMI treated
with primary PCI from July 2006 to March 2008, there was
significant improvement over time in the percent of pa-
tients receiving PCI within 90 minutes, from 54.1% from
July to September 2006 to 74.1% from January to March
2008 among hospitals participating in the GWTG-CAD
program. This improvement was seen whether or not
hospitals joined the D2B Alliance during that period. A
study of patients undergoing PCI at Emory University
Hospital from January 2001 to December 2004 found that
a baseline HDL cholesterol level �35 mg/dL was an
important prognostic indicator. Baseline HDL cholesterol
levels �33 mg/dL for men and �38 mg/dL for women
were associated with higher 1-year mortality after PCI.5,6


Cardiac Surgery
The NHDS (NCHS) estimates that in 2006, in the United
States, 253 000 patients underwent a total of 448 000 coro-


Abbreviations Used in Chapter 19


AHA American Heart Association


ICD-9-CM International Classification of Diseases, 9th Revision, Clinical
Modification


CABG coronary artery bypass graft


D2B door-to-balloon


GWTG-CAD Get With The Guidelines–Coronary Artery Disease


HDL high-density lipoprotein


NCHS National Center for Health Statistics


NHDS National Hospital Discharge Survey


NHLBI National Heart, Lung, and Blood Institute


PCI percutaneous coronary intervention


PTCA percutaneous transluminal coronary angioplasty


STEMI ST-elevation myocardial infarction


STS Society of Thoracic Surgeons


STS NCD Society of Thoracic Surgeons’ National Adult Cardiac Database


UNOS United Network for Organ Sharing
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nary artery bypass procedures (defined by procedure codes).
CABG volumes have declined nationally since 1998. Risk-
adjusted mortality for CABG has declined significantly over
the past decade:


● Data from the Society of Thoracic Surgeons’ National
Adult Cardiac Database (STS NCD), which voluntarily
collects data from �80% of all hospitals performing
CABG in the United States, indicate that a total of 176 138
procedures involved CABG in 2007.7


● Data from the STS NCD document a �50% decline in
risk-adjusted mortality rate, despite a significant increase in
preoperative surgical risk.8


Congenital Heart Surgery 2005–2008 (STS)
There were 87 271 procedures performed from January 2005
to December 2008. The in-hospital mortality rate was 3.8% in
2008. The 5 most common diagnoses were the following:
Patent ductus arteriosus (7.9%); hypoplastic left heart syn-
drome (6.8%); ventricular septal defect, type 2 (5.4%);
tetralogy of Fallot (5.3%); and cardiac, other (4.6%).9


Heart Transplantations
In 2008, 2163 heart transplantations were performed in the
United States. There are 251 transplant hospitals in the United
States, 126 of which perform heart transplantations (personal
communication with the United Network for Organ Sharing
[UNOS], June 19, 2009).


● Of the recipients, 72.4% are male, and 65.5% are white;
26.4% are �35 years of age, 19.4% are 35 to 49 years of
age, and 54.2% are �50 years of age.


● As of June 5, 2009, the 1-year survival rate for males was
88.0%, and for females, it was 86.2%; the 3-year rates were
79.3% for males and 77.2% for females; and the 5-year
rates were 73.1% for males and 69.0% for females.


● As of June 5, 2009, 2791 heart patients were on the
transplant waiting list.


Cardiovascular Healthcare Expenditures
An analysis of claims and enrollment data from the Continuous
Medicare History Sample and from physician claims from 1995


to 2004 was used to evaluate the conditions that contributed to
the most expensive 5% of Medicare beneficiaries.10


● Ischemic heart disease, congestive heart failure, and cere-
brovascular disease constituted 13.8%, 5.9%, and 5.7% of
the conditions of all beneficiaries in 2004. In patients in the
top 5% overall for all expenditures, the respective figures
were 39.1%, 32.7%, and 22.3% for these cardiovascular
conditions.
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Table 19-1. 2007 National Healthcare Cost and Utilization
Project Statistics: Mean Hospital Charges and In-Hospital Death
Rates for Various Procedures


Procedure
Mean Hospital


Charges, $
In-Hospital Death


Rate, %


Total vascular and cardiac surgery and
procedures


58 559 3.34


CABG 112 377 1.95


PCI 51 445 0.80


Diagnostic cardiac catheterization 31 181 0.79


Pacemaker 51 188 1.15


Implantable defibrillator 115 763 0.49


Endarterectomy 28 584 0.37


Valves 157 888 4.77


Source: Agency for Healthcare Research and Quality, Healthcare Cost and
Utilization Project.11


Table 19-2. Estimated* Inpatient Cardiovascular Operations, Procedures, and Patient Data by Sex, Age, and Region: United States,
2006 (in Thousands)


Operation/Procedure/
Patients ICD-9-CM Code(s)


Sex Age, y Region†


All Males Females �15 15–44 45–64 �65 Northeast Midwest South West


Valves 35.1, 35.2, 35.99 104 61 43 ‡ 8‡ 30 63 24 24 30 27


Angioplasty 36.0, 00.66 1314 855 459 ‡ 66 595 652 232 372 461 249


Total PCI§� 36.06, 36.07, 00.66 1313 854 459 ‡ 66 595 651 232 371 460 249


Patients 36.06, 36.07, 00.66 (any) 700 453 247 ‡ 35 317 348 122 207 241 129


PCI 0.66 661 429 232 ‡ 33 301 327 123 168 239 130


PCI w/stents 36.06, 36.07 652 425 227 ‡ 33 294 324 109 203 221 119


Cardiac revascularization
(bypass)#


36.1–36.3 448 323 125 ‡ 16 192 240 65 124 182 77


Cardiac revascularization
(bypass) (patients)


36.1–36.3 (any) 253 181 73 ‡ 8‡ 105 139 37 69 103 44


Cardiac catheterization 37.21–37.23 1115 666 450 12 87 487 529 201 258 458 199


Pacemakers 37.7, 37.8, 00.50, 00.53 418 198 219 � � � 9‡ 46 361 103 94 147 73


Pacemaker devices (37.8, 00.53) 195 92 103 � � � 4 19 171 49 44 67 35


Pacemaker leads (37.7, 00.50) 223 106 116 � � � 5 27 190 54 50 80 38


Implantable defibrillators 37.94–37.99, 00.51,
00.54


114 80 34 ‡ 11 36 68 24 28 40 23


Endarterectomy 38.12 99 55 44 � � � ‡ 22 77 13 25 44 18


Total vascular and cardiac
surgery and
procedures**††


35–39, 00.50–00.51,
00.53–00.55,
00.61–00.66


7235 4116 3119 210 734 2635 3658 1367 1620 2816 1432


Ellipses (. . .) indicate data not available.
These data do not reflect any procedures performed on an outpatient basis. Many more procedures are being performed on an outpatient basis. Some of the lower


numbers in the Table probably reflect this trend. Outpatient procedure data were not available in time to be included in this report.
*Breakdowns are not available for some procedures, so entries for some categories do not add to totals. These data include codes for which the estimated number of


procedures is fewer than 5000. Categories of such small numbers are considered unreliable by NCHS and in some cases may have been omitted.
†Regions: Northeast—Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, Vermont; Midwest—Illinois,


Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin; South—Alabama, Arkansas, Delaware, District of
Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia; and
West—Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, Wyoming.


‡Estimate should be used with caution because it may be unreliable or does not meet standards of reliability or precision.
§Data are for procedures with a PCI listed anywhere on the medical record. Procedures with a PCI listed were counted twice if they also had a code for insertion


of stent: code 36.06, “insertion of non–drug-eluting stents,” and 36.07, “insertion of drug-eluting stents.”
�Ninety-one percent of discharges with PCI were reported to have a stent inserted (personal communication with NCHS, June 15, 2007).
#Because 1 or more procedure codes are required to describe the specific bypass procedure performed, it is impossible from these (mixed) data to determine the


average number of grafts per patient.
**Totals include procedures not shown here.
††This estimate includes angioplasty and stent insertions for noncoronary arteries.
Source: NHDS, NCHS, 2006. Estimates are based on a sample of inpatient records from short-stay hospitals in the United States.
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Chart 19-1. Trends in heart transplantations (UNOS: 1975–2008). Source: UNOS, scientific registry data.
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Chart 19-2. Trends in cardiovascular inpatient operations and procedures (United States: 1979–2006). Source: NHDS, NCHS, and
NHLBI. Note: In-hospital procedures only.


Chart 19-3. Number of surgical procedures in the 10 leading diagnostic groups (United States: 2006). Source: NHDS/NCHS and NHLBI.
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20. Economic Cost of
Cardiovascular Diseases


See Table 20-1 and Charts 20-1 and 20-2.1–5


The total direct and indirect cost of CVD and stroke in the
United States for 2010 is estimated at $503.2 billion. This
figure includes health expenditures (direct costs, which in-
clude the cost of physicians and other professionals, hospital
and nursing home services, prescribed medications, home
health care, and other medical durables) and lost productivity
resulting from morbidity and mortality (indirect costs). Total
hospital costs (inpatients, outpatients, and ED patients) proj-
ected for the year 2010 are estimated to be $155.7 billion. By
comparison, in 2008, the estimated cost of all cancer and
benign neoplasms was $228 billion ($93 billion in direct
costs, $19 billion in morbidity indirect costs, and $116 billion


in mortality indirect costs). CVD costs more than any other
diagnostic group (unpublished data, D.P. Rice, W. Max, M.
Michel, and H.-Y. Sung, Institute for Health and Aging,
University of California, San Francisco, 2009). All estimates
for a given disease are limited to that disease as the primary
diagnosis.
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Table 20-1. Estimated Direct and Indirect Costs (in Billions of Dollars) of CVD and Stroke:
United States: 20101–5


Heart Diseases* CHD Stroke Hypertensive Disease HF Total CVD†


Direct costs
Hospital $110.2 $56.6 $21.0 $8.5 $20.9 $155.7
Nursing home $24.7 $13.0 $17.1 $5.1 $4.7 $50.8
Physicians/other professionals $24.7 $13.9 $3.8 $13.9 $2.5 $48.1
Drugs/other


Medical durables $21.5 $10.0 $1.3 $24.7 $3.2 $50.7
Home health care $8.3 $2.5 $5.0 $2.7 $3.8 $18.8


Total expenditures† $189.4 $96.0 $48.2 $54.9 $35.1 $324.1
Indirect costs


Lost productivity/morbidity $25.6 $11.3 $7.5 $9.0 � � � $41.7
Lost productivity/mortality‡ $101.4 $69.8 $18.0 $12.7 $4.1 $137.4


Grand totals† $316.4 $177.1 $73.7 $76.6 $39.2 $503.2


Ellipses (. . .) indicate data not available.
All estimates prepared by Thomas Thom, NHLBI.
*This category includes CHD, HF, part of hypertensive disease, cardiac dysrhythmias, rheumatic heart disease,


cardiomyopathy, pulmonary heart disease, and other or ill-defined “heart” diseases.
†Totals do not add up because of rounding and overlap.
‡Lost future earnings of persons who will die in 2010, discounted at 3%.


Abbreviations Used in Chapter 20


CHD coronary heart disease


CVD cardiovascular disease


ED emergency department


HF heart failure


NHLBI National Heart, Lung, and Blood Institute
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Chart 20-1. Estimated direct and indirect costs (in billions of dollars) of major CVDs and stroke (United States: 2010). Source:
Personal communication, Thomas Thom, NHLBI.
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Source: NHLBI.
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21. At-a-Glance Summary Tables


See Tables 21-1 through 21-4.1–6
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Table 21-1. Males and CVD: At-a-Glance Table


Diseases and Risk Factors Both Sexes Total Males White Males Black Males Mexican American Males


Total CVD


Prevalence, 2006* 81.1 M (36.9%) 39.0 M (37.9%) 38.1% 44.6% 28.5%


Mortality, 2006† 831.3 K 398.6 K 340.6 K 48.0 K N/A


CHD


Prevalence, CHD, 2006* 17.6 M (7.9%) 9.2 M (9.1%) 9.4% 7.8% 5.3%


Prevalence, MI, 2006* 8.5 M (3.6%) 5.0 M (4.7%) 5.1% 3.6% 2.6%


Prevalence, AP, 2006* 10.2 M (4.6%) 4.7 M (4.6%) 4.7% 4.0% 2.9%


New and recurrent CHD‡§ 1.26 M 740.0 K 675.0 K 70.0 K N/A


New and recurrent MI§ 935.0 K 565.0 K N/A N/A N/A


Incidence AP (stable angina)� 500.0 K 320.0 K N/A N/A N/A


Mortality, 2006 CHD† 425.4 K 224.5 K 196.4 K 22.7 K N/A


Mortality, 2006 MI† 141.5 K 76.1 K 66.9 K 7.4 K N/A


Stroke


Prevalence, 2006* 6.4 M (2.9%) 2.5 M (2.5%) 2.3% 3.8% 2.8%


New and recurrent strokes† 795.0 K 370.0 K 325.0 K 45.0 K N/A


Mortality, 2006† 137.1 K 54.5 K 45.2 K 7.4 K N/A


HBP


Prevalence, 2006* 74.5 M (33.6%) 35.7 M (34.4%) 34.3% 43.0% 25.9%


Mortality, 2006† 56.6 K 24.4 K 17.6 K 6.1 K N/A


HF


Prevalence, 2006* 5.8 M (2.6%) 3.1 M (3.1%) 3.2% 3.0% 1.7%


Mortality, 2006†¶ 282.8 K 123.6 K 110.3 K 10.9 K N/A


Smoking


Prevalence, 2008# 46.0 M (20.6%) 24.8 M (23.1%) 23.5% 25.6% N/A


Blood cholesterol


Prevalence, 2006


Total cholesterol �200 mg/dL* 102.2 M (46.8%) 47.7 M (45.2%) 45.0% 40.2% 51.1%


Total cholesterol �240 mg/dL* 35.7 M (16.2%) 15.9 M (15.0%) 15.3% 10.9% 16.8%


LDL cholesterol �130 mg/dL* 71.2 M (32.6%) 34.9 M (33.1%) 31.5% 34.4% 42.7%


HDL cholesterol �40 mg/dL* 35.1 M (16.2%) 26.4 M (25.0%) 25.4% 14.7% 29.3%


PA**


Prevalence, 2008# 32.5% 34.8% N/A N/A N/A


Overweight and obesity


Prevalence, 2006


Overweight and obesity, BMI �25.0 kg/m2* 144.1 M (66.3%) 75.5 M (71.7%) 71.4% 71.4% 75.1%


Obesity, BMI �30.0 kg/m2* 71.6 M (32.9%) 33.6 M (31.8%) 31.6% 35.2% 29.1%


Diabetes mellitus


Prevalence, 2006


Physician-diagnosed diabetes* 17.2 M (7.7%) 7.9 M (7.6%) 6.4% 12.8% 11.8%


Undiagnosed diabetes* 6.1 M (2.8%) 3.8 M (3.8%) 3.7% 3.8% 3.2%


Prediabetes* 63.2 M (29.0%) 37.5 M (35.9%) 35.9% 26.4% 33.3%


Incidence, diagnosed diabetes* 1.6 M N/A N/A N/A N/A


Mortality, 2006† 72.4 K 36.0 K 29.1 K 5.8 K N/A


CVD indicates cardiovascular disease; M, millions; K, thousands; N/A, data not available; CHD, coronary heart disease (includes heart attack, angina pectoris 	chest
pain
 or both); MI, myocardial infarction (heart attack); AP, angina pectoris (chest pain); HBP, high blood pressure; HF, heart failure; mg/dL, milligrams per deciliter;
LDL, low-density lipoprotein; HDL, high-density lipoprotein; PA, physical activity; BMI, body mass index; and kg/m2, kilograms per meter squared.


*Age �20 years.
†All ages.
‡New and recurrent MI and fatal CHD.
§Age �35 years.
�Age �45 years.
¶Any mentions.
#Age �18 years.
**Regular leisure-time PA.
††Hispanic.
Sources: See summary tables for each chapter in this update. For data on men in other ethnic groups, see other chapters and Statistical Fact Sheets.1
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Table 21-2. Females and CVD: At-a-Glance Table


Diseases and Risk Factors Both Sexes Total Females White Females Black Females Mexican American Females


Total CVD


Prevalence, 2006* 81.1 M (36.9%) 42.1 M (35.7%) 34.4% 46.9% 34.5%


Mortality, 2006† 831.3 K 432.7 K 372.8 K 50.8 K N/A


CHD


Prevalence, CHD, 2006* 17.6 M (7.9%) 8.4 M (7.0%) 6.9% 8.8% 6.6%


Prevalence, MI, 2006* 8.5 M (3.6%) 3.5 M (2.6%) 2.6% 2.9% 2.0%


Prevalence, AP, 2006* 10.2 M (4.6%) 5.5 M (4.6%) 4.5% 5.4% 4.8%


New and recurrent CHD‡§ 1.26 M 515.0 K 445.0 K 65.0 K N/A


New and recurrent MI§ 935.0 K 370.0 K N/A N/A N/A


Incidence AP (stable angina)� 500.0 K 180.0 K N/A N/A N/A


Mortality, 2006 CHD† 425.4 K 200.9 K 175.0 K 21.8 K N/A


Mortality, 2006 MI† 141.5 K 65.4 K 56.6 K 7.4 K N/A


Stroke


Prevalence, 2006* 6.4 M (2.9%) 3.9 M (3.2%) 3.1% 4.3% 3.1%


New and recurrent strokes† 795.0 K 425.0 K 365.0 K 60.0 K N/A


Mortality, 2006† 137.1 K 82.6 K 70.7 K 9.6 K N/A


HBP


Prevalence, 2006* 74.5 M (33.6%) 38.8 M (32.6%) 31.1% 44.8% 31.6%


Mortality, 2006† 56.6 K 32.2 K 24.9 K 6.5 K N/A


HF


Prevalence, 2006* 5.8 M (2.6%) 2.7 M (2.1%) 2.1% 3.6% 1.8%


Mortality, 2006†¶ 282.8 K 159.2 K 142.4 K 14.2 K N/A


Smoking


Prevalence, 2008# 46.0 M (20.6%) 21.1 M (18.3%) 20.6% 17.8% N/A


Blood cholesterol


Prevalence, 2006


Total cholesterol �200 mg/dL* 102.2 M (46.8%) 54.5 M (47.9%) 48.7% 41.8% 49.0%


Total cholesterol �240 mg/dL* 35.7 M (16.2%) 19.7 M (17.2%) 18.1% 13.1% 14.3%


LDL cholesterol �130 mg/dL* 71.2 M (32.6%) 36.3 M (32.0%) 33.8% 28.6% 30.4%


HDL cholesterol �40 mg/dL* 35.1 M (16.2%) 8.7 M (7.9%) 7.9% 6.5% 11.7%


PA**


Prevalence, 2008# 32.5% 30.6% N/A N/A N/A


Overweight and obesity


Prevalence, 2006


Overweight and obesity, BMI �25.0 kg/m2* 144.1 M (66.3%) 68.6 M (61.0%) 57.5% 79.6% 74.1%


Obesity, BMI �30.0 kg/m2* 71.6 M (32.9%) 38.0 M (34.0%) 31.3% 53.2% 41.8%


Diabetes mellitus


Prevalence, 2006


Physician-diagnosed diabetes* 17.2 M (7.7%) 9.3 M (7.9%) 6.4% 13.0% 13.1%


Undiagnosed diabetes* 6.1 M (2.8%) 2.3 M (1.9%) 1.8% 2.3% 3.8%


Prediabetes* 63.2 M (29.0%) 25.7 M (22.2%) 21.7% 22.3% 26.6%


Incidence, diagnosed diabetes* 1.6 M N/A N/A N/A N/A


Mortality, 2006† 72.4 K 36.4 K 28.1 K 7.0 K N/A


Abbreviations as in Table 21-1.
*Age �20 years.
†All ages.
‡New and recurrent MI and fatal CHD.
§Age �35 years.
�Age �45 years.
¶Any mentions.
#Age �18 years.
**Regular leisure-time PA.
††Hispanic.
Sources: See summary tables for each chapter in this update. For data on women in other ethnic groups, see other chapters and Statistical Fact Sheets.2
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Table 21-3. Ethnic Groups and CVD: At-a-Glance Table


Whites Blacks
Mexican


Americans
Hispanics/


Latinos Asians


American
Indians/Alaska


Natives


Diseases and Risk Factors Both Sexes Males Females Males Females Males Females Males Females Both Sexes Both Sexes


Total CVD


Prevalence, 2006* 81.1 M (36.9%) 38.1% 34.4% 44.6% 46.9% 28.5% 34.5% N/A N/A N/A N/A


Mortality, 2006† 831.3 K 340.6 K 372.8 K 48.0 K 50.8 K N/A N/A N/A N/A N/A N/A


CHD


Prevalence, CHD, 2006* 17.6 M (7.9%) 9.4% 6.9% 7.8% 8.8% 5.3% 6.6% 5.7%�†† 2.9�†† 6.6�††


Prevalence, MI, 2006* 8.5 M (3.6%) 5.1% 2.6% 3.6% 2.9% 2.6% 2.0% N/A N/A N/A N/A


Prevalence, AP, 2006* 10.2 M (4.6%) 4.7% 4.5% 4.0% 5.4% 2.9% 4.8% N/A N/A N/A N/A


New and recurrent CHD‡§ 1.26 M 675.0 K 445.0 K 70.0 K 65.0 K N/A N/A N/A N/A N/A N/A


Mortality, CHD, 2006† 425.4 K 196.4 K 175.0 K 22.7 K 21.8 K N/A N/A N/A N/A N/A N/A


Mortality, MI, 2006† 141.5 K 66.9 K 56.6 K 7.4 K 7.4 K N/A N/A N/A N/A N/A N/A


Stroke


Prevalence, 2006* 6.4 M (2.9%) 2.3% 3.1% 3.8% 4.3% 2.8% 3.1% 2.6�†† 1.8%�†† 3.9%�††


New and recurrent strokes† 795.0 K 325.0 K 365.0 K 45.0 K 60.0 K N/A N/A N/A N/A N/A N/A


Mortality, 2006† 137.1 K 45.2 K 70.7 K 7.4 K 9.6 K N/A N/A N/A N/A N/A N/A


HBP


Prevalence, 2006* 74.5 M (33.6%) 34.3% 31.1% 43.0% 44.8% 25.9% 31.6% 21.0%�†† 21.0%�†† 25.3%�††


Mortality, 2006† 56.6 K 17.6 K 24.9 K 6.1 K 6.5 K N/A N/A N/A N/A N/A N/A


HF


Prevalence, 2006* 5.8 M (2.6%) 3.2% 2.1% 3.0% 3.6% 1.7% 1.8% N/A N/A N/A N/A


Mortality, 2006†¶ 282.8 K 110.3 K 142.4 K 10.9 K 14.2 K N/A N/A N/A N/A N/A N/A


Smoking


Prevalence, 2008� 46.0 M (20.6%) 23.5% 20.6% 25.6% 17.8% 14.9% 20.7% 10.7% 9.9% 24.3%


Blood cholesterol


Prevalence, 2006


Total cholesterol 200 �mg/dL* 102.2 M (46.8%) 45.0% 48.7% 40.2% 41.8% 51.1% 49.0% N/A N/A N/A N/A


Total cholesterol �240 Mg/dL* 35.7 M (16.2%) 15.3% 18.1% 10.9% 13.1% 16.8% 14.3% 29.9%# 29.2 31.2


LDL cholesterol �130 Mg/dL* 71.2 M (32.6%) 31.5% 33.8% 34.4% 28.6% 42.7% 30.4% N/A N/A N/A N/A


HDL cholesterol �40 Mg/dL* 35.1 M (16.2%) 25.4% 7.9% 14.7% 6.5% 29.3% 11.7% N/A N/A N/A N/A


PA**


Prevalence, 2008� 32.5% 35.9% 24.8% N/A N/A 25.2% N/A N/A


Overweight and obesity


Prevalence 2006


Overweight and obesity,
BMI �25.0 kg/m2*


144.1 M (66.3%) 71.4% 57.5% 71.4% 79.6% 75.1% 74.1% 70.3%�†† 40.7%�†† 69.6%�††


Obesity, BMI �30.0 kg/m2* 71.6 M (32.9%) 31.6% 31.3% 35.2% 53.2% 29.1% 41.8% 31.3%�†† 9.4%�†† 42.1%�††


Diabetes Mellitus


Prevalence, 2006


Physician-diagnosed diabetes* 17.2 M (7.7%) 6.4% 6.4% 12.8% 13.0% 11.8% 13.1% 11.0%�†† 8.0%�†† 15.0%�††


Undiagnosed diabetes* 6.1 M (2.8%) 3.7% 1.8% 3.8% 2.3% 3.2% 3.8% N/A N/A N/A N/A


Prediabetes* 63.2 M (29.0%) 35.9% 21.7% 26.4% 22.3% 33.3% 26.6% N/A N/A N/A N/A


Incidence, diagnosed diabetes* 1.6 M N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A


Mortality, 2006† 72.4 K 29.1 K 28.1 K 5.8 K 7.0 K N/A N/A N/A N/A N/A N/A


Abbreviations as in Table 21-1.
*Age �20 years.
†All ages.
‡New and recurrent MI and fatal CHD.
§Age �35 years.
�Age �18 years.
¶Any mention.
#Behavioral Risk Factor Surveillance System.3


**Regular leisure-time PA.
††2008, NHIS
Sources: See summary tables for each chapter in this update. For data on other ethnic groups, see other chapters and Statistical Fact Sheets.4
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Table 21-4. Children, Youth, and CVD: At-a-Glance Table


Diseases and Risk Factors Both Sexes Total Males Total Females


Whites Blacks
Mexican


Americans


Males Females Males Females Males Females


Congenital cardiovascular defects


Mortality, 2006* 3.5 K 2.0 K 1.6 K 1.5 K 1.2 K 0.4 K 0.3 K N/A N/A


Mortality, 2006 (age �15 y) 1.9 K 1.1 K 0.9 K 0.8 K 0.6 K 0.2 K 0.2 K N/A N/A


Smoking


High school students, grades 9 to 12


Current cigarette smoking, 2007 20.0% 21.3% 18.7% 23.8% 22.5% 14.9% 8.4% 18.7%† 14.6%†


Current cigar smoking, 2007 13.6% 19.4% 7.6% 22.0% 7.4% 13.2% 6.7% 16.3%† 9.0%†


Smokeless tobacco use, 2007 7.9% 13.4% 2.3% 18.0% 2.5% 2.0% 0.5% 6.7%† 2.7%†


Blood cholesterol


Mean total cholesterol, mg/dL


Ages 4 to 11 y 165.1 164.6 165.6 165.2 166.1 165.6 164.9 161.7 163.1


Ages 12 to 19 y 161.1 157.5 164.8 155.8 166.3 161.3 162.9 158.9 162.3


Mean HDL cholesterol, mg/dL


Ages 4 to 11 y 55.7 56.7 54.7 55.9 54.0 60.9 58.0 54.5 52.9


Ages 12 to 19 y 52.4 49.4 55.6 47.6 55.2 54.8 57.7 49.6 53.8


Mean LDL cholesterol, mg/dL


Ages 12 to 19 y 89.2 87.5 90.9 87.1 91.5 89.0 91.5 88.7 91.6


PA‡


Prevalence, grades 9 to 12, 2007§


Met currently recommended
levels of PA


34.7% 43.7% 25.6% 46.1% 27.9% 41.3% 21.0% 38.6%† 21.9%†


Overweight and obesity


Prevalence, 2006


Children and adolescents, ages
2 to 19 y (overweight or obese)


23.5 M (31.9%) 12.3 M (32.7%) 11.2 M (31.0%) 31.9% 29.5% 30.8% 39.2% 40.8% 35.0%


Students in grades 9 to 12§
(overweight only)


15.8% 15.1% 9.6% 15.7% 12.8% 16.6% 21.4% 18.3%† 17.9%†


CVD indicates cardiovascular disease; K, thousands; N/A, data not available; mg/dL, milligrams per deciliter; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; PA, physical activity; and M, millions. Overweight indicates a body mass index in the 95th percentile of the Centers for Disease Control and Prevention
2000 growth chart.


*All ages.
†Hispanic.
‡Regular leisure-time PA.
§Centers for Disease Control and Prevention.5


Sources: See summary tables for related chapters in this update. For more data on congenital defects, see Chapter 7, and our Statistical Fact Sheets.6
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22. Glossary
● Age-adjusted rates—Used mainly to compare the rates


of �2 communities or population groups or the nation as
a whole over time. The American Heart Association
(AHA) uses a standard population (2000), so these rates
are not affected by changes or differences in the age
composition of the population. Unless otherwise noted,
all death rates in this publication are age adjusted per
100 000 population and are based on underlying cause of
death.


● Agency for Healthcare Research and Quality (AHRQ)—A
part of the US Department of Health and Human
Services, this is the lead agency charged with supporting
research designed to improve the quality of health care,
reduce the cost of health care, improve patient safety,
decrease the number of medical errors, and broaden
access to essential services. AHRQ sponsors and con-
ducts research that provides evidence-based information
on healthcare outcomes, quality, cost, use, and access.
The information helps healthcare decision makers (pa-
tients, clinicians, health system leaders, and policy
makers) make more informed decisions and improve the
quality of healthcare services.


● Bacterial endocarditis—An infection of the heart’s inner
lining (endocardium) or of the heart valves. The bacteria
that most often cause endocarditis are streptococci, staph-
ylococci, and enterococci.


● Body mass index (BMI)—A mathematical formula to
assess body weight relative to height. The measure
correlates highly with body fat. It is calculated as weight
in kilograms divided by the square of the height in
meters (kg/m2).


● Centers for Disease Control and Prevention/National
Center for Health Statistics (CDC/NCHS)—An agency
within the US Department of Health and Human Ser-
vices. The CDC conducts the Behavioral Risk Factor
Surveillance System (BRFSS), an ongoing study. The
NCHS also conducts or has conducted these studies
(among others):


— National Health Examination Survey (NHES I, 1960
to 1962; NHES II, 1963 to 1965; NHES III, 1966 to
1970)


— National Health and Nutrition Examination Survey I
(NHANES I, 1971 to 1974)


— National Health and Nutrition Examination Survey II
(NHANES II, 1976 to 1980)


— National Health and Nutrition Examination Survey III
(NHANES III, 1988 to 1994)


— National Health and Nutrition Examination Survey
(NHANES, 1999 to . . .) (ongoing)


— National Health Interview Survey (NHIS) (ongoing)
— National Home and Hospice Care Survey


(ongoing)
— National Hospital Discharge Survey (NHDS)


(ongoing)
— National Nursing Home Survey (periodic)


● Centers for Medicare and Medicaid Services (CMS),
formerly Health Care Financing Administration (HCFA)
—The federal agency that administers the Medicare,
Medicaid, and Child Health Insurance programs.


● Comparability ratio—Provided by the NCHS to allow
time-trend analysis from one ICD revision to another. It
compensates for the “shifting” of deaths from one causal
code number to another. Its application to mortality based
on one ICD revision means that mortality is “comparability
modified” to be more comparable to mortality coded to the
other ICD revision.


● Coronary heart disease (CHD) (ICD-10 codes I20–I25)—
This category includes acute myocardial infarction (I21–
I22), other acute ischemic (coronary) heart disease (I24),
angina pectoris (I20), atherosclerotic cardiovascular dis-
ease (I25.0), and all other forms of chronic ischemic
coronary heart disease (I25.1–I25.9).


● Death rate—The relative frequency with which death
occurs within some specified interval of time in a
population. National death rates are computed per
100 000 population. Dividing the total number of deaths
by the total population gives a crude death rate for the
total population. Rates calculated within specific sub-
groups, such as age-specific or sex-specific rates, are
often more meaningful and informative. They allow
well-defined subgroups of the total population to be
examined. Unless otherwise stated, all death rates in this
publication are age adjusted and are per 100 000
population.


● Diseases of the circulatory system (ICD codes I00–I99)—
Included as part of what the AHA calls “cardiovascular
disease.” (See “Total cardiovascular disease” in this
Glossary.)


● Diseases of the heart—Classification the NCHS uses in
compiling the leading causes of death. Includes acute
rheumatic fever/chronic rheumatic heart diseases (I00–
I09), hypertensive heart disease (I11), hypertensive heart
and renal disease (I13), coronary heart disease (I20–I25),
pulmonary heart disease and diseases of pulmonary circu-
lation (I26–I28), heart failure (I50), and other forms of
heart disease (I29–I49, I50.1–I51). “Diseases of the heart”
are not equivalent to “total cardiovascular disease,” which
the AHA prefers to use to describe the leading causes of
death.


● Health Care Financing Administration (HCFA)—See Cen-
ters for Medicare and Medicaid Services (CMS).


● Hispanic origin—In US government statistics, “His-
panic” includes persons who trace their ancestry to
Mexico, Puerto Rico, Cuba, Spain, the Spanish-speaking
countries of Central or South America, the Dominican
Republic, or other Spanish cultures, regardless of race. It
does not include people from Brazil, Guyana, Suriname,
Trinidad, Belize, or Portugal, because Spanish is not the
first language in those countries. Most of the data in this
update are for Mexican Americans or Mexicans, as
reported by government agencies or specific studies. In
many cases, data for all Hispanics are more difficult to
obtain.
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● Hospital discharges—The number of inpatients discharged
from short-stay hospitals for whom some type of disease
was the first-listed diagnosis. Discharges include those
discharged alive, dead, or “status unknown.”


● International Classification of Diseases (ICD) codes—A
classification system in standard use in the United
States. The International Classification of Diseases is
published by the World Health Organization. This sys-
tem is reviewed and revised approximately every 10 to
20 years to ensure its continued flexibility and feasibil-
ity. The 10th revision (ICD-10) began with the release of
1999 final mortality data. The ICD revisions can cause
considerable change in the number of deaths reported for
a given disease. The NCHS provides “comparability
ratios” to compensate for the “shifting” of deaths from
one ICD code to another. To compare the number or rate
of deaths with that of an earlier year, the “comparability-
modified” number or rate is used.


● Incidence—An estimate of the number of new cases of a
disease that develop in a population, usually in a 1-year
period. For some statistics, new and recurrent attacks, or
cases, are combined. The incidence of a specific disease
is estimated by multiplying the incidence rates reported
in community- or hospital-based studies by the US
population. The rates in this report change only when
new data are available; they are not computed annually.


● Major cardiovascular diseases—Disease classification
commonly reported by the NCHS; represents ICD codes
I00–I78. The AHA does not use “major cardiovascular
diseases” for any calculations. See “Total cardiovascular
disease” in this Glossary.


● Metabolic syndrome—The metabolic syndrome is defined*
as the presence of any 3 of the following 5 diagnostic
measures: Elevated waist circumference (�102 cm in
men or �88 cm in women), elevated triglycerides (�150
mg/dL [1.7 mmol/L] or drug treatment for elevated
triglycerides), reduced HDL (high-density lipoprotein)
cholesterol (�40 mg/dL [0.9 mmol/L] in men, �50
mg/dL [1.1 mmol/L] in women, or drug treatment for
reduced HDL cholesterol), elevated blood pressure
(�130 mm Hg systolic blood pressure, �85 mm Hg
diastolic blood pressure, or drug treatment for hyperten-
sion), and elevated fasting glucose (�100 mg/dL or drug
treatment for elevated glucose).


● Morbidity—Incidence and prevalence rates are both mea-
sures of morbidity, ie, measures of various effects of
disease on a population.


● Mortality—Mortality data for states can be obtained
from the NCHS World Wide Web site (http://cdc.gov/
nchs/), by direct communication with the CDC/NCHS,
or from the AHA’s National Center Biostatistics Pro-
gram Coordinator on request. The total number of deaths
due to a given disease in a population during a specific
interval of time, usually a year, are reported. These data
are compiled from death certificates and sent by state


health agencies to the NCHS. The process of verifying
and tabulating the data takes approximately 2 years.


● National Heart, Lung, and Blood Institute (NHLBI)—An
institute in the National Institutes of Health in the US
Department of Health and Human Services. The NHLBI
conducts such studies as the following:


— Framingham Heart Study (FHS) (1948 to . . .)
(ongoing)


— Honolulu Heart Program (HHP) (1965 to 1997)
— Cardiovascular Health Study (CHS) (1988 to . . .)


(ongoing)
— Atherosclerosis Risk in Communities (ARIC) study


(1985 to . . .) (ongoing)
— Strong Heart Study (SHS) (1989 to 1992; 1991 to


1998)
— The NHLBI also published reports of the Joint


National Committee on Prevention, Detection, Eval-
uation, and Treatment of High Blood Pressure and
the Third Report of the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholester-
ol in Adults (Adult Treatment Panel III, or ATP III).


● National Institute of Neurological Disorders and Stroke
(NINDS)—An institute in the National Institutes of Health
of the US Department of Health and Human Services. The
NINDS sponsors and conducts research studies such as
these:


— Greater Cincinnati/Northern Kentucky Stroke Study
(GCNKSS)


— Rochester (Minnesota) Stroke Epidemiology Project
— Northern Manhattan Study (NOMAS)
— Brain Attack Surveillance in Corpus Christi (BASIC)


Project


● Prevalence—An estimate of the total number of cases of a
disease existing in a population during a specified period.
Prevalence is sometimes expressed as a percentage of
population. Rates for specific diseases are calculated from
periodic health examination surveys that government agen-
cies conduct. Annual changes in prevalence as reported in
this statistical update reflect changes in the population size.
Changes in rates can be evaluated only by comparing
prevalence rates estimated from surveys conducted in
different years.


Note
In the data tables, which are located in the different disease
and risk factor categories, if the percentages shown are age
adjusted, they will not add to the total.


● Race and Hispanic origin—Race and Hispanic origin are
reported separately on death certificates. In this publi-
cation, unless otherwise specified, deaths of persons of
Hispanic origin are included in the totals for whites,
blacks, American Indians or Alaska Natives, and Asian
or Pacific Islanders according to the race listed on the
decedent’s death certificate. Data for Hispanic persons


*According to criteria established by the American Heart Association/National Heart,
Lung, and Blood Institute and published in Circulation (Circulation. 2005;112:2735–
2752).
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include all persons of Hispanic origin of any race. See
“Hispanic origin” in this Glossary.


● Stroke (ICD-10 codes I60–I69)—This category includes
subarachnoid hemorrhage (I60); intracerebral hemorrhage
(I61); other nontraumatic intracranial hemorrhage (I62);
cerebral infarction (I63); stroke, not specified as hemor-
rhage or infarction (I64); occlusion and stenosis of prece-
rebral arteries not resulting in cerebral infarction (I65);
occlusion and stenosis of cerebral arteries not resulting in
cerebral infarction (I66); other cerebrovascular diseases
(I67); cerebrovascular disorders in diseases classified
elsewhere (I68); and sequelae of cerebrovascular disease
(I69).


● Total cardiovascular disease (ICD-10 codes I00–I99, Q20–
Q28)—This category includes rheumatic fever/rheumatic
heart disease (I00–I09); hypertensive diseases (I10–I15);
ischemic (coronary) heart disease (I20–I25); pulmonary heart


disease and diseases of pulmonary circulation (I26–I28);
other forms of heart disease (I30–I52); cerebrovascular dis-
ease (stroke) (I60–I69); atherosclerosis (I70); other diseases
of arteries, arterioles, and capillaries (I71–I79); diseases of
veins, lymphatics, and lymph nodes not classified elsewhere
(I80–I89); and other and unspecified disorders of the circula-
tory system (I95–I99). When data are available, we include
congenital cardiovascular defects (Q20–Q28).


● Underlying cause of death or contributing cause of
death—These terms are used by the NCHS when defin-
ing mortality. Underlying cause of death is defined by
the World Health Organization as “the disease or injury
which initiated the train of events leading directly to
death, or the circumstances of the accident or violence
which produced the fatal injury.” Contributing cause of
death would be any other disease or condition that the
decedent may also have had.
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Baseline Risk of Major Bleeding in Non–ST-Segment–
Elevation Myocardial Infarction


The CRUSADE (Can Rapid risk stratification of Unstable angina patients
Suppress ADverse outcomes with Early implementation of the


ACC/AHA guidelines) Bleeding Score


Sumeet Subherwal, MD; Richard G. Bach, MD; Anita Y. Chen, MS; Brian F. Gage, MD, MSc;
Sunil V. Rao, MD; L. Kristin Newby, MD, MHS; Tracy Y. Wang, MD, MS; W. Brian Gibler, MD;


E. Magnus Ohman, MD; Matthew T. Roe, MD, MHS; Charles V. Pollack, Jr, MD, MA;
Eric D. Peterson, MD, MPH; Karen P. Alexander, MD


Background—Treatments for non–ST-segment–elevation myocardial infarction (NSTEMI) reduce ischemic events but
increase bleeding. Baseline prediction of bleeding risk can complement ischemic risk prediction for optimization of
NSTEMI care; however, existing models are not well suited for this purpose.


Methods and Results—We developed (n�71 277) and validated (n�17 857) a model that identifies 8 independent baseline
predictors of in-hospital major bleeding among community-treated NSTEMI patients enrolled in the Can Rapid risk
stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA
guidelines (CRUSADE) Quality Improvement Initiative. Model performance was tested by c statistics in the derivation
and validation cohorts and according to postadmission treatment (ie, invasive and antithrombotic therapy). The
CRUSADE bleeding score (range 1 to 100 points) was created by assignment of weighted integers that corresponded
to the coefficient of each variable. The rate of major bleeding increased by bleeding risk score quintiles: 3.1% for those
at very low risk (score �20); 5.5% for those at low risk (score 21–30); 8.6% for those at moderate risk (score 31–40);
11.9% for those at high risk (score 41–50); and 19.5% for those at very high risk (score �50; Ptrend �0.001). The c
statistics for the major bleeding model (derivation�0.72 and validation�0.71) and risk score (derivation�0.71 and
validation�0.70) were similar. The c statistics for the model among treatment subgroups were as follows: �2
antithrombotics�0.72; �2 antithrombotics�0.73; invasive approach�0.73; conservative approach�0.68.


Conclusions—The CRUSADE bleeding score quantifies risk for in-hospital major bleeding across all postadmission
treatments, which enhances baseline risk assessment for NSTEMI care. (Circulation. 2009;119:1873-1882.)


Key Words: myocardial infarction � bleeding � risk assessment


Treatment of non–ST-segment–elevation myocardial in-
farction (NSTEMI) traditionally has focused on preven-


tion or minimization of ischemic complications with potent
antithrombotic medications and catheter-based interven-
tions.1–3 Yet these reductions in recurrent ischemic events
have come at the cost of increased major bleeding,4–7 which
is itself associated with worse clinical outcomes.7–13 Bleeding
complications have received attention recently, in part be-
cause newer antithrombotic agents for NSTEMI have unique
ischemia and bleeding profiles. Some agents demonstrate low
rates of major bleeding with similar efficacy,5,14 whereas
others demonstrate higher rates of major bleeding with


superior efficacy.15 Given the importance of safety and
efficacy,12 the recent American College of Cardiology/Amer-
ican Heart Association practice guidelines placed renewed
emphasis on risk stratification to guide treatment for
NSTEMI.3 Although tools for ischemic risk stratification are
well described (ie, TIMI [Thrombolysis In Myocardial In-
farction], PURSUIT [Platelet glycoprotein IIb/IIIa in Unsta-
ble angina: Receptor Suppression Using InTegrilin], and
GRACE [Global Registry of Acute Coronary Events] risk
scores),16–18 bleeding risk stratification is more limited. The
few bleeding risk stratification models in existence include
treatments known to influence bleeding or are derived from
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subgroups or trial populations not representative of those at
greatest risk.10,13,19 Consequently, better estimation of base-
line risk of bleeding in NSTEMI patients is needed to
facilitate optimal treatment selection.


Editorial p 1846
Clinical Perspective p 1882


Using data from the Can Rapid risk stratification of Unstable
angina patients Suppress ADverse outcomes with Early imple-
mentation of the ACC/AHA guidelines (CRUSADE) Quality
Improvement Initiative, we developed and validated a scoring
system to estimate baseline risk of in-hospital major bleeding
in patients with NSTEMI. The CRUSADE bleeding score
provides a tool that equips clinicians with the means to
consider safety outcomes when making treatment decisions
for patients with NSTEMI.


Methods
The CRUSADE Quality Improvement Initiative is a database of
high-risk patients with non–ST-elevation acute coronary syndromes
who were admitted to US hospitals from November 2001 through
December 2006.20 CRUSADE inclusion and exclusion criteria, data
collection, and variables have been described previously.21 Data on
baseline and nadir hematocrit values were added to version 2 of the
case report form, so the analysis in the present study was limited to
patients enrolled from February 15, 2003, through December 31,
2006. The institutional review board of each center approved
participation in CRUSADE. Because data were collected anony-
mously, informed consent was not required.


Population
The analysis population consisted of 89 134 patients enrolled across
485 US sites. Starting from the CRUSADE population that had
recorded hematocrit values (n�118 252), patients with unstable
angina (n�7173) and those taking warfarin at home (n�7752) were
excluded owing to potential differences in treatment patterns that
could influence bleeding risk. Patients transferred out of the CRU-
SADE hospital (n�12 000) were also excluded, because treatments
and outcomes after transfer could not be collected owing to current
US privacy regulations. Patients with improperly recorded baseline
hematocrit (n�739) or missing data on major bleeding (n�143)
were excluded. Additionally, patients who died within 48 hours of
hospital arrival (n�1311) were excluded because they represent a
censored population that has a truncated opportunity for both
treatment and major bleeding events. The study population was then
divided by use of simple random sampling into a derivation cohort
(80%, n�71 277) and a validation cohort (20%, n�17 857) for
model development. Patients with missing variables for age, sex, and
race were excluded from the model development process (derivation
n�1545 and validation n�375).


Data Definitions
Baseline and nadir (lowest recorded) hematocrit were abstracted on
the data collection form. Blood transfusion was defined as any
nonautologous transfusion of whole or packed red blood cells.
Witnessed bleeding was a variable on the case report form that
required evidence of a bleeding location. CRUSADE major bleeding
was defined as intracranial hemorrhage, documented retroperitoneal
bleed, hematocrit drop �12% (baseline to nadir), any red blood cell
transfusion when baseline hematocrit was �28%, or any red blood
cell transfusion when baseline hematocrit was �28% with witnessed
bleed. The hematocrit cut point of 28% was chosen to prevent
transfusions given for baseline anemia from being considered as
bleeding events. Because the primary goal of the present analysis
was to identify baseline risk of bleeding, bleeding in patients who
underwent coronary artery bypass graft (CABG) surgery was in-
cluded in the analysis only if it occurred before surgery. Bleeding


during or after surgery was not considered. Creatinine clearance was
estimated with the Cockcroft-Gault equation.22 Congestive heart
failure was defined as signs of congestive heart failure at presenta-
tion, indicated by exertional dyspnea, orthopnea, shortness of breath,
labored breathing, fatigue at either rest or with exertion, rales heard
over more than one third of the lung fields, elevated jugular venous
pressure, S3 gallop, or pulmonary congestion on x-ray believed to
represent cardiac dysfunction. Prior vascular disease was defined as
either prior stroke or peripheral arterial disease.


Statistical Analysis
The relationship between potential covariates and major bleeding
was explored using Wilcoxon rank-sum test for continuous and
ordinal categorical variables and �2 test stratified by hospital for
nominal categorical variables. Continuous variables (such as age,
weight, baseline hematocrit, creatinine clearance, heart rate, and
systolic blood pressure) were investigated for nonlinearity, and plots
of each continuous variable versus rates of major bleeding were
reviewed to create dichotomous cut points when suitable. Systolic
blood pressure cut-point values of �110 mm Hg or �180 mm Hg
were chosen because the relationship between bleeding and systolic
blood pressure increased linearly past these ranges but was flat in
between. Similarly, a cut-point hematocrit of 36% was chosen
because major bleeding only increased below this value. In addition,
heart rate values �70 bpm were set to 70 bpm and creatinine
clearance values �120 mL/min were set to 120 mL/min because the
relationship between heart rate and creatinine clearance with major
bleeding was flat beyond those values.


Variables with clinically and statistically significant univariate
relationships with major bleeding were included in the multivariate
model. The degree of missing data was approximately 2% across
covariates. Missing values were set to the lower-risk group for
discrete variables and replaced with sex-specific medians for con-
tinuous variables. To investigate the sensitivity of missing data
imputation, 2 sensitivity analyses were performed in which the first
analysis excluded all missing data of the covariates in the model (eg,
complete case analysis, n�63 117) and the second analysis imputed
missing data of the discrete variables to the higher-risk group.
Because the c statistics of the sensitivity analyses were not remark-
ably different from the main analysis in which missing values were
set to the lower-risk group for discrete variables, only the main
analysis is presented. The logistic generalized estimating equations
method was used to account for within-hospital clustering. This
method produces estimates similar to those obtained from ordinary
logistic regression, but the estimated variances of the estimates are
adjusted for the correlation of outcomes within a hospital.23 The
predictive performance of the model was assessed with c statistics
and observed versus plots of predicted probabilities.


The CRUSADE bleeding score was developed by assigning a
weighted integer to each independent predictor on the basis of its
coefficient in the final model. A point score for each patient was
calculated by summing the weighted integers (range 1 to 100 points).
The predicted rate of major bleeding was plotted as a continuous
function of the score. The bleeding score was also divided into
quintiles: Very low risk (�20; n�19 486), low risk (21 to 30;
n�12 545), moderate risk (31 to 40; 11 530), high risk (41 to 50;
n�10 961), and very high risk (�50; n�15 210). The performance
of the CRUSADE bleeding score was tested in derivation and
validation cohorts, as well as in relevant postadmission treatment
subgroups: Patients treated with �2 antithrombotic medications
(antiplatelet [aspirin or clopidogrel], anticoagulant, or glycoprotein
IIb/IIIa inhibitors; n�50 969); patients receiving �2 antithrombotic
medications (n�5931); and, among patients receiving �2 antithrom-
botic medications, those who did not undergo cardiac catheterization
(conservative strategy, n�3200) and those who underwent a cardiac
catheterization (invasive strategy, n�43 492). In-hospital mortality
was also determined for those who did and did not experience a
major bleeding event in each risk group. In determining the associ-
ation between in-hospital outcomes (major bleeding and mortality)
and bleeding risk score groups, bleeding risk group was entered as an
ordinal independent variable in the logistic generalized estimating
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equation models to test for a linear trend. All comparisons were
2-tailed, and P �0.05 was considered statistically significant. All
analyses were performed with SAS software (version 9.1, SAS
Institute, Cary, NC).


The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.


Results
Baseline characteristics and outcomes of the derivation and
validation cohorts were similar (Table 1). CRUSADE pa-
tients had a median age of 67 years; 60% were male. A high
prevalence of cardiovascular risk factors and of prior cardio-


vascular disease was found. The rate of major bleeding was
9.4% in the derivation cohort and 9.6% in the validation
cohort (P�NS for cross-cohort comparisons). Among the
patients with major bleeding, the (nonexclusive) occurrence
of the individual components of the CRUSADE major bleed-
ing definition were as follows: Intracranial hemorrhage,
0.7%; documented retroperitoneal bleed, 1.9%; hematocrit
drop �12% (baseline to nadir), 44.4%; any red blood cell
transfusion when baseline hematocrit was �28%, 68.6%; or
any red blood cell transfusion when baseline hematocrit was
�28% with witnessed bleed, 2.9%. Patients who experienced
a CRUSADE major bleed (n�6701) had higher rates of
in-hospital heart failure (15.9% versus 6.5%), cardiogenic
shock (7.7% versus 1.5%), and mortality (8.5% versus 2.1%;
all P�0.0001) than those who did not.


Univariate Associations With Major Bleeding
CRUSADE major bleeding was associated with older age
(median 74 versus 67 years), lower weight (median 74.8
versus 81.6 kg), higher heart rate (median 90 versus 82 bpm),
and lower systolic blood pressure (median 142 versus
144 mm Hg; all P�0.0001). Major bleeding was also signif-
icantly associated with lower baseline hematocrit and lower
creatinine clearance (Table 2). Tables 2 and 3 describe the
continuous (Table 2) and dichotomous (Table 3) risk factors
used in the development of the bleeding model.


CRUSADE Bleeding Model and Risk Score
From multivariable analysis, the factors independently asso-
ciated with major bleeding included baseline hematocrit,


Table 1. Baseline Characteristics of Derivation and Validation
Cohorts


Variable
Derivation Cohort


(n�71 277)
Validation Cohort


(n�17 857)


Demographics


Age, y 67.0 (56.0, 79.0) 67.0 (56.0, 79.0)


Weight, kg 81.2 (68.0, 95.3) 81.1 (68.1, 95.3)


Male sex, % 60.2 60.3


White, % 80.1 79.6


Black, % 10.8 10.8


Asian, % 1.1 1.1


Hispanic, % 3.9 4.1


Medical history, %


Family history of CAD 33.9 33.9


History of hypertension 70.5 70.6


Diabetes mellitus 32.7 32.5


Prior vascular disease* 18.4 18.1


Current/recent smoker 28.4 27.8


Hyperlipidemia 52.0 51.7


Prior myocardial infarction 28.1 27.9


Prior PCI 21.0 20.5


Prior CABG 18.2 18.5


Prior congestive heart failure 16.2 16.1


Signs and symptoms at
presentation


Signs of congestive heart
failure, %


22.9 23.2


Heart rate, bpm 83 (70, 98) 83 (70, 98)


Systolic blood
pressure, mm Hg


144 (124, 165) 144 (124, 165)


Baseline hematocrit, % 40.7 (36.5, 44.2) 40.7 (36.6, 44.1)


Creatinine clearance,
mL/min†


70.3 (43,8, 101.9) 70.8 (44.0, 102.0)


ECG: % with ST depression 27.4 27.6


In-hospital events, %


Death 2.7 2.6


Major bleeding 9.4 9.6


CAD indicates coronary artery disease; PCI, percutaneous coronary
intervention.


Data are presented as median (25th, 75th percentile) for continuous
variables and as percentage for categorical data.


*Prior vascular disease defined as peripheral artery disease or prior stroke.
†Creatinine clearance estimated by the Cockcroft-Gault formula.


Table 2. Univariable Relationship Between Continuous
Baseline Characteristics and In-Hospital Major Bleeding in the
Derivation Cohort


Continuous Variables
Median (25th,


75th Percentiles) P *


Age, y �0.0001


Major bleeding 74 (63, 82)


No major bleeding 67 (55, 78)


Weight, kg �0.0001


Major bleeding 74.8 (63.5, 88.5)


No major bleeding 81.6 (69.0, 96.0)


Hematocrit, baseline % �0.0001


Major bleeding 37.1 (32.0, 43.2)


No major bleeding 40.9 (37.0, 44.2)


Heart rate, bpm �0.0001


Major bleeding 90 (75, 107)


No major bleeding 82 (70, 98)


Systolic blood pressure, mm Hg �0.0001


Major bleeding 142 (118, 167)


No major bleeding 144 (124, 165)


Creatinine clearance, mL/min† �0.0001


Major bleeding 48.2 (30.1, 73.4)


No major bleeding 72.9 (46.0, 104.1)


*P value test (Cochran-Mantel-Haenszel statistics stratified by center).
†Creatinine clearance estimated by the Cockcroft-Gault formula.
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estimated creatinine clearance, baseline heart rate, baseline
systolic blood pressure, female sex, signs of congestive heart
failure on presentation, prior vascular disease, and diabetes
mellitus (Table 4). Although age was a univariate predictor, it
did not remain an independent predictor of major bleeding
after adjustment for other covariates. The final regression
model (the CRUSADE major bleeding model) discriminated
patients who did and did not have a major bleeding event
in both the derivation (c statistic�0.72) and validation
(c statistic�0.71) cohorts.


The CRUSADE bleeding score (Table 5) was derived by
assigning weighted integers to each independent predictor on


the basis of its coefficient in the regression model. The sum
of the weighted integers (range 1 to 100 points) estimates the
risk of in-hospital major bleeding. Figure 1 demonstrates the
curvilinear relationship between CRUSADE bleeding score and
predicted probabilities of major bleeding observed in the
derivation cohort, in which the rate of bleeding increased 10-fold
(�3% to �30%) from the lowest to the highest scores. Similar
to the multivariable model, the CRUSADE bleeding score
had good ability to discriminate between patients who did and
did not have a major bleeding event in the derivation (c
statistic�0.71) and validation (c statistic�0.70) cohorts. The
CRUSADE bleeding model was similarly able to predict rates
of moderate to severe bleeding according to the GUSTO
[Global Utilization of Streptokinase and t-PA for Occluded
coronary arteries) definition (c statistic�0.71; data not
shown).


Figure 2 compares the rates of in-hospital major bleeding
across quintiles of risk according to CRUSADE bleeding
score in the derivation and validation cohorts. In the deriva-
tion cohort, the rates of major in-hospital bleeding across the
quintiles of risk groups were 3.1% (very low risk), 5.5% (low
risk), 8.6% (moderate risk), 11.9% (high risk), and 19.5%
(very high risk). The rate of major bleeding also increased
across quintiles of risk groups in the validation cohort (Ptrend


�0.001; Figure 2).


CRUSADE Bleeding Score in Treatment Subgroups
CRUSADE includes patients who underwent an initial inva-
sive strategy with cardiac catheterization (n�52 048) and
subsequent revascularization (n�38 209), as well as those
managed medically (without catheterization, n�6407).
Treatments (ie, invasive care or antithrombotics) that
increase the risk of bleeding were intentionally omitted


Table 3. Univariable Relationship Between Dichotomous
Baseline Characteristics and In-Hospital Major Bleeding in the
Derivation Cohort


Dichotomous Variables Major Bleeding, % P *


Sex �0.0001


Male 7.2


Female 12.7


Hypertension �0.0001


No 7.1


Yes 10.4


Diabetes mellitus �0.0001


No 8.1


Yes 12.1


Current/recent smoker �0.0001


No 10.2


Yes 7.4


Hyperlipidemia NS


No 9.5


Yes 9.3


Prior vascular disease† �0.0001


No 8.4


Yes 14.0


Prior myocardial infarction 0.016


No 9.2


Yes 10.0


Prior PCI NS


No 9.5


Yes 8.9


Prior CABG 0.017


No 9.3


Yes 9.9


Prior CHF �0.0001


No 8.4


Yes 14.4


Signs of CHF �0.0001


No 7.7


Yes 15.1


NS indicates not significant; PCI, percutaneous coronary intervention; and
CHF, congestive heart failure.


*P value test (Cochran-Mantel-Haenszel statistics stratified by center).
†Prior vascular disease is defined as history of peripheral arterial disease or


prior stroke.


Table 4. Multivariate Predictors of In-Hospital Major Bleeding


Variable �2


Derivation
Cohort OR
(95% CI)


Validation Cohort
OR (95% CI)


Baseline hematocrit �36%
(vs �36%)


434.6 2.28 (2.11–2.46) 2.17 (1.92–2.44)


CrCl (per 10-mL/min
decrease)*


433.2 1.12 (1.10–1.13) 1.11 (1.09–1.13)


Heart rate (per 10-bpm
increase)


159.2 1.08 (1.07–1.10) 1.09 (1.07–1.12)


Female sex 77.8 1.31 (1.23–1.39) 1.33 (1.19–1.50)


Signs of CHF at presentation 37.7 1.23 (1.15–1.31) 1.13 (1.01–1.28)


SBP �110 mm Hg
(vs 110–180 mm Hg)


33.6 1.26 (1.16–1.36) 1.27 (1.10–1.47)


SBP �180 mm Hg
(vs 110–180 mm Hg)


1.24 (1.14–1.35) 1.18 (1.02–1.37)


Prior vascular disease† 30.4 1.19 (1.12–1.27) 1.10 (0.98–1.24)


Diabetes mellitus 26.6 1.16 (1.10–1.23) 1.25 (1.12–1.40)


c Statistic 0.72 0.71


CI indicates confidence interval; OR, odds ratio; CrCl, creatinine clearance;
CHF, congestive heart failure; and SBP, systolic blood pressure.


*Creatinine clearance estimated by the Cockcroft-Gault formula.
†Prior vascular disease defined as history of peripheral artery disease or


prior stroke.
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from the CRUSADE bleeding score; however, the perfor-
mance of the CRUSADE bleeding score across treatment
subgroups was confirmed by formal testing.


The model had preserved discrimination in groups of
patients who received �2 antithrombotic medications and
those who received �2 antithrombotic medications (c statis-


tics 0.72 and 0.73, respectively). With the derivation cohort,
the incidence of major bleeding was 8.2% among those who
received �2 antithrombotic medications (n�50 969) versus
6.9% among those who received �2 antithrombotic medica-
tions (n�5931). The rate of major in-hospital bleeding was
higher when �2 antithrombotic medications were given than
when �2 antithrombotic medications were given in every
risk quintile: 3.1% versus 1.9% (very low risk), 5.5% versus
2.6% (low risk), 8.4% versus 5.3% (moderate risk), 12.0%
versus 6.7% (high risk), and 19.9% versus 13.5% (very high
risk; Ptrend �0.001 within each of the 2 strata; Figure 3).
However, the absolute difference in bleeding was greater in
the high-risk and very-high-risk groups.


Among patients receiving �2 antithrombotic medications,
the c statistic of the model in those treated with a conservative
approach (no catheterization) was 0.68, whereas the c statistic
of the model in those treated with an invasive approach
(catheterization) was 0.73. The rate of major in-hospital
bleeding was higher if patients underwent an invasive ap-
proach than if they were treated with a conservative approach
in every risk quintile: 3.1% versus 2.5% (very low risk), 5.6%
versus 3.2% (low risk), 8.6% versus 6.4% (moderate risk),
13.4% versus 6.4% (high risk), and 22.6% versus 13.9%
(very high risk; Figure 4). Similarly, the absolute difference
in major bleeding was magnified in the high-risk and very-
high-risk groups. In-hospital mortality rates increased along
with the CRUSADE bleeding risk quintiles. The rate of
in-hospital mortality is also shown for patients who did and
did not have a bleeding event within each CRUSADE
bleeding risk group; in each bleeding risk quintile, patients
who experienced a major bleed had higher mortality than
those who did not (Figure 5).


Discussion
The CRUSADE bleeding score, which predicts baseline risk
of in-hospital major bleeding, was developed and validated in
�89 000 community-treated NSTEMI patients. It is unique in
that it only considers admission variables, including baseline
characteristics, clinical presentation, and key laboratory data.
The 8 variables in the final model were female sex, history of
diabetes, prior vascular disease, heart rate, systolic blood
pressure, signs of congestive heart failure, baseline hemato-
crit �36%, and creatinine clearance. Although postadmission
treatments were not included in the model, the CRUSADE
bleeding score demonstrated preserved discrimination across
treatment subgroups. Therefore, it complements ischemic risk
prediction, enabling clinicians to consider net clinical out-
comes in patients with NSTEMI.


Bleeding is a common problem that complicates treatment
of NSTEMI, with important immediate and late clinical
consequences. Clinical trials involving almost 48 000 patients
with NSTEMI have demonstrated that major bleeding is
associated with a 5-fold increase in 30-day mortality.8,9


Observations from a randomized trial comparing antithrombotic
agents suggest that a reduction in bleeding events translates into
improved survival.14 Prevention of major bleeding may repre-
sent an achievable step in improving outcomes by balancing
safety and efficacy in the treatment of NSTEMI.


Table 5. Algorithm Used to Determine the Risk Score of
CRUSADE In-Hospital Major Bleeding


Predictor Score


Baseline hematocrit, %


�31 9


31–33.9 7


34–36.9 3


37–39.9 2


�40 0


Creatinine clearance,* mL/min


�15 39


�15–30 35


�30–60 28


�60–90 17


�90–120 7


�120 0


Heart rate (bpm)


�70 0


71–80 1


81–90 3


91–100 6


101–110 8


111–120 10


�121 11


Sex


Male 0


Female 8


Signs of CHF at presentation


No 0


Yes 7


Prior vascular disease†


No 0


Yes 6


Diabetes mellitus


No 0


Yes 6


Systolic blood pressure, mm Hg


�90 10


91–100 8


101–120 5


121–180 1


181–200 3


�201 5


CHF indicates congestive heart failure.
*Creatinine clearance was estimated with the Cockcroft-Gault formula.
†Prior vascular disease was defined as history of peripheral artery disease


or prior stroke.


Subherwal et al The CRUSADE Bleeding Score 1877


 at Duke University--Durham on November 25, 2009 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





Several studies have examined predictors of major bleed-
ing or developed predictive instruments for the estimation of
bleeding risk in this population.9,10,13,19 Moscucci et al10


determined independent predictors of bleeding among 24 045
STEMI and NSTEMI patients in the GRACE registry. Similar
to the present results, they observed that female sex, renal
insufficiency, and blood pressure were independent predictors of
major bleeding. More recently, Spencer et al13 also found that
female sex, peripheral artery disease, heart rate, and renal
insufficiency were among the predictors of major bleeding in the
first 30 days after admission in GRACE. Only 1 other study has
developed a risk stratification tool or bleeding score. Nikolsky et
al19 used 6002 patients enrolled in the REPLACE (Randomized
Evaluation of PCI Linking Angiomax to Reduced Clinical
Events)-2 trial to derive and 1056 patients enrolled in
REPLACE-1 to validate a risk score to predict major bleeding
for patients undergoing elective or urgent percutaneous coronary
intervention via the femoral approach. Similar to the CRUSADE
bleeding score, Nikolsky et al19 found that female sex, baseline
anemia, and lower creatinine clearance were independent


predictors of bleeding. However, REPLACE-2 enrolled a
highly selected population, all of whom underwent percuta-
neous coronary intervention by the femoral approach, which
limits its generalizability. Furthermore, the predictive model
from GRACE10,13 and the risk score from REPLACE-219


included treatment variables (eg, invasive procedures and anti-
thrombotics), which limits their utility for assessing bleeding risk
at presentation. These studies, therefore, do not address baseline
risk in a community population.


The CRUSADE bleeding score builds on these studies in
several ways. It was developed in a diversely treated com-
munity population that included those undergoing initial
invasive strategy and revascularization and those conserva-
tively managed without catheterization. It includes only
baseline factors, including creatinine clearance, a more pre-
cise estimate of renal function than creatinine or a history of
renal insufficiency. Age was a significant univariate predictor
of bleeding; however, it did not remain significant in multi-
variable testing owing to other variables such as creatinine
clearance that may account for age-associated risk.24–26 How-


Figure 1. Predicted probability of in-hospital major
bleeding across the spectrum of CRUSADE bleed-
ing score in the derivation cohort.


Figure 2. Rate of major bleeding across
CRUSADE bleeding score risk groups in
the derivation and validation cohorts. Very
low (bleeding score �20): derivation
n�19 486 and validation n�4920; low
(bleeding score 21 to 30): derivation
n�12 545 and validation n�3141; moder-
ate (bleeding score 31 to 40): derivation
n�11 530 and validation n�2873; high
(bleeding score 41 to 50): derivation
n�10 961 and validation n�2787; and
very high (bleeding score �50): derivation
n�15 210 and validation n�3761. Ptrend


�0.001.
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ever, female sex, diabetes, and signs of congestive heart
failure continue to contribute unique information on bleeding
risk. Importantly, the CRUSADE bleeding score has pre-
served discrimination regardless of treatment (eg, antithrom-
botic medications or invasive care), which increases its utility
in clinical decision making.


The effect of treatment strategy on the incidence of
bleeding in the study population is evident (Figures 3 and 4),
because multiple antithrombotic agents or an invasive ap-
proach increased the risk of bleeding in every CRUSADE
bleeding score quintile. Furthermore, the gradient of bleeding
risk related to treatment appears magnified in the high and
very high quintiles of the CRUSADE bleeding score. These
findings imply that those at high risk may have reduced
bleeding rates with careful treatment selection, although the
effect of such adjustments in treatment strategy on outcomes
will require confirmation by prospective testing.


The CRUSADE bleeding score identifies baseline factors
associated with an increased propensity for bleeding. More-


over, those who experience a bleeding event have higher
in-hospital mortality across all quintiles of baseline risk. The
mortality among those who experience a bleeding event is also
higher within each quintile (Figure 5). Identification of patients
with a higher propensity for bleeding can lead to improvements
in NSTEMI care by prompting clinicians to make judicious
treatment selections, carefully dose antithrombotic medications,
and select invasive strategies to optimize patient-centered
care.27,28 With a growing number of antithrombotic agents
available,5,14,15,29,30 appreciation of baseline bleeding provides an
objective starting point either for treatment selection or for
strategy comparison. The CRUSADE bleeding score provides a
complement to existing risk stratification.


Study Limitations
Several limitations of the present analysis should be consid-
ered. Given the dependence on registry data for this analysis,
we chose to limit our population to those with NSTEMI, to


Figure 3. Rate of major bleeding among
patients treated with �2 vs �2 antithrom-
botic drugs across CRUSADE bleeding
score in the derivation cohort. Quintiles
were defined as follows: Very low (�20),
n�18 406; low (21–30), n�11 368; mod-
erate (31–40), n�9871; high (41–50),
n�8290; and very high (�50), n�8965.
Ptrend �0.001 within each of the 2 strata.


Figure 4. Rate of major bleeding among
patients treated with �2 antithrombotic
drugs undergoing an invasive approach
(catheterization) vs a conservative
approach (no catheterization) across
CRUSADE bleeding score in the deriva-
tion cohort. Quintiles were defined as fol-
lows: Very low (�20), n�16 974; low (21–
30), n�10 067; moderate (31–40),
n�8142; high (41–50), n�6105; and very
high (�50), n�5404. Ptrend �0.001 within
each of the 2 strata.
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limit the number of false-positives. When unstable angina
patients were included (n�5462), the model c statistic did not
change (c statistic�0.72). We conclude our model will
predict bleeding events in the high-risk acute coronary
syndrome population. Another possible limitation could be
that some initial bleeding events were not included, because
patients who died within 48 hours of hospitalization were
excluded from the analysis; however, a validation analysis that
included early deaths (n�1311) did not alter the c statistic of the
model (c statistic�0.71). The rate of major bleeding is higher
in CRUSADE than in other studies because of the complex
patient population or the definition of major bleeding. The
definition of in-hospital major bleeding used in the present
study has been published previously31 and is an adaptation of
existing major bleeding definitions as applicable to the
CRUSADE data collection methods.5,32,33 CRUSADE col-
lected only hematocrit levels (not hemoglobin). In addition, a
history of prior bleeding or bleeding diathesis, both of which
are recognized predictors of in-hospital bleeding,13 was not
collected in CRUSADE. Patients taking warfarin at admis-
sion were excluded, so additive risk was not considered.
Finally, the c statistic of the CRUSADE in-hospital major
bleeding model at 0.72 in the derivation cohort and 0.71 in
the validation cohort is modest but nevertheless better than
that of other bleeding models.10,19


Conclusions
The CRUSADE bleeding score combines 8 baseline factors
that predict the propensity for major bleeding into a simple
validated tool to assist with risk assessment and optimize care
of patients with NSTEMI.


An automated Web tool for calculation of the CRUSADE
Bleeding Score is available at http://www.crusadebleedingscore.
org.
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CLINICAL PERSPECTIVE
With renewed emphasis in the American College of Cardiology/American Heart Association non–ST-segment elevation
acute coronary syndrome practice guidelines on patient risk stratification and an expanding array of antithrombotic
therapies with varying bleeding hazards, consideration of both safety and efficacy may improve selection of optimal
treatment strategies for patients with non–ST-segment elevation myocardial infarction. The Can Rapid risk stratification
of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA guidelines
(CRUSADE) bleeding score complements existing ischemic risk stratification tools by providing an assessment of baseline
bleeding risk. The CRUSADE bleeding score combines 8 readily available variables (baseline hematocrit, creatinine
clearance, female sex, diabetes, peripheral vascular disease, signs of heart failure, systolic blood pressure, and heart rate
on admission) into a validated bleeding risk score (range 1 to 100 points). This score stratifies baseline bleeding risk across
quintiles: Very low risk (score �20), low risk (21 to 30), moderate risk (31 to 40), high risk (41 to 50), and very high risk
(�50). In CRUSADE, observed rates of major in-hospital bleeding across quintiles of risk were 3.1% (very low risk), 5.5%
(low risk), 8.6% (moderate risk), 11.9% (high risk), and 19.5% (very high risk). By providing an estimation of baseline
risk of bleeding, application of the CRUSADE bleeding score will better equip providers to consider the safety and efficacy
implications of various treatment strategies for a patient with non–ST-segment elevation myocardial infarction.
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genic shock in patients with AMI comes from the
GUSTO I trial in which 2972 (7.2%) of 41,021 patients
were found to have cardiogenic shock.2 Whereas mor-
tality rates for such patients had been reported to be as
high as 80% in the prethrombolytic era,3 patients with
cardiogenic shock in GUSTO I had a 55% 30-day mortal-
ity rate.2 Whether this reflects a beneficial effect of
thrombolysis or the selection of healthier patients for
entry into a clinical trial has been debated.


Although several studies have demonstrated the impor-
tance of establishing and maintaining a patent infarct-
related artery in the setting of AMI complicated by cardio-
genic shock,4 thrombolytic therapy is often unsuccessful
in establishing patency of the infarct-related artery in this
setting.4,5 It has been suggested that the impaired fibri-
nolytic activity of thrombolytic therapy in patients with
cardiogenic shock is in part related to the profound hemo-
dynamic abnormalities that exist in these patients6 and
that this effect could be reversed by norepinephrine.7


Other studies demonstrated that intra-aortic balloon


See related Editorial on page 889.


Cardiogenic shock complicating acute myocardial
infarction (AMI) is associated with high mortality rates
and remains the leading cause of death in patients hos-
pitalized with AMI.1 The largest experience with cardio-
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Acute Ischemic Heart Disease


The use of intra-aortic balloon counterpulsation in
patients with cardiogenic shock complicating acute
myocardial infarction: Data from the National
Registry of Myocardial Infarction 2
Hal V. Barron, MD,a,b Nathan R. Every, MD,c Lori S. Parsons, BS,c Brad Angeja, MD,d Robert J. Goldberg, PhD,e


Joel M. Gore, MD,e and Tony M. Chou, MD,a for the Investigators in the National Registry of Myocardial 
Infarction 2 San Francisco and South San Francisco, Calif, Seattle, Wash, and Worcester, Mass


Background Cardiogenic shock complicating acute myocardial infarction (AMI) remains the leading cause of death
in patients hospitalized with AMI. Although several studies have demonstrated the importance of establishing and maintain-
ing a patent infarct-related artery, it remains unclear as to whether intra-aortic balloon counterpulsation (IABP) provides
incremental benefit to reperfusion therapy. The purpose of this study was to determine whether IABP use is associated with
lower in-hospital mortality rates in patients with AMI complicated by cardiogenic shock in a large AMI registry.


Methods We evaluated patients participating in the National Registry of Myocardial Infarction 2 who had cardiogenic
shock at initial examination or in whom cardiogenic shock developed during hospitalization (n = 23,180).


Results The mean age of patients in the study was 72 years, 54% were men, and the majority were white. The overall
mortality rate in all patients who had cardiogenic shock or in whom cardiogenic shock developed was 70%. IABP was used
in 7268 (31%) patients. IABP use was associated with a significant reduction in mortality rates in patients who received
thrombolytic therapy (67% vs 49%) but was not associated with any benefit in patients treated with primary angioplasty
(45% vs 47%). In a multivariate model, the use of IABP in conjunction with thrombolytic therapy decreased the odds of
death by 18% (odds ratio, 0.82; 95% confidence interval, 0.72 to 0.93).


Conclusions Patients with AMI complicated by cardiogenic shock may have substantial benefit from IABP when used
in combination with thrombolytic therapy. (Am Heart J 2001;141:933-9.)







counterpulsation (IABP), by augmenting perfusion
pressure, could also enhance coronary thrombolysis
induced by intravenous administration of recombinant
tissue plasminogen activator (r-TPA).8,9 Preliminary
clinical studies support the concept that IABP
enhances thrombolysis in the setting of AMI and may
prevent reocclusion.10-13


The purpose of this study was to determine whether
the use of IABP is associated with a beneficial effect in
patients with AMI complicated by cardiogenic shock.
To examine this question, we performed a retrospec-
tive cohort study with the National Registry of Myocar-
dial Infarction 2 (NRMI 2), a large registry of patients
with AMI.


Methods
Data sources


NRMI 2 is a prospective, observational study sponsored by
Genentech, Inc (South San Francisco, Calf). NRMI 2, which
was initiated in June 1994, contains data abstracted from the
charts of patients with AMI admitted to registry hospitals.
The completed case report form is forwarded from the reg-
istry hospital to an independent central data collection cen-
ter (ClinTrials Research, Inc, Lexington, Ky) for processing
and analysis. The data collection center used double-key
entry to add data from each case report form to the data-
base. Electronic data checks were performed to detect inter-
nal inconsistencies, omissions, errors, and out-of-range vari-
ables. Demographic, historic, and hospital course variables
have been shown to be comparable to the Cooperative Car-
diovascular Project database, which has centralized chart
abstraction.14


Patient inclusion and data collection
Patients were eligible for entry into NRMI 2 if diagnosed


with AMI at a participating hospital. The method of diagnosis
of AMI was defined by the study protocol as (1) a patient his-
tory and presentation suggestive of AMI accompanied by (a)
total creatinine kinase greater than or equal to twice the
upper limit of hospital laboratory normal or creatinine
kinase–MB greater than or equal to the upper limit of hospital
laboratory normal, (b) electrocardiographic evidence of AMI,
or (c) in the absence of definitive/available cardiac enzyme or
electrocardiographic data, alternative enzymatic, scintigraphic,
echocardiographic, angiographic, or autopsy evidence indica-
tive of AMI; or (2) an International Classification of Diseases,
9th revision, clinical modification, discharge diagnosis code for
AMI, 410.01 through 410.91.


Patients were included in this analysis if they had cardio-
genic shock or if cardiogenic shock developed during hospital-
ization for AMI (n = 23,180). Cardiogenic shock was defined as
“low blood pressure (<90 mm Hg) and signs of hypoperfusion
(cool, clammy skin, oliguria, or altered sensorium), nonrespon-
sive to fluid resuscitation or pressors.”


Detailed demographic data were collected that included age,
sex, race, weight, and key medical history variables (prior AMI,
heart failure, percutaneous transluminal coronary angioplasty
[PTCA], bypass surgery, and diabetes). Characteristics seen ini-
tially in patients included the time from symptom onset to hos-
pital arrival, blood pressure, heart rate, and Killip class on
admission. Hospital course variables included cardiac medica-
tions, interventional procedures, the location of the AMI, and
the occurrence of hypotension, recurrent ischemia or infarc-
tion, pulmonary edema, cardiogenic shock, ventricular fibrilla-
tion, and death. Ejection fraction and its method of determina-
tion were recorded for those patients with known values.


Statistical methods
We compared baseline characteristics of patients with cardio-


genic shock treated with and without IABP by χ2 test for differ-
ences in categoric variables and Student t test for differences in
continuous variables. To evaluate the association between pa-
tient characteristics and the use of IABP, we performed a series
of multivariable logistic regression analyses with the receipt of
IABP use as the dependent outcome. Factors that were statisti-
cally different (P < .05) in the univariate comparison for patients
with shock, treated with and without IABP, entered into the
model in a stepwise fashion, and adjusted odds ratios (OR) and
95% confidence intervals (CI) were calculated.


To evaluate the association between IABP use and hospital
mortality rates independent of baseline differences in patient
characteristics, we performed a series of logistic regression
analyses with hospital death as the dependent variable. Fac-
tors that were associated with IABP use in the multivariate
model, as well as baseline and hospital presentation factors
known to be associated with death, entered the model in a
stepwise fashion. The use of IABP and an interaction term of
IABP with mode of reperfusion were forced into the model in
the final step. Separate models were fitted for the subgroup of
patients with cardiogenic shock who received thrombolytic
therapy (n = 5640) and primary PTCA (n = 2925). In addition,
a propensity score, reflecting the probability of receiving an
IABP, was calculated for each patient who received either
thrombolytic therapy or primary PTCA.
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Patient characteristics (n = 23,180)


Age (y) 71.9
Male sex 53.7%
White race 87.1%
History of


Diabetes 31%
Hypertension 48%
Angina 20%
CHF 20%
MI 28%
Stroke 11%
PTCA 6%
CABG 12%


Chest pain on arrival 62%
Killip class IV on arrival 25%
ST elevation/LBBB 63%
Primary PTCA 13%
Thrombolytic therapy 24%
Sx onset to reperfusion therapy (median) 4.5 h (3.1)
Hospital arrival to reperfusion therapy (median) 2.2 h (1.3)


CHF, Congestive heart failure; LBBB, left bundle branch block; Sx, symptom.


Table I. Baseline demographics and clinical characteristics of
patients with cardiogenic shock







Results
By using data from NRMI 2, we identified 23,180


patients with AMI complicated by cardiogenic shock.
The baseline demographic and clinical characteristics
of this population are shown in Table I. The mean age
of patients in the study was 72 years, 54% were men,
and the majority were white. Thirty-one percent of
patients had a history of diabetes, 48% had a history of
hypertension, 20% had prior angina, 20% had a history
of congestive heart failure, and 28% had a history of
myocardial infarction. Only 6% and 12% of patients had
had a prior PTCA or coronary artery bypass graft
(CABG), respectively. Of all patients who had evi-
dence of cardiogenic shock, 25% were found to be in
cardiogenic shock on arrival, whereas in the remain-
ing patients, cardiogenic shock developed after their
first physical examination. Of those patients who had
cardiogenic shock, 24% received thrombolytic ther-
apy, 15% underwent primary PTCA or immediate coro-
nary bypass surgery, and the remaining patients
received no immediate reperfusion therapy. Rescue
PTCA was performed in 6.8% of patients treated with
both thrombolytic therapy and IABP versus 1.7% of
patients treated with thrombolytic therapy and no
IABP. CABG was performed in 24.7% of patients treated
with both thrombolytic therapy and IABP versus 5.5%
of patients treated with thrombolytic therapy and no
IABP. Of those patients who underwent primary PTCA,
10% also underwent subsequent CABG and 14% under-
went a subsequent PTCA. The mean time from symp-
tom onset to the time they received reperfusion ther-


apy was 4.5 hours. This was in part related to a 2.2-
hour delay from hospital arrival to the receipt of reper-
fusion therapy.


IABP was used in 7268 (31%) patients. Patients who
received an IABP were on average 7 years younger and
more likely to be male than patients who did not
receive an IABP. They were also less likely to have a
history of congestive heart failure and stroke and were
more likely to have received reperfusion therapy and to
have had a prior PTCA than patients who did not
receive an IABP (Figure 1 and Table II).


A multivariate model was constructed to determine
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Figure 1


Percentage of patients receiving either thrombolytic therapy (TT), primary angioplasty (PPTCA), or no form of
reperfusion therapy (No RT) as function of whether or not they received IABP.


IABP No IABP P
Characteristics (n = 7268) (n = 15,912) value


Age (y) 67 74.1 <.001
Male sex 60.5% 50.5% <.001
History of


Diabetes 29% 32% <.001
Hypertension 47% 49% .015
Angina 19% 20% .100
CHF 11% 24% <.001
MI 26% 30% <.001
Stroke 7% 13% <.001
PTCA 9% 5% <.001
CABG 12% 12% .325


CHF, Congestive heart failure.


Table II. Baseline demographics and clinical characteristics of
patients who did and did not receive IABP







which covariates were independently associated with
receiving an IABP (Table III). Older age, female sex,
and nonwhite race were associated with less IABP use.
In addition, previous medical conditions including a
history of a myocardial infarction, a history of conges-
tive heart failure, and a history of diabetes mellitus
were associated with less IABP use. Patients with an
anterior wall myocardial infarction, those with ST-seg-
ment elevation or a left bundle branch block on their
first electrocardiogram, and those who had previously


received a PTCA were more likely to receive an IABP.
In addition, patients who were transferred into a
National Registry hospital from an outside hospital
were significantly more likely to receive a balloon
pump.


The overall mortality rate in all patients with cardio-
genic shock was 70%. Patients who did not receive either
thrombolytic therapy or primary angioplasty had a higher
mortality rate (78%). Figure 2 depicts the in-hospital mor-
tality rates for patients according to their mode of initial
reperfusion therapy and whether or not they received an
IABP. Patients who received thrombolytic therapy alone
had a mortality rate of 67%. The mortality rate was signifi-
cantly lower in patients who received thrombolytic ther-
apy in conjunction with an IABP (49%). The mortality rate
for patients treated with primary PTCA was the lowest at
42% and was slightly higher when primary PTCA was
combined with IABP (47%).


The mortality rate for the cohort of patients who
were found to have cardiogenic shock at the initial
examination (n = 5700) was 67%, which was similar to
the rate found in the overall cohort (70%). In these
patients, the mortality rate was 77% for patients who
did not receive thrombolytic therapy or primary angio-
plasty, 59% for patients receiving only a thrombolytic
agent, and 53% for those receiving both a thrombolytic
agent and an IABP. The rates of death for patients
receiving primary PTCA and primary PTCA with IABP
were 44% and 48%, respectively. Thus, patients who
had cardiogenic shock at hospital arrival had mortality
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Characteristic OR (95% CI)


Age (per y) 0.96 (0.95-0.96)
Female 0.79 (0.75-0.85)
Nonwhite 0.89 (0.81-0.97)
Prior MI 0.91 (0.85-0.98)
Prior DM 0.92 (0.86-0.99)
Prior CHF 0.50 (0.46-0.55)
Prior PTCA 1.85 (1.64-2.09)
Anterior MI* 1.43 (1.34-1.52)
Posterior or lateral MI* 1.25 (1.17-1.34)
ST elevation or LBBB 1.11 (1.04-1.18)
Transfer In 2.57 (2.40-2.75)
Killip 4 on arrival 0.63 (0.59-0.68)


DM, Diabetes mellitus; CHF, congestive heart failure; LBBB, left bundle branch
block.
*Relative to inferior wall MI.


Table III. Baseline demographics and clinical characteristics
associated with receiving IABP: Multivariate model


Figure 2


In-hospital mortality rates in patients who received thrombolytic therapy (TT) or primary angioplasty (PPTCA) as
function of whether or not they received IABP.







rates very similar to those of patients in whom cardio-
genic shock developed after hospital arrival.


A multivariate model (including all the covariates
noted in Table IV) was constructed to determine the
independent risk factors for death in the total cohort (n
= 23,180). We observed a strong statistical interaction
between the use of IABP and mode of reperfusion ther-
apy (primary PTCA vs thrombolytic therapy; P < .001).
For this reason, we repeated the multivariate model and
stratified the cohort on the basis of the mode of coro-
nary reperfusion (Table IV). Increasing age, diabetes,
prior AMI, prior CABG, increasing heart rate, and ante-
rior myocardial infarction location were all associated
with an increased mortality rate. Conversely, current
smoking as well as undergoing nonimmediate revascu-
larization with both bypass or subsequent PTCA was
associated with improved survival. Although IABP use
was associated with a significant reduction in mortality
rates in patients treated with thrombolytic therapy (OR,
0.82; 95% CI, 0.72 to 0.93), IABP use was not associ-
ated with a reduction of mortality rates in patients
treated with primary PTCA and in fact was associated
with higher hospital mortality rates (OR, 1.26; 95% CI,
1.07 to 1.50). When the propensity score was included
in the multivariate models, the differential effect of
IABP use in patients who received thrombolytic ther-
apy compared with patients who received primary
PTCA remained unchanged.


Discussion
In this study, we made several important observations


regarding the treatment and outcome of patients with
AMI complicated by cardiogenic shock. First, the mor-
tality rate in patients with cardiogenic shock remains
exceedingly high (70%) and does not appear to have
significantly changed over time. In a community-based
study in Worcester, Massachusetts, Goldberg et al3


found that the overall in-hospital mortality rate of
patients with AMI complicated by cardiogenic shock
was 78% and was constant over the study period 1975
to 1988. In this population-based study of metropolitan
Worcester residents, only 7.6% of patients received
thrombolytic therapy in 1988 compared with 24% in
the current study. Thus, despite the more aggressive
use of thrombolytic therapy, the overall mortality rate
associated with cardiogenic shock appears to have
decreased only slightly in the past decade.


A second important observation made in the current
study is that IABP is used in only a minority of patients
with AMI complicated by cardiogenic shock. However,
there does appear to have been a significant increase in
its use since 1988. In the study by Goldberg et al,3 only
7.5% of patients received an IABP. The rate in the cur-
rent study (study period 1994 to 1996) was 4-fold
higher. Interestingly, among US-treated patients in


GUSTO I (study period 1991 to 1993), the overall rate
of IABP use was 32%, similar to the current study.


Third, the use of IABP in combination with throm-
bolytic therapy appeared to have a synergistic effect on
reducing mortality rates. Although thrombolytic ther-
apy has been demonstrated to reduce infarct size and
improve survival in selected patients with AMI, there is
some question as to the effectiveness of thrombolytic
therapy in treating patients in cardiogenic shock. It has
been suggested that impaired coronary perfusion asso-
ciated with cardiogenic shock is responsible for the
reduced effectiveness of thrombolytic therapy in this
setting.6,15 For a thrombolytic agent to dissolve an oc-
clusive coronary thrombus, the agent must bathe and
then infiltrate the thrombus.6 When mean arterial pres-
sure falls below 65 to 70 mm Hg, coronary blood flow
begins to fall and ceases to exist when mean arterial
pressures drop below 30 mm Hg.16


Several preclinical studies have demonstrated a syner-
gistic effect of IABP and thrombolysis on establishing
coronary patency. Prewitt et al7 studied the effect of
changes in aortic pressure on the efficacy of a throm-
bolytic agent in dogs. They found that a moderate in-
crease in systolic blood pressure from 75 to 130 mm Hg,
produced by a norepinephrine infusion, increased both
the rate and extent of coronary thrombolysis. Gurbel et
al9 and Prewitt et al8 examined the effect of arterial dia-
stolic pressure augmentation by IABP on reperfusion
after intravenous thrombolytic therapy in a canine
model. They found that IABP resulted in earlier reperfu-
sion in animals treated with r-TPA9 and an increased rate
of r-TPA–induced coronary thrombolysis.8


Several clinical studies have suggested an improved
outcome for patients with AMI complicated by cardio-
genic shock who were treated with the combination of
IABP and thrombolytic therapy. In one observational
study involving 54 patients hospitalized with AMI,
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PPTCA (n = 2925) TT (n = 5640)
Characteristics OR (95% CI) OR (95% CI)


Age (per y) 1.03 (1.03-1.04)† 1.05 (1.04-1.05)†
Prior MI 1.22 (1.00-1.48) 1.28 (1.10-1.50)*
History of DM 1.36 (1.14-1.62)† 1.49 (1.30-1.72)†
Prior smoker 0.75 (0.63-0.90)* 0.72 (0.63-0.83)†
Prior PTCA 0.72 (0.55-0.94) 0.88 (0.68-1.13)
Prior CABG 1.44 (1.10-1.90)* 1.78 (1.42-2.23)†
Anterior AMI 1.53 (1.31-1.78)† 1.34 (1.19-1.51)†
In-hospital procedures


CABG 0.56 (0.43-0.73)† 0.32 (0.26-0.38)†
PTCA 0.73 (0.59-0.92)* 0.31 (0.26-0.36)†
IABP 1.27 (1.07-1.50)* 0.82 (0.72-0.93)*


PPTCA, Primary PTCA; TT, thrombolytic therapy; DM, diabetes mellitus.
*<.01.
†<.001.


Table IV. Predictors of in-hospital death: Multivariate analysis







Stomel et al13 compared patients who received throm-
bolytic therapy (group 1) with patients who received
IABP support (group 2) and with patients who were
treated with combined thrombolytic therapy and IABP
support (group 3). The groups were similar in regard to
age, sex, medical history, hemodynamic data, and ex-
tent of coronary artery disease. Survival was improved
only in patients treated with combined thrombolytic
therapy and IABP support (group 1, 23%; group 2, 28%;
and group 3, 68%; P < .005). In another study, Kono et
al,12 who used a prospective, randomized design, tested
the hypothesis that IABP would improve the late patency
of the occluded coronary artery in patients with early
failure of thrombolytic therapy. They found that patients
treated with IABP had a significantly higher frequency of
Thrombolysis In Myocardial Infarction (TIMI) flow grade
3, lower residual percent stenosis, and larger minimal
lumen diameter of the infarct-related artery than did
patients who did not receive IABP (74% vs 32%; 42 vs 68;
and 1.6 vs 0.9 mm, respectively).


The GUSTO I investigators evaluated whether IABP
use was associated with lower mortality rates in
patients who had evidence of cardiogenic shock at the
time of hospital presentation. In this study, Anderson et
al17 identified 310 patients with AMI, in cardiogenic
shock, of whom 60 (20%) received an IABP within the
first 24 hours. They found that these patients had a
lower unadjusted 30-day mortality rate (59% vs 48%;
unadjusted P = .12) compared with patients who did
not receive IABP, although this finding did not reach
statistical significance. In a subsequent study, Berger et
al18 observed that an aggressive strategy of early angiog-
raphy (and revascularization when appropriate) was
associated with a reduction in mortality rates in
patients with AMI and cardiogenic shock who receive
thrombolytic therapy and that no independent benefit
of IABP could be found.


The most recent evaluation of cardiogenic shock
complicating AMI was the SHOCK trial, an international
randomized trial of emergency PTCA/CABG versus ini-
tial medical stabilization in patients with AMI and devel-
opment of cardiogenic shock.19 Patients were randomly
assigned to either emergency revascularization or initial
medical stabilization. Patients in both groups then
received IABP and pharmacologic support. Patients ran-
domly assigned to initial medical stabilization were
required to receive thrombolytic therapy unless there
was an absolute contraindication and then underwent
delayed PTCA or CABG >54 hours later. At 30 days, the
all-cause mortality rate was 46% in the emergency revas-
cularization group versus 56% in the initial medical sta-
bilization group (P = .11). One explanation for why the
SHOCK trial did not demonstrate the expected 20%
reduction in mortality rates with emergency revascular-
ization compared with initial medical stabilization was
that there was a lower than expected mortality rate in


the initial medical stabilization arm. Data from the cur-
rent study would suggest that the lower than expected
mortality rate in the patients with initial medical stabi-
lization may have resulted from the very intensive med-
ical treatment with IABP and thrombolytic therapy.


Observations from the current analyses support
numerous previous clinical and preclinical studies that
suggest that IABP enhances the effectiveness of throm-
bolytic therapy in patients with AMI complicated by
cardiogenic shock. Specifically, our results suggest that
treatment with both IABP and thrombolytic therapy is
associated with an improvement in hospital survival
compared with treatment with thrombolysis alone.
After adjusting for baseline differences between pa-
tients who did and those who did not receive IABP, we
found that receiving an IABP was associated with an
18% (adjusted OR, 0.82; 95% CI, 0.72 to 0.93) reduction
in hospital mortality rates in patients treated with
thrombolytic therapy. Interestingly, there was no asso-
ciated benefit with the use of IABP in patients treated
with primary PTCA, a treatment modality that does not
rely on coronary perfusion pressure to establish
patency.20


Limitations
There are several limitations of the current analysis.


First, although we included data from more than 1400
hospitals throughout the United States, these hospitals
may not be completely reflective of all US hospitals.21


Participating registry centers tend to be larger, more
procedure-oriented, and more likely to use reperfusion
therapy than nonparticipating hospitals. Second, data
obtained on each enrolled patient are limited to his or
her in-hospital stay. Third, there is no independent on-
site validation of data forms and thus there exists the
potential for nonconsecutive patient enrollment. How-
ever, recent work from Every et al14 suggests that the
data abstraction process used in NRMI 2 is comparable
to the more rigorous processes used in the Cooperative
Cardiovascular Project. Fourth, the exact timing of
IABP placement was not collected in the current study;
therefore one cannot exclude the possibility that the
beneficial effect seen with IABP was related to survivor
bias. Finally, although the information was collected
prospectively, this analysis is retrospective and as such
has many of the limitations associated with this type of
clinical research, including nonrandom allocation of
treatment with IABP.


Conclusions
Numerous studies have convincingly shown that


patency of the infarct-related artery is of paramount
importance in patients with AMI. This appears to be
particularly true in patients with cardiogenic shock.
Data from the current study suggest that patients with
AMI complicated by cardiogenic shock may have sub-
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stantial benefit from the combination of thrombolytic
therapy and IABP. However, because this study is
observational in nature, it is not definitive. Only a prop-
erly designed randomized, controlled trial can accu-
rately answer this important question. One such study,
the TACTICS trial, is currently enrolling patients and
should provide an answer soon.
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Summary


Background Rapid, effective triage is integral to emergency
cardiac care of patients with ST-elevation myocardial
infarction (STEMI). Available models for predicting mortality
in STEMI include up to 45 variables, but have consistently
shown advanced age, increased heart rate, and decreased
blood pressure to be among the strongest predictors. 


Methods On the basis of observed risk relations among 
13 253 patients with STEMI from the InTIME II trial, we
developed and assessed a simple risk index using age,
heart rate, and systolic blood pressure (SBP) for predicting
mortality over 30 days: (heart rate�[age/10]2)/SBP.


Findings The risk index was a strong (c statistic=0·78) and
independent predictor of mortality risk (p<0·0001). When
the risk index was categorised into quintiles for convenient
clinical use, it revealed a more than 20-fold gradient of
increasing mortality from 0·8 to 17·4%, p<0·0001. The risk
index was also a robust predictor of very early events,
including death by 24 h (c statistic=0·81). External
validation in patients with STEMI from the TIMI 9 trials
(n=3659) showed both a high discriminatory capacity 
(c statistic=0·79), and excellent concordance between the
observed 30-day mortality in each of the five risk groups
and the predictions based on InTIME II (goodness-of-fit,
p=0·7).


Interpretation A simple risk index based on characteristics
easily assessed by any paramedical or clinical personnel
captures most of the information from more complex tools,
and is likely to be useful in the rapid triage of patients with
STEMI outside hospital or on first arrival in the hospital.
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Introduction
Rapid and effective triage is an integral component of
emergency cardiac care of patients with acute myocardial
infarction.1,2 The ability to obtain 12-lead electro-
cardiograms and complete fibrinolytic checklists outside
hospital has now made prehospital triage of ST-elevation
myocardial infarction (STEMI) possible.1,3 In a growing
number of emergency medical systems, decisions
regarding triage to tertiary centres are now made outside
hospital and guided by rapid risk assessment. In patients
who present directly to the emergency department,
immediate assessment of risk is equally important.
Clinical tools, such as the thrombolysis in myocardial
infarction (TIMI) risk score for STEMI,4 have been
developed to provide an accurate assessment of short-
term mortality risk early after hospital arrival, but are 
not ideal for use in the prehospital environment because
they use information not routinely collected outside
hospital.


Analyses from several clinical trials and registry
studies have established clinical predictors of adverse
outcomes among patients with STEMI.4–9 Age, heart
rate, and systolic blood pressure (SBP) at presentation
have consistently been among the strongest independent
prognostic variables, with age and heart rate having
positive, and SBP inverse, associations with mortality
risk.5,6,8,10 We developed and assessed a risk index for
mortality prediction based upon these three variables,
which are routinely ascertained at the first medical
assessment.


Methods
Derivation set
In the InTIME II trial, patients with STEMI were
enrolled within 6 h of symptom onset at over 800
hospitals worldwide and randomly assigned to treatment
with the bolus-fibrinolytic lanoteplase or alteplase.11


Exclusion criteria included any history of cerebro-
vascular disease, an SBP of more than 180 mm Hg or
diastolic blood pressure of more than 110 mm Hg,
cardiogenic shock, or increased risk of severe bleeding.
The primary endpoint of the trial was death from any
cause within 30 days of randomisation. Data were also
collected on the onset of new, or worsening, congestive
heart failure.


Statistical analysis
Patients with complete data for age, heart rate, and SBP
at presentation (94%) were eligible for this analysis. We
assessed the relations between age, heart rate, and SBP
with mortality at 30 days as continuous functions and
plotted them using cubic spline fitting (S-PLUS version
3.4, MathSoft, Seattle, WA, USA). Consistent with data
from previous studies, heart rate had a U-shaped relation
with mortality risk.5 To avoid the necessity of more
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complex and clinically impractical modelling for the 
U-shaped relation, the risk score was developed for use
over the linear range for heart rate between 50 and 150
beats per min. This restriction excluded patients with
severe bradycardia or tachyarrhythmias who typically
require specific interventions, and represented only 861
of the 14 114 eligible patients. Age showed a non-linear
but uniformly increasing relation with mortality and was
therefore modelled using a quadratic term. Guided by
the observed relation, we constructed the risk index as
(heart rate�[age/10]2)/SBP (figure 1). 


We assessed the predictive power of the risk index
with logistic regression for the outcome of mortality at
30 days. A linear relation between the risk index and log-
odds of death supported modelling of the risk index as a
continuous variable. The prognostic discriminatory
capacity of the risk index was expressed as the c statistic,
equivalent to the area under the receiver operating
characteristic curve.12 We assessed the risk index in a
multivariable model including other independent
predictors of short-term mortality in InTIME II.4 The
incremental information offered by the additional
independent variables was assessed as the relative
difference in the global �2 statistics for the risk index
model with and without the additional variables. We
categorised patients by quintiles of the risk index and
determined the rates of death, congestive heart failure,
and death or congestive heart failure determined at 24 h,
hospital discharge, and 30 days for each risk index
group. The gradient in mortality across risk score groups
was tested with the �2 test for trend. We used S-PLUS
(version 3.4) and SAS (version 6.12).


Model validation
We assessed the risk index in an external data set of
patients with STEMI. TIMI 9A and B were multicentre,
randomised trials assessing the safety and efficacy of
hirudin as an adjunct to fibrinolytic therapy (tissue
plasminogen activator or streptokinase at the physician’s
discretion).13,14 The combined database included 3756
patients with complete data for age, heart rate, and SBP
at entry, of whom 97% (n=3659) had a heart rate
between 50 and 150 beats per min. 


The discriminatory capacity of the risk index in TIMI
9 was again measured with the c statistic for the
regression model using the intercept and parameter
estimates generated in InTIME II. We categorised
patients in the TIMI 9 data set into five risk groups
based on the risk index ranges derived in InTIME II.
Calibration of the model was assessed by comparison of
the observed mortality for each risk group in TIMI 9
versus that expected based on risk estimates from
InTIME II using the Pearson’s goodness-of-fit test. Low
�2 and corresponding high p values for the Pearson
goodness-of-fit statistic indicate a good fit of the
observed to the predicted event rates. 


Results
We analysed 13 253 patients enrolled in InTIME II.
The table shows the baseline characteristics. Mortality
rates at 24 h, hospital discharge, and 30 days were 
2·1%, 5·4%, and 6·0%, respectively. The risk index
values at presentation for the population ranged from
1·6 to 110 with a median of 20 (25–75th percentiles
14–27).


ARTICLES


1572 THE LANCET • Vol 358 • November 10, 2001


0


60 80 100 120 140


M
or


ta
lit


y 
at


 3
0
 d


ay
s 


(%
) 5


10


15


20


25


30


Heart rate (beats per min)


A


0


10


20


30


30 40 50 60 70 80 90


40


Age (years)


B


0


60 80 100 120 140 160 200180


5


10


15


20


25


30


Systolic blood pressure (mm Hg)


C


0


20


40


60


0 20 40 60 80


80


Risk index


D


95% CI


Figure 1: Relation between heart rate, age, systolic blood pressure, and the risk index, with mortality rate at 30 days in patients in
the derivation set
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Prediction of clinical events
Assessed as the area under the receiver operating
characteristic curve, the risk index strongly predicted
mortality at 30 days (c statistic=0·78). When categorised
into quintiles for convenient clinical use, the risk index
revealed a more than 20-fold gradient of increasing


mortality risk (figure 2). The risk index remained an
independent predictor of 30-day mortality (p<0·0001)
with an average 43% relative increase per each five-point
rise in the risk index after adjusting for the effects of
other major predictors of mortality identified in InTIME
II: myocardial infarction location; time to treatment;
Killip class; low bodyweight; and history of diabetes,
hypertension, or angina.4 Incorporated in the risk index,
the three factors of age, heart rate, and SBP accounted
for 86% of the prognostic information from a regression
model including each of these clinical predictors. 


The risk index was also a robust predictor of mortality
over a range of time points, including very early events
occurring within 24 h (c statistic=0·81) and hospital
discharge (c statistic=0·79, figure 2). In addition, the
risk index was associated with the probability of
developing new or worsening heart failure (p<0·0001,
c statistic=0·68) at 24 h and hospital discharge
(p<0·0001, c statistic=0·69). 


External validation
We tested the risk index in an independent population of
patients with STEMI from the TIMI 9A/B trials.
Stratification by the risk index groups defined in
InTIME II revealed a similar significant gradient of
mortality risk over 30 days (figure 3). The risk 
index showed both a high discriminatory capacity 
(c statistic=0·79), and excellent concordance between
the predictions based on InTIME II and the observed
30-day mortality rates in TIMI 9A/B (Pearson goodness-
of-fit statistic=2·83, p=0·7 indicating good fit of the
data). The risk index was again a strong predictor of
early death (figure 3) and heart failure; combining to
identify a greater than 30-fold gradient of risk for death
or heart failure during the index hospital admission
(0·7–22·6%, p<0·0001). 


Discussion
We have shown that combination of the three strongest
clinical predictors of mortality risk after presentation
with STEMI into a single risk index provides an effective
and very simple tool for rapid risk assessment. This
assessment can be done by any medical personnel using
data routinely collected at first contact with the patient,
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Characteristic Patients (n=13 253)


Demographics
Median (IQR) age (years) 61 (52–70)
Female 3292 (25%)
White 12 497 (94%)


Risk factors
Smoking status


Current 5960 (45%)
Past 3476 (26%)


Diabetes (type I or II) 1888 (14%)
History of hypertension 4096 (31%)


Cardiovascular history
Previous myocardial infarction 2122 (16%)
Peripheral vascular disease 687 (5%)
Cerebrovascular disease 124 (1%)


Presenting characteristics
Anterior myocardial infarction or LBBB 5841 (44%)
Killip Class II–IV 1624 (12%)
Median (IQR) heart rate (beats per min) 75 (65–87)
Median (IQR) systolic blood pressure (mm Hg) 140 (124–155)


LBBB=left bundle branch block.


Baseline characteristics of the derivation set from InTIME II


Figure 2: Risk of early mortality and mortality at 30 days
stratified by risk index quintiles
C statistic=0·76 when modelled as five individual risk groups.
Risk index quintiles are labelled Q1–Q5. p<0·0001.
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Figure 3: Risk index groups for predicting mortality in the 
TIMI 9 validation set 
C statistic=0·77 for 30-day mortality when modelled as five individual risk
groups. p<0·0001 after 24 h, hospital discharge, and at 30 days. Error
bars indicate 95% CI.
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whether it is in the home, an ambulance, or on initial
presentation in the emergency department. Calculation
of the risk index and use of a simple score card (panel)
allows patients to be categorised into five groups with a
risk of death ranging from less than 1% to more than
15% during the index admission.


Technological advances, such as improvements in
equipment for 12-lead electrocardiogram acquisition
and transmission, have expanded the initial data that can
be collected for patients with suspected acute myocardial
infarction and enabled decisions about triage and
therapy to be made much earlier in the care of patients
with STEMI. Prehospital electrocardiography and
assessment of eligibility for reperfusion therapy has been
shown to reduce time to treatment and could be
associated with improved survival.15 Practical clinical
tools such as the risk index are likely to prove useful in
refining initial risk assessment, thus contributing
additional data that could guide early clinical decision-
making. For example, prehospital personnel could
identify high-risk patients who might be appropriate
candidates for direct transport to tertiary facilities with
specialised resources, including immediate availability of
support for percutaneous coronary intervention. In
addition, assessment based on the risk index could be
used to forewarn receiving institutions, or in weighing
the potential risks and benefits of prehospital reperfusion
therapy.


We derived and validated the risk index in patients
eligible for fibrinolysis enrolled in clinical trials. Patients
ineligible for fibrinolysis, or excluded from clinical trials,
could be at higher risk of adverse outcomes.16,17


Assessment of the risk index in patients managed
without fibrinolysis will be important to assess the
quantitative risk estimates across the entire range of
patients with STEMI in routine clinical care. Future
investigation of the risk index should include testing in
an unselected population of patients with STEMI to
assess its applicability for widespread clinical use. Also,
the risk index is not intended for use in patients with
severe bradycardia (<50 beats per min) or tachycardia
(>150) who are otherwise recognisable as higher risk and
for whom specific interventions are often necessary.
There might be a higher proportion of patients with
severe bradycardia or tachycardia in the population and
in routine practice than those enrolled in InTIME II. 


Based on just three characteristics, the risk index does
not incorporate information available from other clinical
risk indicators. Moreover, the risk index was not
developed with the objective of deriving the best fitting
model in InTIME II, but rather to construct a measure
that is simple to calculate and provides reasonable
prognostic discrimination for a rapid risk assessment at
first medical contact. Establishing a more than 20-fold
gradient of risk for early events with high discriminatory


capacity, the risk index meets that objective, and is thus
a good initial rapid assessment. It is expected that
additional data obtained early after hospital arrival and
during the course of therapy will offer additional
important information that may be used to update the
clinician’s risk assessment. 


A simple risk index based on characteristics easily
assessed by any paramedical or clinical personnel
captures most of the information from more complex
tools. This convenient and effective tool is likely to be
useful in the rapid triage of patients with STEMI outside
the hospital or on first arrival in the hospital.
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Risk Risk Risk of death
index group 24 h In-hospital 30 days


�12·5 1 0·2 0·6 0·8
>12·5–17·5 2 0·4 1·5 1·9
>17·5–22·5 3 1·0 3·1 3·3
>22·5–30 4 2·4 6·5 7·3
>30 5 6·9 15·8 17·4


1) Calculate 2) Assign 3) Mortality estimate 
risk index* risk group (data from InTIME II)
*(Heart rate�[age/10]2)/systolic blood pressure; heart rate in beats per
min; systolic blood pressure in mm Hg.
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Clinical picture: Leopard-like vitiligo with
capecitabine


Monika-H Schmid-Wendtner, Clemens-M Wendtner, Matthias Volkenandt, 
Volker Heinemann


A 61-year-old woman presented with a 16-month history of rapidly progressing
vitiligo involving the face, neck, arms and legs. The vitiligo developed during
chemotherapy with mitoxantrone for metastatic breast cancer, which had been
diagnosed and first treated 15 years previously. Vitiligo persisted during treatment
with docetaxel. As the patient developed progressive conjunctivitis, chemotherapy
was changed to capecitabine, an oral prodrug of 5-fluorouracil (5-FU). 9 months
later she noticed repigmentation of her vitiligo in sun-exposed sites (figure). Clinical
examination found small brown, perifollicular macules on the patient’s hands, arms,
legs, and face which coalesced over a period of several weeks.


Intravenous 5-FU administration has been reported to cause pigmentation of
nails, tongue, palms, and soles as well as supravenous pigmention at the site of
infusions. Less common cutaneous side effects of systemic 5-FU are maculopapular
eruptions of palms, serpentine hyperpigmentations of the back, palmar
keratoderma, and folliculitis of the forehead. We have not seen perifollicular
repigmentations in vitiligo as a side-effect of systemic 5-FU therapy before, and
topical 5-FU has been suggested as a means by which to induce repigmentation.
5-FU might stimulate the growth of pigment cells derived from the hair follicles or
damage inhibitory agents within the epidermis that destroy pigment cells resulting in
vitiligo.


Department of Dermatology and Allerology, Klinikum Innenstadt, Ludwig-Maximilians University,
80337 Munich, Germany (M-H Schmid-Wendtner MD, C-M Wendtner MD, M Volkenandt MD);
Department of Hematology and Oncology, Klinikum Grosshadern, Ludwig-Maximilians University,
81377 Munich, Germany (V Heinemann MD)
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TATE-OF-THE-ART PAPER


iomarkers in Acute Cardiac Disease
he Present and the Future
llan S. Jaffe, MD,* Luciano Babuin, MD,* Fred S. Apple, PHD†
ochester and Minneapolis, Minnesota


The use of biomarkers to aid diagnosis and treatment is increasing rapidly as genomics and
proteomics help us expand the number of markers we can use and as an improved
understanding of the pathophysiology of cardiac disease guides their use. However, as with all
rapidly expanding fields, there is the risk of excessive enthusiasm unless we are circumspect
about the data that guide the clinical use of these new tools. This review focuses first on how
to use troponin, which at present is the best validated of the new markers, and will hopefully
provide insight into how to use this biomarker more productively by distinguishing subsets of
patients and by providing an understanding of the meaning of elevations in various clinical
situations. The review then discusses the use as well as the knowledge gaps associated with
emerging biomarkers such as B-type natriuretic peptide and C-reactive protein, which are
increasingly moving toward more productive clinical use. Finally, it reflects on some of the
large number of markers that are still in development. (J Am Coll Cardiol 2006;48:1–11)


ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.02.056

© 2006 by the American College of Cardiology Foundation
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n improved understanding of pathophysiology and im-
rovements in the ability to identify potentially important
iomarkers via genomics and proteomics (1,2) has led to a
roliferation in the number of biomarkers available to
linicians. Many of these improve our understanding of
athophysiology (3,4). However, the bias in favor of positive
eports combined with the fact that analyses often focus on
rognostic value allows for the possibility of not capturing
he entire picture when evaluating a new analyte. In addi-
ion, there are concerns regarding the analysis of data
ublished about these markers, including the use of inap-
ropriately low cutoff concentrations for standard biomark-
rs such as cardiac troponin (cTn) and C-reactive protein
CRP), the use of insensitive analytical methods for analytes
sed for comparison or as covariates, the use of single
amples when serial samples would be most useful, the lack
f information relating the timing of patient presentation
nd sampling, the use of specimens without data showing
hat they have been appropriately preserved, and the tech-
ique of using one biomarker at a predetermined concen-
ration and then performing receiver-operating curve anal-
sis to determine the optimal level for the new biomarker
eing studied (5). At times, populations of patients are
dmixed to show that a given biomarker does well when
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ompared with another when the marker used as a compar-
tor would never be abnormal in some of the populations
ncluded. An example of how much difference these
ssues can induce is shown in Figure 1 from the FRISC
FRagmin and Fast Revascularization during InStability
n coronary artery disease) database (6). Note that even at
value 20 times the upper limit of normal (0.2 ng/ml) for


TnT, only 60% of the values with the less sensitive assay
ere detected. Rather than troponin identifying 139 of


he 154 patients who eventually died, the point of care
roponin I assay identified only 98. Thus, a new marker
ight look very different depending on which troponin


ssay was used as a comparator. These issues, if not
andled carefully, can exaggerate the importance of new
arkers. Many of the new biomarkers will overlap


ubstantially, and their use likely will not be synergistic
ut duplicative. It will take some time to sort out which
iomarkers are of clinical diagnostic and/or prognostic
alue. Accordingly, this review will: 1) define the use of
he present state-of-the-art biomarkers for the diagnosis
f patients with acute cardiovascular disease; 2) touch on
arkers of historical interest whose use should be dimin-


shing or eliminated; and 3) identify emerging markers,
nd 4) identify biomarkers in the developmental stage.


STABLISHED BIOMARKERS


Tn. There is one biomarker that has been established for
iagnosis (7,8) and that also provides robust prognostic
nformation (9–11) and that is cTn. The cTn biomarkers,
ssuming high-quality analytic methods, whether for cTnI
r cTnT, are highly specific and sensitive for cardiac injury
12). With the exception of renal dysfunction (see later
ext), cTnI and cTnT provide equivalent clinical


nformation.
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SSAY-RELATED ISSUES. The cTn are regulatory proteins
ith both cytosolic and structural pools. Best data suggest


hat they are released because of necrosis (7,8). Early release
s thought to be attributable to the cytosolic pool, and later
elease to the structural pool (7,8). There are now a
ultiplicity of assays for cTnI (13), which makes standard-


zation problematic (14). All have different analytical sensi-
ivities. It is essential for clinicians to understand whether
hey use a highly sensitive assay or one that lacks sensitivity
t the cutoff concentrations used for clinical decisions. The
nternational Federation for Clinical Chemistry has pro-
ided a comparison of analytical imprecision (sensitivity) for
TnI assays (13). There is substantial heterogeneity of assay
ensitivities (Fig. 2). Different assays measure different
pitopes and different fragments of cTnI. Thus, there are
ifferences in the responses of specific assays to the various
roponin forms (15), and assays probably detect slightly
ifferent groups of patients, depending on the nature and
iming of cTn release. A list of assays and their cut off values
s included in Table 1. Recent data suggest that a subset of
atients may have antibodies to parts of cTnI that can result
n occasional false-negative results (16). The heterogeneity
f assays is not a problem for cTnT because there is only one
ssay. There is a need to improve the rapidity with which


igure 1. The percentage of values for cardiac troponin (cTn)T collected fr
ith less sensitivity and precision. Any cTnT value �0.01 ng/ml is abnor


Abbreviations and Acronyms
ACS � acute coronary syndrome
BNP � B-type natriuretic peptide
CK � creatine kinase
CRP � C-reactive protein
cTn � cardiac troponin
ECG � electrocardiogram
ESRD � end-stage renal disease
PCI � percutaneous coronary intervention

or cTnT, only 60% of the values with the less sensitive assay were detected. Thu
ied, the point-of-care assay identified only 98 patients. Reprinted, with permi

ssay results are available. Clinicians expect values in 30 to
0 min, laboratorians in 60 min, whereas in reality results
re often available only after 100 min or more (17).


SE OF THE MARKER. The basic science substrate for use of
Tn has been elucidated elsewhere (12,18). For clinical use,
everal principles are important.


The cTn elevations begin 2 to 4 h after onset of
ymptoms (Fig. 3). With the use of precise highly sensitive
ssays and the use of the 99th percentile reference cutoff
ecommended, cTn provides all the information needed for
he evaluation of patients who present with possible acute
schemic heart disease. Other “rapidly increasing biomarkers”
ave little or no utility if this approach is used (Fig. 4) (19).
Elevations of cTn persist for days (cTn 5 to 10, cTnT 5


o 14). There are emerging data suggesting that re-
levations and an increasing pattern are the best way to
etermine whether a given event is acute or whether the
levation is one from a previous event or is chronic. This
oncept is important when there is an elevation in the initial
ample, when reinfarction is suspected (20), and in patients
ith end-stage renal disease (ESRD), who can have chronic


levations.
The number of patients identified with cTn in patients


ith possible acute ischemic heart disease depends on the
ubset of patients being evaluated. Patients with ST-
egment elevation infarction are different from those with
igh-risk acute coronary syndrome (ACS) presentations and
rom those who manifest moderate-risk and/or low-risk
resentations (21).
Because of the sensitivity of cTn, elevations are common


n patients with a large number of acute and chronic
ardiovascular diseases. It is up to the clinician to decide
hether the presentation is one of acute ischemia. If so,


levations can make the diagnosis of acute myocardial infarc-
ion, as defined by the European Society of Cardiology/


e FRISC II study associated with elevated values for a point-of-care assay
ote that even at a value 20 times the upper limit of normal (0.2 ng/ml)

om th
mal. N

s, rather than troponin identifying 139 of the 154 patients who eventually
ssion, from James et al. (6). R-TnI � rapid troponin I.
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merican College of Cardiology (7,8). If acute ischemia is
ot present, alternative etiologies should be sought and
ifferent diagnoses made. A partial listing of situations in
hich cTn can be elevated in the absence of acute ischemic
eart disease is included in Table 2.
atients with ST-segment elevation myocardial infarc-


ion. Patients with acute ST-segment elevation myocardial
nfarction do not need biomarker measurements before
herapy. Patients with elevated cTn on presentation have a
ower rate of coronary recanalization, whether with throm-
olysis (10) or direct percutaneous coronary intervention
PCI) (22) and an adverse short-term and long-term prog-
osis (23,24). Part of this effect is related to the fact that it
akes time for cTn to become elevated in the blood, and


able 1. Presently Available Assays for Cardiac Troponin and
ey Values


Assay LLD 99th Percentile ROC Cutoff


bbott ARCH 0.009 0.012 0.3
bbott i-STAT* 0.02 0.08 (WB) ND
ayer Centaur 0.02 0.1 1.0
eckman Accu 0.01 0.04 0.5
iosite Triage* 0.19 �0.19 0.4
ade RxL 0.04 0.07 0.6–1.5
ade CS*† 0.03 0.07 0.6–1.5
PC Immulite 0.1 0.2 1.0
rthos Vitros 0.02 0.08 0.4
esponse* 0.03 �0.03 ND
oche Elecsys (cTnT) 0.01 �0.01 0.1
oche Reader* 0.05 �0.05 0.1
osoh AIA 0.06 �0.06 0.31–0.64


Point-of-care assay. †Cleared by the U.S. Food and Drug Administration as
igh-sensitivity assay, 2004.


99th � upper limit of normal and the ROC value equates cardiac troponin values
n general with creatine kinase-MB elevations; cTnT � cardiac troponin T; LLD �


igure 2. Sensitivity and precision of various cardiac troponin I (cTnI) assa
y the International Federation for Clinical Chemistry committee. (A to
etecting the lower values with reasonable precision. Reprinted, with perm

n
ower limit of detection; ND � not done; ROC � receiver-operating curve; WB �
hole blood.

atients who come in late do less well than patients who
ome in early. However, even when one corrects for time of
nset, the same prognostic effect is found (25). In one study
f patients with inferior infarctions, stenting seemed to
mprove the prognosis of this group (26).


Infarct size can be estimated from the 72-h troponin
alue. The data are stronger for this approach with cTnT
han with cTnI (27,28). For cTnI, peak levels work better
29,30), but the data vary depending on whether or not
here has been acute reperfusion (29).


igh-risk patients with ACS. This group has been exten-
ively studied. Patients often are elderly, and have chest pain
t rest, transient electrocardiogram (ECG) changes, increas-
ng symptoms or signs of ischemia, evidence of hemody-
amic instability, and/or arrhythmias. They have a high


ncidence of elevated cTn when one uses the 99th percentile
eference range (31,32). They meet criteria for non–ST-
egment elevation myocardial infarction (7,8,12). The ele-
ated cTn defines a high-risk subset and provides guidance
n regard to therapy. Patients with elevated cTn have more
rocoagulant activity and an adverse coronary anatomy as


udged by the degree and extent of angiographic stenosis,
he Thrombolysis In Myocardial Infarction (TIMI) grade of
erfusion, and the complexity of the coronary lesions (33).
s such, these patients do better with the use of low-
olecular-weight heparin (34), IIb/IIIa anti-platelet agents


35), and an early invasive interventional strategy (36). Most
f the trials of IIb/IIIa agents were done before the routine
se of clopidogrel. Recent data suggest that these agents
ay be synergistic (37). Clopidogrel is the one agent that


ccrues benefit to patients whether or not cTn values are
levated (38). These more aggressive therapies not only are


rovided by measurements made by the manufacturers from pools provided
creasing concentrations of cTnI. Note that many assays are incapable of


n, from Panteghini et al. (13). CV � coefficient of variation.

ys as p

ot beneficial but in some studies seem to even be detri-
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ental if applied to patients without cTn elevations. The
ne area where there is some question comes from the
ACTICS–TIMI-18 (Treat Angina with Aggrastat and
etermine Cost of Therapy with an Invasive or Conserva-


ive Strategy–Thrombolysis in Myocardial Infarction-18)
tudy, in which based on one admission sample for cTn, it
as claimed that female patients with elevations in B-type
atriuretic peptide (BNP) and/or CRP benefited from an
arly invasive strategy even if cTn were normal (39).
ndeterminate- and low-risk patients. This patient group is
ard to triage clinically. They may not have rest pain or
ngoing pain, may have normal ECGs, and depending on
he specifics, may be at intermediate or low risk. The
requency of elevated cTn is lower, nonetheless, these


igure 3. Time course of the appearance of various markers in th
oncentrations/activity curves for myoglobin and creatine kinase (CK) i
ith cardiac troponin some patients have a second peak in addition. C

igure 4. Sensitivity of cardiac troponin (cTn)I compared with myoglobin and c
se of the 10% coefficient of variation (0.1 ng/ml) were superior to the use of m

atients benefit optimally from triage with cTn. The most
obust trial was one by Hamm et al. (40) in 733 patients.
lmost every patient at short-term risk (30 days) was


dentified by elevations in cTn. Two caveats are important.
irst, cTn value had to have been obtained at least 6 h after


he onset of symptoms. This may be less necessary now with
ore sensitive assays. The second caveat is related to


ensitivity. Detectability was considered abnormal. We now
ave more sensitive assays, which should make for even
reater predictive accuracy. Even for patients at low risk, the
nding of an elevated cTn is prognostic. Some studies
howing this prognostic effect were not done with contem-
orary assays, which now allow for lower clinical cutoffs.
ne would suspect that the data would be even more


od after acute myocardial infarction (AMI). Shown are the time
ms, troponin after large and small infarctions, and CK-MB. Note that
coefficient of variation.

e blo

reatine kinase (CK)-MB for the detection of myocardial injury. Note the
yoglobin. Reprinted, with permission, from Eggers et al. (19).
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mpressive with this approach. Nonetheless, in a cohort at
ow risk (a 5% to 7% incidence of acute myocardial infarc-
ion) whose ECGs are mostly normal, an elevated cTn is
ssociated with nearly a 90% frequency of coronary artery
isease by angiography (41). This was compared with a
requency of 23% in the group without elevations. It is likely
hat the additional patients who had angiographic disease
ay have been detected had the more sensitive cTn assays


nd low cutoffs been used. During 1-year follow-up, pa-
ients with elevated cTn values, two-thirds of whom had


able 2. Elevations of Troponin in the Absence of Overt
schemic Heart Disease


rauma (including contusion, ablation, pacing, implantable cardioverter-
defibrillator firings including atrial defibrillators, cardioversion,
endomyocardial biopsy, cardiac surgery, after interventional closure
of atrial septal defects)


ongestive heart failure—acute and chronic
ortic valve disease and hypertrophic obstructive cardiomyopathy with
significant left ventricular hypertrophy
ypertension
ypotension, often with arrhythmias
ostoperative noncardiac surgery patients who seem to do well
enal failure
ritically ill patients, especially with diabetes, respiratory failure
rug toxicity, e.g., adriamycin, 5-fluorouracil, herceptin, snake venoms
ypothyroidism
pical ballooning syndrome
oronary vasospasm


nflammatory diseases, e.g., myocarditis, e.g., Parvovirus B19, Kawasaki
disease, sarcoid, smallpox vaccination, or myocardial extension of
bacterial endocarditis


ost-percutaneous coronary intervention patients who seem to have no
complications


ulmonary embolism, severe pulmonary hypertension
epsis
urns, especially if total body surface area is �30%


nfiltrative diseases including amyloidosis, hemachromatosis, sarcoidosis,
and scleroderma


cute neurological disease, including cerebrovascular accident,
subarachnoid bleeds


habdomyolysis with cardiac injury
ransplant vasculopathy
ital exhaustion

igure 5. Cardiac events after emergency department discharge based on leve
t al. (42).

wo- or three-vessel disease, had an increased frequency of
vents. These data are similar to those from emergency
oom studies of patients who had “minor elevations” of cTn
Fig. 5) (42). Some degree of caution is necessary in all of
hese situations. A normal troponin value is not an impri-
atur against disease, especially if the assay in use is either


nsensitive or is used at a high cutoff value.
atients with chronic renal disease. The most common
ause of death in chronic renal failure is cardiovascular, and
oronary artery disease is common. The cTn values, espe-
ially with cTnT, are often abnormal (43,44). Initially, this
as presumed to be because cTnT was less tissue specific.
owever, extensive studies have now been done to show


hat this is not the case (45). Nonetheless, the frequent
TnT elevations (30% to 70% of ESRD patients compared
ith �5% in similar patients for cTnI) are problematic to


linicians (43,44). Several suggestions may be helpful.
In patients with an ACS, an elevated cTn, whether cTnI


r cTnT, should be treated as if renal failure (chronic or
cute) were not present (46). These patients are at increased
isk. Although all of the therapeutic caveats cannot be
pplied from all of the studies, many of which had only
imited numbers of patients with ESRD, it seems likely that
hese individuals also would benefit from an aggressive
ntithrombotic (47) and interventional approach (48).


For patients with ESRD who do not have ACS but have
levated cTn, several approaches are helpful; cTnT is now
pproved for prognostication in patients with ESRD. Thus,
aseline values can and should be obtained. The prognosis
all-cause death) of patients with ESRD and even minor
levations of cTnT is two to five times higher than those
ith undetectable values (49,50). C-reactive protein may


urther improve prognostication (50,51). Having a baseline
alue allows not only for prognostication but also for an
valuation of whether or not values are changing over time.
ncreasing values suggest an acute problem. In the absence
f increasing values, when a clinician does not find evidence
f an acute process known to cause elevations of cTn, one is
robably safe to consider these more chronic elevations.

ls of cardiac troponin T. Reprinted, with permission, from Henrikson
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hese patients may require alteration in a variety of thera-
ies to improve their prognosis, but may not require acute
reatment. The putative mechanisms for these chronic
levations, which are invariably associated with pathologic
bnormalities at autopsy (52), include endothelial dysfunc-
ion, acute cardiac stretch, intradialysis hypotension and
ypertension, the use of iron sucrose, and left ventricular
ypertrophy. All are potentially benefited by altering the
requency of dialysis, the weight gain (fluid control), and the
lood pressure control. Given the high incidence of coro-
ary disease, some of these patients may have occult
nderlying coronary artery disease. Elevations of cTn in
atients with renal dysfunction but without ESRD are
ommon but likely attributable to the association of other
omorbidities and probably cannot be considered the same
s those seen in ESRD patients.
atients after PCI. Elevations of creatine kinase (CK)-MB
fter PCI presage adverse outcomes (53). The greater the
levation, the more adverse the prognosis. This has not
onsistently been the case with cTn. However, one would
uspect that it should be. There should, for each cTn assay,
e values that correlate with the CK-MB values. However,
his relationship may need to be confirmed with each assay
or each biomarker (CK-MB and troponin) in use locally.
ecent data suggest that many of the elevations observed


fter PCI both for cTn and CK-MB are presaged by
levations in cTn when sensitive assays and lower cutoff
alues are used (54). Thus, they could reflect ongoing
yocardial damage that has little to do with the procedure


tself or identify patients with a high likelihood or post-PCI
arker elevation. Patients who present with ACS who have


Tn elevations manifest worse angiographic disease and an
dverse prognosis. It may be that CK-MB not being
levated, because it is less sensitive compared with cTn, is
eductive to clinicians who believe it can be used as a
aseline; however, the effect may be the same. Thus, it is
nclear how to use either biomarker in patients who present
cutely or have an elevated cTn pre-procedure. If the
aseline cTn is normal pre-PCI and the patient has not
resented acutely, cTn and CK-MB values after PCI will likely
e informative about the procedure itself and elevations are
ssociated with early major adverse cardiac events (54).
atients after coronary artery bypass grafting. Patients
ho undergo cardiac surgery have some amount of cTn and
K-MB release (55). The higher the value, the worse the


ssociated injury, and high values presage subsequent events,
ncluding death. Elevations have been related to the surgical
pproach, the extent of cross-clamp and bypass time, the
ature of cardioplegia, and the nature of the procedure
valves and coronaries vs. coronary artery bypass grafting
lone). Magnetic resonance imaging studies suggest that
ost of the injury is subendocardial and apical (56). Graft


cclusion (57) as a cause of the injury does not seem to be


ommon. t

atients who present with chest pain who have normal
ngiograms. One needs to be cautious in evaluating pa-
ients with elevated cTn even if an angiogram does not show
ignificant coronary disease. The coronary angiogram is not
erfect (58). In the TACTICS–TIMI-18 trial, individuals
ith an elevated cTn despite angiographically normal cor-
nary arteries had an adverse prognosis (59). This may
eflect the inadequacies of the angiogram or may be related
o the late angiography in some patients (60). In some data
ets, elevated cTn has been associated with asymmetric
esions that tend to be vasoactive (61). Thus, the finding of
ngiographically “normal” coronary arteries needs to be
nterpreted within the context of patient care. If the patient
oes not have an ACS but appears acutely ill, there are a
ariety of other etiologies, such as pulmonary embolism and
ongestive heart failure, in which even in the absence of
oronary artery disease elevated cTn can be observed (these
levations may be related to wall stress); patients who may
ave subendocardial ischemia/injury related to left ventric-
lar hypertrophy with diseases such as aortic stenosis or
ypertrophic cardiomyopathy or perhaps even severe hyper-
ension; myocarditis; and/or toxic insults such as seen with
epsis, in which tumor necrosis factor alpha and heat shock
rotein have been impugned as potential cardiac toxins.


OTENTIALLY OUTDATED MARKERS


K-MB. Creatine kinase-MB (18) is a cytosolic carrier
rotein for high-energy phosphates. As clinicians become
ore comfortable with cTn, it will have a diminishing role.


ome would argue that it still could be used to define infarct
iming or after PCI.


yoglobin and CK isoforms. Myoglobin, a ubiquitous
eme-related protein, and CK isoforms (18) have been used
ith the hope of shortening the time to a more definitive
iagnosis in patients with chest pain. They have been relied
n particularly for their negative predictive value. Recent
ata suggest that with modern contemporary sensitive assays
nd sensitive cutoffs for cTn, cTn can assume this role (19).
n the emergency room, where patients at low risk for
ardiovascular disease are still screened with cardiac bio-
arkers, it has been suggested that myoglobin may identify


dditional patients at risk. This is likely because of detection
f serious noncardiovascular disease (62).


MERGING MARKERS


or a marker to be useful, it needs to make a diagnosis or to
efine prognosis in such a way that it guides therapy. In this
egard, there are two emerging markers, CRP and the
atriuretic peptides BNP and NT-proBNP.
RP. ASSAY-RELATED ISSUES. C-reactive protein is an


cute-phase reactant protein made in the liver. Its most
roximate stimulator is interleukin 6. A specific receptor for
RP has recently been reported (63). There is controversy


egarding the variability of CRP levels (64,65). Some argue


hat in the absence of acute illness, including myocardial
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njury, levels of CRP are stable. Others argue that levels
uctuate and vary by gender and ethnicity (66). If one has an
levation and is acutely ill or has evolving infarction, the test
hould be repeated at least 2 weeks later (64). Values above
0 mg/l are likely caused by acute disease (67). Values �3 mg/l
re associated with higher risk, and values �1 mg/l are
ssociated with low risk (64). Those between 1 and 3 mg/l are
onsidered intermediate (64). Multiple assays exist for CRP
designated high-sensitive CRP or hsCRP), and most give
omparable results.


SE OF THE MARKER. Recent data from the PROVE-IT
Pravastatin or Atorvastatin Evaluation and Infection Ther-
py) trial (68), which are consistent with those from the
EVERSAL (Reversal of Atherosclerosis with Aggressive
ipid-lowering Therapy) trial (69,70), suggest that the


itration of statin therapy predicated on CRP values would
esult in fewer events and regression of atherosclerosis. They
robably explain why in prior studies an elevated CRP level
as found to be prognostic for late events after presentation
ith ACS (71). In those studies, the changes in prognosis


nd extent of disease associated with differences in CRP
ere not associated with the effects observed with low-
ensity lipoprotein lowering (Fig. 6) (68). Differences in
vents started early after presentation. It seems that using
RP values as early as 30 days after infarction to avoid the


ffects of myonecrosis on CRP may be a reasonable ap-
roach. These trials did not titrate therapy based on CRP,
hich make the data provocative and suggestive but not
efinitive. Elevations of CRP often are related to numerous
ther clinical issues, such as obesity, diabetes, estrogen
herapy, hypertension, smoking, etc. Thus, an argument
ould be made that one should attempt to control these risk
actors before resorting to pharmacology.


The use of CRP for primary prevention is more contro-
ersial. There are abundant data concerning its prognostic
fficacy, but limited data showing that interventions are of
enefit save a suggestion in regard to aspirin (72) and statins
73). Given the large numbers of patients at risk, it is

igure 6. Synergistic prognostic value of C-reactive protein (CRP) and low-den
rom Ridker et al. (68). MI � myocardial infarction.

ifficult to show the cost effectiveness of this approach.
ecent guidelines have suggested the use of CRP in patients
ho are at intermediate risk for coronary artery disease to


ssist in defining the level of aggression of risk factor
ntervention (74).


NP. ASSAY-RELATED ISSUES. B-type natriuretic peptide
s a 32-amino-acid counterregulatory peptide released in
esponse to cardiac stretch. It is synthesized as a pro peptide
nd then cleaved to the active moiety by a protease called
orin (75,76). There are multiple immunoassays (75,76). In
eneral, they have similar diagnostic cutoff values of 100
g/ml for congestive heart failure, because this has been the
alue developed in early diagnostic studies. Above and
elow that value, they correlate less well (76). In addition,
here is an immunoassay for NT-proBNP (75,76), which
etects the 76 amino acid carrier protein, which with the
ctive 32 amino acid compound is called proBNP. This
rotein is thought to be cleaved when BNP is secreted.
owever, it seems that some proBNP circulates, and it is


ikely that many assays detect it. In addition, for both of
hese analytes, women and older individuals have higher
alues (69) and obese individuals have lower values (77)
Fig. 7). Patients with renal failure often have substantially
igher values (78). This increase is more accentuated for
T-proBNP. Both BNP and NT-proBNP manifest sub-


tantial biological variability (79). If formal values are relied
n, values have to either double or half to be sure that a
real” change has occurred.


SE OF THE MARKER. The BNP and/or NT-proBNP val-
es are helpful for the detection of congestive heart failure in
atients in whom one is unsure of the cause of dyspnea (80).
his is not the same as advocating its routine use (81). For
NP, values �100 ng/l make heart failure unlikely with a
egative predictive value of 90%. If the value is �500, heart
ailure is highly likely with a positive predictive value of 90%
82). For NT-proBNP, levels �450 ng/l for patients �50
ears of age and �900 ng/l for patients �50 years of age are
ensitive and specific for heart failure (83). If the value is

sity lipoprotein (LDL) in PROVE-IT study. Reprinted, with permission,
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300 ng/l, heart failure is highly unlikely with a negative
redictive value of 99% (83). However, in the middle
anges, the predictive accuracy is less and that is likely
here many of the less typical patients’ values will reside.
atients with right-sided heart failure, sepsis, volume
verload, stroke, and left ventricular hypertrophy also
ave higher values. In patients with acute pulmonary
dema and acute mitral regurgitation, values may not be
levated initially (82).


There is prognostic value of BNP and NT-proBNP as
ell in patients with heart failure (84,85). Patients with
igher values on admission and/or discharge to hospital
enerally do worse. Those with marked reductions during
reatment do better. However, the percentage changes with
herapy are less than anticipated and often less than biolog-
cal variability, suggesting that the natriuretic peptide sys-
em may require some time to upregulate and downregulate
86). In addition, in critically ill heart failure patients, low
alues are predictive of an adverse survival (87).


The BNP and NT-proBNP do not go down nearly as
apidly in response to therapy as one would expect from the
hort (20 min for BNP and 2 h for NT-proBNP) half-lives
86). This may relate to the time needed for the system itself
o autoregulate.


In ACS patients, BNP and NT-proBNP elevations are
rognostic for death in all studies, but the data are not
onsistent for recurrent myocardial infarction. When one
as a conjoint end point such as death, one can be
onfounded in evaluating myocardial infarction, however.
ecause so many studies have used optimized cutoff
alues for their own data sets, there is no consensus on the
roper cutoff values. In addition, what actions should be
redicated on elevated values are unclear (88,89). The only
rial in which it seemed that there was therapeutic guidance
ssociated with elevated values was the TACTICS–
IMI-18 study, in which women with elevated BNP or


Figure 7. Effect of weight on B-type natriuretic peptide (BNP) levels. R

RP values seemed to benefit from early PCI even if they i

ad normal cTn values (39). If a strategy to treat such
Tn-negative patients could be developed, this could
rove to be an important adjunct to the evaluation of
atients who present with ACS.
Higher BNP values identify patients with ACS who are


t higher risk, but what to do in response is unclear.
levated values also predict an adverse outcome in stroke,
bstructive sleep apnea, diabetes, left ventricular hypertro-
hy, and stable coronary artery disease.
Thus, the questions regarding what are the appropriate


utoffs in the varied situations in which BNP and NT-
roBNP might be used and what one does when one
xceeds those cutoffs is unclear. Until these issues are better
efined, enthusiasm for the routine use of BNP or NT-
roBNP will be blunted.


EVELOPING MARKERS


CD40 ligand. sCD40 (90) is a signaling protein that
eflects both inflammatory and platelet interactions with the
laque. Increased sCD40 ligand has been shown in patients
ith ACS. Moreover, articles have suggested that is has
rognostic significance in these patients. Several of the
tudies have used high cutoff values for cTn or insensitive
ssays. A multiplicity of analytic issues remain.


yeloperoxidase. Myeloperoxidase (90), a degranulation
roduct, comes from white cells. Elevations occur even
hen values are obtained from the coronary effluent drain-


ng a nonculprit coronary vessel. Systemic levels have been
aid to aid in prognostication in patients presenting to the
mergency department with chest pain, but comparisons
ave often used high cTn cutoff values or only the admission
roponin level. Recently, a commercial assay has been made
vailable.
schemia-modified albumin. Ischemia-modified al-
umin (90) has been touted as a way to detect ischemia even


ed, with permission, from Krauser et al. (77). BMI � body mass index.

f necrosis is not present. The theory is that the metal
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inding site on the amino terminus of albumin is damaged
y ischemia. It is marketed for its “negative predictive
alue.” It has been difficult to validate ischemia-modified
lbumin because of the lack of a gold standard for ischemia.
n addition, the assay is cumbersome to use.
regnancy-associated plasma protein-A. A member of


he insulin-like growth factor family of proteins, pregnancy-
ssociated plasma protein-A (90) is thought to be released
hen neovascularization occurs and thus may be a marker of


ncipient plaque rupture. It does not correlate with any of
he presently available markers of cardiac injury. It has in
ome studies seemed to identify patients at risk for subse-
uent events. There is no available standardized assay.
holine. Choline (90) is a biomarker that is released when
hospholipids are cleaved, which suggests that perhaps it
ould be a marker of ischemia and/or necrosis. Several
tudies suggest that the marker might improve prognosti-
ation in patients with ACS, but high cutoff values for cTn
ave generally been used.
lacental growth factor. Placental growth factor (90) is a
ember of the vascular endothelial growth factor family


hat has been touted by some but not others to be prognostic
n patients with ACS. Some of the positive studies have not
sed appropriate cTn cutoff values. There is no standard
ssay for placental growth factor.
ystatin C. This biomarker is a low-molecular-weight
asic protein (13 kDa) that is freely filtered and metabolized
fter tubular reabsorption. It seems that it is less influenced
y age, gender, and muscle mass than serum creatinine.
here is a U.S. Food and Drug Administration-cleared


ssay that is analytically robust. Some studies suggest that it
s useful for prognostication in heart failure (91,92) and
CS (93), and that would make sense given that it is well


ccepted that renal function is a critical determinant of
rognosis. It seems that there is an influence of inflamma-
ion of the marker that may complicate its use.
atty acid binding protein. Fatty acid binding protein is


apidly released after infarction and thus has been touted as
n alternative to myoglobin. It has been reported to perform
etter (94), but it still lacks cardiac specificity. There are no
.S. Food and Drug Administration-approved assays.
onclusions. The present and future for cardiac biomark-


rs is exciting. In the near future, many of these biomarkers
ill provide important new insights into pathophysiology


nd aid in the diagnosis and management of cardiovascular
atients. We are likely to be able to multiplex assays,
ersonalizing biomarker strategies and providing large num-
ers of values quickly and cheaply. There is great enthusi-
sm for such a multimarker approach. However, before we
mplement such a strategy, we must overcome poorly done
et enthusiastic limited reports (5), so that what is eventu-
lly recommended will work optimally clinically. In the
nterim, to provide optimal clinical care, clinicians need to
earn more about the biomarkers that they rely on in current
linical practice, i.e., cTn, natriuretic peptides, and CRP,


oth analytically and clinically.
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TIMI Risk Score for ST-Elevation Myocardial Infarction: A
Convenient, Bedside, Clinical Score for Risk Assessment


at Presentation
An Intravenous nPA for Treatment of Infarcting Myocardium Early II


Trial Substudy


David A. Morrow, MD; Elliott M. Antman, MD; Andrew Charlesworth, BSc; Richard Cairns, BSc;
Sabina A. Murphy, MPH; James A. de Lemos, MD; Robert P. Giugliano, MD, SM;


Carolyn H. McCabe, BS; Eugene Braunwald, MD


Background—Considerable variability in mortality risk exists among patients with ST-elevation myocardial infarction
(STEMI). Complex multivariable models identify independent predictors and quantify their relative contribution to
mortality risk but are too cumbersome to be readily applied in clinical practice.


Methods and Results—We developed and evaluated a convenient bedside clinical risk score for predicting 30-day
mortality at presentation of fibrinolytic-eligible patients with STEMI. The Thrombolysis in Myocardial Infarction
(TIMI) risk score for STEMI was created as the simple arithmetic sum of independent predictors of mortality weighted
according to the adjusted odds ratios from logistic regression analysis in the Intravenous nPA for Treatment of Infarcting
Myocardium Early II trial (n514 114). Mean 30-day mortality was 6.7%. Ten baseline variables, accounting for 97%
of the predictive capacity of the multivariate model, constituted the TIMI risk score. The risk score showed a.40-fold
graded increase in mortality, with scores ranging from 0 to.8 (P,0.0001); mortality was,1% among patients with
a score of 0. The prognostic discriminatory capacity of the TIMI risk score was comparable to the full multivariable
model (c statistic 0.779 versus 0.784). The prognostic performance of the risk score was stable over multiple time points
(1 to 365 days). External validation in the TIMI 9 trial showed similar prognostic capacity (c statistic 0.746).


Conclusions—The TIMI risk score for STEMI captures the majority of prognostic information offered by a full logistic
regression model but is more readily used at the bedside. This risk assessment tool is likely to be clinically useful in
the triage and management of fibrinolytic-eligible patients with STEMI.(Circulation. 2000;102:2031-2037.)


Key Words: coronary diseasen prognosisn myocardial infarctionn mortality n risk factors


Considerable variability in short-term mortality risk exists
among patients with ST-elevation myocardial infarction


(STEMI) who receive fibrinolytic therapy.1,2 Careful risk
assessment for each patient informs decisions regarding
therapeutic interventions, triage among alternative levels of
hospital care, and allocation of clinical resources. Algorithms
that aid clinicians in assessing prognosis may therefore be
useful in guiding management and in providing valuable
information for patients and their families. To be practical
clinically, a risk stratification tool should be simple and easily
applied at the bedside and should make use of clinical data
that are routinely available at hospital presentation. However,
to perform accurately, the tool should use data that offer
independent prognostic information and must take into ac-
count the complex profile of patients with multiple risk


factors. A risk model satisfying these objectives could also be
useful in adjusting for baseline risk in epidemiological
studies, such as those examining variation in practice pat-
terns, provider types, or specific therapies.3–5


Sophisticated multivariable models developed for the pre-
diction of mortality among patients with STEMI identify
independent clinical predictors and quantify their relative
contribution to mortality risk.6 Although such models offer
important insight into the relationships between clinical data
and prognosis, they are not readily applied in routine clinical
practice. Therefore, we developed a clinical risk score that
can be calculated easily at the bedside but is derived from a
comprehensive multivariable analysis in a well-characterized
population of nearly 15 000 patients with STEMI from the
Intravenous nPA for Treatment of Infarcting Myocardium
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Early II (InTIME II) trial. The prognostic performance of the
Thrombolysis in Myocardial Infarction (TIMI) risk score for
STEMI was then compared with that of other risk models and
validated in an external data set composed of nearly 3700
patients with STEMI.


Methods
Study Population
The InTIME II trial enrolled patients with STEMI within 6 hours of
symptom onset at.800 hospitals worldwide and assigned them to
therapy with aspirin, heparin, and either the bolus fibrinolytic
lanoteplase or alteplase. Eligible participants were aged$18 years
and exhibited chest pain and ST elevation or left bundle branch block
on the qualifying ECG. Exclusion criteria included any history of
cerebrovascular disease, a systolic blood pressure of.180 mm Hg,
a diastolic blood pressure of.110, cardiogenic shock, or increased
risk of severe bleeding. The InTIME II protocol was approved by the
institutional committee on human research at each of the participat-
ing centers.


Clinical End Points
Vital status was assessed through 30 days and every 6 months until
trial completion. The primary end point of the trial was death from
any cause within 30 days of randomization. Mortality data after
discharge were obtained through telephone follow-up or outpatient
visitation.


Statistical Analysis
Performance of the multivariate analysis and derivation of the risk
score were based on patients with complete baseline data (93.7%),
with subsequent reevaluation in the full population. Univariate
relationships between baseline characteristics and 30-day mortality
were assessed by logistic regression analysis. Thresholds for cate-
gorization of continuous variables were determined graphically and
were based on prevalence in the population. Independent predictors
of 30-day mortality were identified by stepwise logistic regression.
All baseline variables entered the initial model and were maintained
if P,0.05.


Selection of independent predictors for inclusion in the TIMI risk
score for STEMI was based on their relative prognostic contribution
in the full logistic regression model. Variables were ranked byz
score, and those with the least contribution were sequentially
removed from the model until reaching 10 variables that captured
97% of the overall prognostic information from the full multivariate
model (evaluated as a ratio of the globalx2 statistic from the reduced
compared with full model). For each patient, the TIMI risk score for
STEMI was calculated as the simple arithmetic sum of point values
assigned to each risk factor based on the multivariate-adjusted risk
relationship: 1 point for odds ratio (OR) 1.0 to,2, 2 points for OR
2.0 to 2.5, and 3 points for OR.2.5. Age was weighted in 2 strata,
with 2 points for an age range of 65 to 74 years and 3 points for ages
$75 years. The 3 historical variables that remained in the model
(diabetes, history of angina, and history of hypertension) had risk
relationships of similar magnitude and were combined to form a
single composite variable.


The discriminatory capacity of the risk score was assessed by
using the area under the receiver operating characteristic curve (c
statistic) as an index of model performance.7 The c statistic reflects
the concordance of predictions with actual outcomes in rank order,
with a c statistic of 1.0 indicating perfect discrimination.7 The
prognostic performance of the TIMI risk score was compared with
the full multivariable model as well as 2 previously described risk
models.6,8 The reliability of risk score prediction was also evaluated
by comparing the observed mortality rates with those predicted by
the risk score across deciles of risk established by dividing patients
according to predicted mortality from the multivariate model and
then determining the actual mortality for each group.6 Risk score
categories were collapsed (eg,.8) when the prevalence of a given


score was,1%. For evaluation of the risk score in the full
population, missing variables contributed a point value of 0 to the
total score. A value ofP,0.05 was considered significant. Analyses
were performed by use of S-PLUS (version 3.4, MathSoft) and SAS
(version 6.12, SAS Institute).


Validation Set
The TIMI Risk Score for STEMI was assessed in an external data set
from the TIMI 9 trial. TIMI 9A and 9B were multicenter randomized
trials evaluating the safety and efficacy of hirudin as an adjunct to
fibrinolytic therapy (tissue plasminogen activator or streptokinase at
the physician’s discretion).9,10The combined database included 3687
patients with vital status established at 30 days.


Results
The InTIME II database included 15 078 patients enrolled
between July 1997 and November 1998. Vital status through
30 days was available for 15 060 (99.9%) of patients, with
full baseline clinical data available for 14 114. The baseline
characteristics are summarized in Table 1. At 30 days after
study entry, 6.7% of patients had died, 5.2% had suffered a
recurrent acute myocardial infarction, and 26.2% had under-
gone revascularization. Of the total deaths by 30 days, 36%
occurred in the first 24 hours, 56% by 72 hours, and 91% by
hospital discharge (mean length of stay 10.5 days).


Predictors of Mortality
Each of the baseline clinical characteristics was evaluated as
a univariate predictor of mortality (Table 1). When all of the
candidate variables were assessed simultaneously in multi-
variate analysis, 16 remained significant predictors of mor-
tality (Figure 1). Assessed by the area under the receiver
operating characteristic curve (concordance of the predictions
with actual outcomes), the full 16-variable regression model
demonstrated a strong discriminatory capacity (c statistic
0.784). Ten characteristics accounted for 97% of the predic-
tive capacity of the multivariate model and were selected for
inclusion in the TIMI risk score for STEMI (Figure 1), with
the 3 historical characteristics (diabetes, history of hyperten-
sion, and prior angina) subsequently grouped as a composite
variable (adjusted OR 1.6, 95% CI 1.4 to 1.9).


Figure 1. Independent predictors of 30-day mortality. Variables
were ranked by z score, with those above dashed line selected
for TIMI risk score for STEMI. Proportion of prognostic informa-
tion captured by variables enclosed by braces is shown to the
left. MI indicates myocardial infarction.
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TIMI Risk Score for STEMI
The TIMI risk score for STEMI (Figure 2) showed a strong
association with mortality at 30 days, with a.40-fold graded


increase in mortality between those with a risk score of 0 and
those with a score.8 (P(trend),0.0001). At the high end, a
score.5 identified 12% of patients with a mortality risk
.2-fold higher than the mean for the population. In contrast,
the 12% of patients with a risk score of 0 had a mortality rate
,1%. Discriminating among the lower risk groups, nearly
two thirds of the population had risk scores of 0 to 3, with a
5.3-fold gradient in mortality over this range (P,0.0001,
Figure 2).


The TIMI risk score demonstrated a strong predictive
capacity, comparable to the full multivariable model (c
statistic 0.779 versus 0.784). The reliability of the TIMI risk
score predictions were assessed by comparison with the
observed mortality rates across the population divided into
deciles of risk. Excellent concordance of the risk score
predictions with observed mortality rates was evident (corre-
lation coefficient 0.994).


Comparison With Other Models
To evaluate the TIMI risk score in the context of previ-
ously developed models, we tested the performance of
the logistic regression equation developed in the Global
Utilization of Streptokinase and t-PA for Occluded Arter-
ies (GUSTO)-I trial6 as well as an unweighted risk score
derived in the TIMI 2 trial8 in the InTIME II data set. The
TIMI risk score offered prognostic capacity comparable to
both the multivariable model from GUSTO-I (c statistic
0.803) and the risk score from TIMI 2 (c statistic 0.753).


Predictive Consistency and Validation
The prognostic capacity of the TIMI risk score was stable
over multiple time points, ranging from 24 hours to 365 days
after presentation (Table 2). Furthermore, the discriminatory
capacity of the model remained good for prediction of 1-year
mortality among 30-day survivors (c statistic 0.725, Figure
3). Notably, the proportion of deaths occurring by 30 days
increased with ascending TIMI risk score, ranging from 44%
among those with a score of 0 to 77% for those with risk
scores.8 (P(trend),0.0001).


The risk score was predictive of 30-day mortality among
important subgroups, such as men and women and smokers


TABLE 1. Univariate Risk of 30-Day Mortality Stratified by
Presenting Characteristics


Overall
Population


(n515 060)
OR


(95% CI) P


Demographics


Age, y 62 (52, 70)


.75 y 2 068 (13.7) 4.4 (3.9–5.1) ,0.0001


.65 y 6 307 (41.9) 4.9 (4.2–5.7) ,0.0001


Female 3 717 (24.7) 2.2 (1.9–2.5) ,0.0001


Weight, kg 77 (69, 86)


,67 kg 2 887 (19.2) 2.0 (1.7–2.3) ,0.0001


White 14 234 (94.5) 0.8 (0.6–1.0) 0.09


Risk factors


Smoking status


Current 6 738 (44.7) 0.4 (0.4–0.5) ,0.0001


Past 3 972 (26.4) 1.2 (1.1–1.4) 0.006


Never 4 274 (28.4) 1.9 (1.7–2.2) ,0.0001


Diabetes 2 095 (13.9) 1.7 (1.5–2.0) ,0.0001


History of hypertension 4 583 (30.4) 1.7 (1.5–1.9) ,0.0001


Cardiovascular history


Prior myocardial infarction 2 410 (16.0) 1.8 (1.5–2.1) ,0.0001


Peripheral vascular disease 782 (5.2) 1.9 (1.5–2.3) ,0.0001


Cerebrovascular disease 145 (1.0) 2.1 (1.3–3.5) 0.005


Prior angina 3 198 (21.2) 2.0 (1.8–2.3) ,0.0001


Prior PCI 672 (4.5) 0.8 (0.6–1.1) 0.2


Prior CABG 405 (2.7) 1.5 (1.1–2.1) 0.02


Diabetes/HTN/prior angina 7 161 (47.6) 2.1 (1.8–2.4) ,0.0001


Medications at presentation


b-Blockers 2 345 (15.6) 1.4 (1.2–1.6) 0.0003


Calcium channel blockers 2 364 (15.7) 1.8 (1.5–2.0) ,0.0001


Lipid-lowering 1 407 (9.3) 0.8 (0.7–1.1) 0.1


Antiarrhythmic 198 (1.3) 3.2 (2.2–4.6) ,0.0001


Presenting characteristics


Infarct location


Anterior or LBBB 6 428 (42.7) 1.9 (1.7–2.2) ,0.0001


Inferior 8 567 (56.9) 0.5 (0.5–0.6) ,0.0001


Other 65 (0.4) 2.0 (0.9–4.1) 0.1


Killip class II–IV 1 890 (12.6) 3.6 (3.1–4.2) ,0.0001


Heart rate, bpm 74 (63, 86)


Heart rate .100 bpm 1 165 (7.7) 3.1 (2.6–3.6) ,0.0001


Systolic BP, mm Hg 140 (122, 155)


Systolic BP ,100 mm Hg 396 (2.6) 2.9 (2.2–3.8) ,0.0001


Treatment


Time to treatment .4 h 3 657 (24.3) 1.6 (1.4–1.8) ,0.0001


Data are shown as n (%) for dichotomous variables and median (25, 75th
percentile) for continuous variables. PCI indicates percutaneous interven-
tions; HTN, hypertension; diabetes/HTN/prior angina, history of any one of
these 3 characteristics; LBBB, left bundle branch block; and BP, blood
pressure.


Figure 2. TIMI risk score for STEMI for predicting 30-day mor-
tality. STE indicates ST elevation; h/o, history of.
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and nonsmokers (Table 3), with a similar graded relation-
ship between the risk score and mortality across each of
these subgroups. The model was also evaluated in the full
15 060 patient population (including patients with missing
risk score variables) without substantial change from the
derivation set (c statistic 0.776, Table 3).


The risk score was also strongly associated with 30-day
mortality in an external population of patients treated with
fibrinolytics for STEMI (Figure 4). Application of the TIMI
risk score for STEMI in the TIMI 9A/B population revealed
a similar nearly 40-fold gradient in mortality risk. Mortality
was again,1% among patients with a risk score of 0. In
addition, a high discriminatory capacity of the TIMI risk
score was evident in this external validation set (c statistic
0.746).


Application as an Epidemiological Tool
To illustrate the utility of the TIMI risk score for STEMI
in adjusting for baseline risk profile, we performed an
analysis of regional revascularization practice patterns
among patients treated with fibrinolytics in the InTIME II
study. For the purpose of this example, we used the risk
score as a framework to stratify revascularization rates
(coronary artery bypass grafting or percutaneous interven-
tion) in the US and non-US sites participating in the
InTIME II study. A consistent pattern of increased utili-
zation of revascularization procedures in the United States
was evident across all groups as stratified by risk score
(Figure 5). Furthermore, a pattern of decreasing frequency


of revascularization among the highest risk patients was
apparent among US and non-US centers.


Discussion
We used the prognostic information from a multivariable
analysis in a large and diverse cohort of patients treated
with fibrinolytics for STEMI to develop a convenient
bedside clinical score that may be applied at the time of
patient presentation to assess short-term mortality risk.
The TIMI risk score for STEMI identified a significant
gradient of mortality risk by using variables that captured
the majority of prognostic information available in the
multivariable model. The predictive capacity of this risk
score was stable over multiple time points, in men and
women, and in smokers and nonsmokers. Furthermore, the
TIMI risk score performed well in a large external data set
of patients with STEMI.


Effective risk stratification is integral to the management
of patients with acute coronary syndromes.11 Even among
patients with STEMI, for whom initial therapeutic options are
well-defined, patient risk characteristics have an impact on
early therapeutic decision making.1,12,13 In addition, increas-
ing economic pressures have intensified the need for appro-
priate triage and clinical resource utilization, including deci-
sions regarding transfer to tertiary centers.14 In particular, the
capacity to reliably identify patients at very low risk for fatal
recurrent events may offer the opportunity to select low-risk
patients for early hospital discharge.15,16 Tools that enhance
the clinician’s ability to rapidly and accurately assess risk are
thus of substantial interest.


Risk Modeling in STEMI
Carefully performed multivariable analysis for mortality
prediction in the GUSTO-I trial provided significant infor-
mation regarding demographic, clinical, and historical
factors that offer independent prognostic information
among fibrinolytic-eligible patients with STEMI.6 The
complex (.20-term) model produced in the GUSTO-I
analysis allowed for the interplay of risk markers, includ-
ing nonlinear relationships and interaction between vari-
ables. The risk estimates offered by the GUSTO-I and
other multivariable models for mortality in STEMI were
highly accurate in their derivation data sets but required a
computer for calculation.6,17


Figure 3. TIMI risk score for STEMI for predicting 1-year mor-
tality (30-day survivors).


TABLE 2. Stability of TIMI Risk Score for STEMI Over Time


Time Point


Risk Score


c Statistic0 1 2 3 4 5 6 7 8 .8


24 h 0.1 0.3 0.8 1.0 2.7 4.3 6.6 8.2 12.9 15.2 0.813


In hospital 0.7 1.3 1.9 3.9 6.5 11.6 14.7 21.5 24.4 31.7 0.784


6 mo 1.5 2.0 3.3 6.4 9.8 16.0 20.5 29.4 35.9 43.5 0.773


1 y 1.9 2.6 4.0 7.2 11.3 18.3 22.6 32.7 38.8 46.9 0.765


Data are reported as mortality (%).
P(trend),0.0001 for each time point, indicating significant increase in mortality with rising risk score.
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Investigators have developed a number of simplified risk
stratification schemes, which may be calculated at the bedside
without the aid of a computer.4,8,18 Several of these models
were developed before the widespread use of throm-
bolysis.18–20 Of those derived in the era of reperfusion,
several were formed by using general measures of severity of
illness, such as the Acute Physiology and Chronic Health
Evaluation II scoring system,21 whereas others were based on
expert opinion and prior investigation.8 Models that have
integrated weighting information from multivariate regres-
sion in a fashion similar to the TIMI risk score are few and
have not been derived for prediction of short-term outcomes
in STEMI.4


TIMI Risk Score for STEMI
The clinical data included in the TIMI risk score for
STEMI are all routinely collected at hospital presentation.
Consistent with prior observations,2,6,22all of the variables
included in this model were independent predictors of
30-day mortality in the InTIME II population. Notably, the
finding of an association between low body weight and
increased mortality risk reported by others3,6 was again
observed to be significant. When used in combination with
a simple integer-weighting system, these basic risk factors
constitute a robust risk scoring scheme that can be calcu-
lated at the bedside by any care provider with the aid of a
simple score card (Figure 6). The TIMI risk score for
STEMI reliably identifies patients at very high risk while


maintaining good discriminatory capacity in the low-risk
range, where smaller absolute differences are more likely
to impact clinical decisions.


Used as an epidemiologic tool, the TIMI risk score
provides a convenient mechanism to identify baseline
differences in risk profile and offers a framework for
analyses stratified by risk group at presentation. In our
illustrative example, stratification of revascularization
rates by risk score effectively demonstrated differences in
regional practice among similar risk patients. In addition,
this approach highlighted the disproportionate number of
lower-risk patients undergoing revascularization and the
need to evaluate whether interventions that might improve
outcomes are being performed less frequently for the
highest-risk patients, who may derive the greatest
benefit.13,23


The TIMI risk score for STEMI may also be used in
designing clinical trials. By eliminating patients with low risk
scores, a population with higher event rates can be identified.
This strategy permits testing for a relative treatment effect
with a smaller sample size for the trial.


Figure 4. TIMI risk score for STEMI in TIMI 9A/B validation set.


Figure 5. Illustrative example of TIMI risk score for STEMI as
epidemiological tool adjusting for baseline risk. Revasculariza-
tion rates are for US and non-US sites in InTIME II, expressed
as percentage of patients (pts) in each risk group undergoing
revascularization. P(US vs Non-US),0.0001 indicates significantly
higher revascularization rates among US sites after adjusting for
risk score. P(trend),0.0001 indicates significant decline in revas-
cularization rates with rising risk score among US and non-US
sites.


TABLE 3. TIMI Risk Score for STEMI in Important Subgroups


Population


Risk Score


c Statistic0 1 2 3 4 5 6 7 8 .8


Men 0.8 1.5 2.3 3.8 6.5 12.0 16.7 22.6 22.5 35.7 0.774


Women 0.7 1.8 1.9 6.2 9.0 13.0 15.4 24.5 30.0 36.0 0.745


Smokers 1.0 1.6 2.2 4.2 7.1 9.6 15.7 20.5 26.7 31.5 0.763


Never smokers 0 1.4 2.1 4.7 7.2 15.8 16.1 26.7 25.7 37.8 0.769


Full population 0.9 1.8 2.6 5.0 8.5 13.7 17.7 24.4 30.4 35.9 0.776


Data are reported as mortality (%). Full population indicates 15 060 patients, including those with missing baseline data.
Pinteraction5NS for men vs women and smokers vs never smokers, consistent with a similar graded increase in mortality risk in each


subgroup. P(trend),0.0001 for each subgroup, indicating significant increase in mortality with rising risk score.
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Study Limitations
Development of any useful prediction model must balance
accuracy and complexity. Higher discriminatory capacity
in the derivation data set may come at the cost of both
reduced generalizability and increased complexity, which
hinder practical application. Although a full regression
equation usingb coefficients from multivariable analysis
offers the highest index of predictive discrimination, it
does not meet our objective for easy bedside application.
In contrast, a highly simplified model may be more easily
generalized but yields less discriminatory power. Thus, we
proceeded with the extensive evaluation of an intermediate
model. Although we recognize the loss of some informa-
tion in the reduction of the number of variables and
categorization of continuous variables, the impact on the
predictive performance of the TIMI risk score was shown
to be small.


The TIMI risk score was derived and validated among
fibrinolytic-eligible patients enrolled in clinical trials. It is
recognized that patients ineligible for thrombolysis or
excluded from clinical trials may be at higher risk for
adverse outcomes.24,25 The absolute quantitative observa-
tions made in the present report may not apply to other
populations. Nevertheless, the strong consistency between
the major risk markers that emerged in our present analysis
and those identified in registries outside of clinical
trials2,3,5,26suggest that the risk relationships are likely to
be similar.


Finally, the TIMI risk score for STEMI is designed for risk
assessment early after patient presentation and thus does not
incorporate noninvasive and invasive data, including provoc-
ative testing for ischemia, evaluation of left ventricular
function, and coronary angiography. Furthermore, other im-
portant early prognostic indicators, such as cardiac biomark-
ers and ST-segment resolution, were not included in this
analysis. The interaction of the TIMI risk score with these
prognostic measures may be an area of interest for future
investigation.


Conclusions
Building from clinical variables identified as independent
risk markers in InTIME II, we have developed a conve-
nient clinical risk score for predicting mortality among
patients with STEMI. The TIMI risk score for STEMI may
be readily applied at the bedside at the time of hospital
presentation and captures the majority of prognostic infor-
mation offered by a full logistic regression model. This
risk assessment tool is likely to be clinically useful in the
triage and management of patients eligible for fibrinolytic
therapy and may also serve as a valuable aid in clinical
research.
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Clinical Investigations


This simple classification is still widely used and has
been recently validated.2 More complex stratification
schemes have been required for patients undergoing
thrombolysis because these patients, in general, are at
lower risk than those not suitable for this therapy. For
example, in the Hillis classification,3 a series of 8 clinical
criteria available at the time of presentation were used to
estimate short-term risk of death. More complex schemes
with regression equations have also been proposed.4


More recently, to guide decisions about management
strategies after thrombolysis, attention has shifted to 2
laboratory variables: resolution of ST-segment elevation
and the early release of cardiac markers into the blood.
Determination of early ST-segment resolution allows
bedside assessment of the adequacy of reperfusion and
provides a graded risk for subsequent death that is inde-


The first widely used classification designed to stratify
the risk of patients with acute myocardial infarction
(MI) was introduced by Killip and Kimball in 1967.1
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Acute Ischemic Heart Disease


Very early risk stratification after thrombolytic
therapy with a bedside myoglobin assay and the
12-lead electrocardiogram
James A. de Lemos, MD,a Elliott M. Antman, MD,a Robert P. Giugliano, MD, SM,a David A. Morrow, MD,a Carolyn
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Background Available clinical criteria to estimate prognosis in patients with evolving ST-segment elevation myocardial
infarction do not consider the impact of reperfusion therapy and do not incorporate measurement of baseline levels of cardiac
serum markers. We evaluated the combination of a baseline myoglobin assay and early (60- to 90-minute) ST resolution for
risk stratification after ST-segment elevation myocardial infarction.


Methods In a prospective substudy of the Intravenous nPA for Treatment of Infarcting Myocardium Early-II (InTIME-II)
trial carried out in 2079 patients, a rapid qualitative assay for myoglobin was performed immediately before thrombolysis.
Serial 12-lead electrocardiograms were performed at baseline and 60 to 90 minutes after thrombolysis. ST resolution was
categorized as complete (≥70%), partial (30% to <70%), or none (<30%). 


Results Mortality rate at 30 days was 3.3% in the 905 patients with a negative baseline myoglobin assay versus 8.9%
in the 527 patients with a positive assay (P < .0001). Mortality rate was lowest (2.4%) among the 614 patients with com-
plete ST resolution, intermediate (4.9%) among the 512 patients with partial ST resolution, and highest (8.1%) among the
540 patients with no ST resolution (P < .0001 for trend). In a logistic regression model incorporating other baseline predic-
tors of 30-day mortality rate, both a positive myoglobin assay (relative risk 1.98, 95% confidence interval 1.00-3.90) and
ST resolution <70% (relative risk 2.86, 95% confidence interval 1.22-6.69) were independently associated with increased
mortality rate. At 30 days, mortality rate was 0.4% among patients with a negative myoglobin assay and complete ST reso-
lution, 4.8% among patients with either a positive myoglobin assay or ST resolution <70%, and 9.6% among those with both
a positive myoglobin ratio and ST resolution <70% (P < .001 for trend). 


Conclusions Within 90 minutes after administering thrombolytic therapy for acute myocardial infarction, clinicians can
determine the risk for death at the patient’s bedside with a hand-held myoglobin assay and 2 serial 12-lead electrocardio-
grams. A strategy using these 2 simple, rapid, and inexpensive tests may facilitate triage after thrombolytic therapy. (Am
Heart J 2000;140:373-8.)







pendent of other baseline predictors of risk.5-7 Measure-
ment of cardiac markers just before thrombolysis may
further enhance risk stratification. For example, even
among patients with evolving ST-elevation MI, an elevated
concentration of cardiac troponin T (cTnT) identifies
patients who are at increased risk for subsequent
death.8-10 Because cTnT levels may remain elevated for
>1 week after MI, however, it is not clear whether the
risk associated with elevated cTnT is caused by active
necrosis or by an MI that occurred in the days preceding
the current infarction. In addition, few patients present-
ing within 6 hours of the onset of chest pain in an evolv-
ing ST-elevation MI have an elevated concentration of
cTnT.10 Myoglobin is a smaller molecule that is released
and cleared more rapidly than cTnT.11 Although myoglo-
bin is not cardiac-specific, in the setting of ST-elevation
MI, when the diagnosis is apparent specificity is not a
practical limitation. Therefore myoglobin may be well-
suited for risk stratification among patients presenting
early after the onset of an evolving ST-elevation MI. 


The objective of this study was to evaluate a novel
risk stratification strategy with the combination of a
baseline myoglobin assay and an early determination of
ST-segment resolution. The goal of this strategy was to
use these 2 bedside measurements to guide patient
management early after thrombolysis. 


Methods
Substudy population


The Intravenous nPA for Treatment of Infarcting Myocardium
Early-II (InTIME-II) study was a randomized, double-blind,
multicenter trial comparing lanoteplase with alteplase in 15,078
patients with evolving ST-elevation MI of ≤6 hours duration.


Patients were included if they had ischemic chest pain at rest
lasting >30 minutes associated with ST elevation ≥0.1 mV in
contiguous limb leads, ≥0.2 mV in contiguous chest leads, or
new complete left bundle branch block. Patients were randomly
assigned to lanoteplase or alteplase in a 2:1 fashion and received
concomitant aspirin and intravenous unfractionated heparin.
This substudy was conducted in 2079 patients from western
hemisphere sites (1873 from the United States or Canada).


Rapid myoglobin assay
A qualitative myoglobin assay was performed before the


administration of thrombolytic therapy, by local investigators
blinded to treatment assignment. The device used was the
Cardiac STATus kit (Spectral Diagnostics, Inc, Toronto, Canada),
a hand-held solid-phase immunochromatographic assay with a
lower detection limit of 45 µg/L. A previous study reported
that the Cardiac STATus assay had an overall accuracy of 94%
vs the Opus quantitative myoglobin assay (Dade Behring, Inc,
Deerfield, Ill; normal reference range <50 µg/L).12 To perform
the assay, investigators placed several drops of serum into the
specimen well, added developing solution, and monitored the
“read zone” for a color change. A positive assay required the
presence of a reddish-purple line in both the myoglobin and
control zones within 15 minutes of application of the developer.
Assays with a color change in the control zone but not the
myoglobin zone at 15 minutes were considered negative, and
those with no color change in either the myoglobin or control
zones were considered nonevaluable. 


ST-segment resolution
A standard 12-lead electrocardiogram (ECG) was performed in


all subjects before thrombolytic therapy. At the onset of the
trial each site was assigned to perform a follow-up 12-lead ECG
either 60 or 90 minutes after administration of therapy. Inves-
tigators were instructed to use identical lead placement for the
baseline and follow-up ECG. All patients at a particular site
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Baseline myoglobin assay ST resolution


Variable All patients Negative Positive P value Complete Partial None P value


n 2079 905 (63%) 527 (37%) 614 (37%) 512 (31%) 540 (32%)
Age (y) 61.2 ± 12.7 59.9 ± 12.3 62.9 ± 13.1 <.0001 60.3 ± 12.2 61.6 ± 13.6 61.4 ± 12.8 .20
Age ≥75 y 16.4 13.3 19.7 .001 14.0 18.6 18.1 .07
Male sex 72.6 72.0 72.7 .80 73.6 71.9 75.0 .52
Current smoker 41.7 42.5 38.8 .03 43.2 41.7 41.5 .56
Diabetes 16.7 16.7 16.1 .95 13.2 17.2 19.4 .07
Hypertension 31.5 30.6 32.4 .06 28.2 32.6 32.6 .46
Prior MI 18.9 18.6 19.7 .85 16.4 20.7 16.9 .11
Prior CHF 3.3 2.9 4.9 .12 2.1 3.3 3.3 .64
Chronic renal insufficiency 1.3 1.2 1.5 .28 1.6 1.0 0.9 .33
Anterior MI 37.3 32.6 48.1 <.0001 26.4 40.0 45.0 <.0001
Time to Rx >3 h 35.6 26.1 49.1 <.0001 34.4 38.2 30.9 .04
SBP 142.2 ± 22.5 141.5 ± 21.9 144.3 ± 22.5 .02 142.8 ± 23.1 144.2 ± 22.7 141.3 ± 22.5 .11
HR 76.5 ± 18.6 74.3 ± 17.5 79.8 ± 18.5 <.0001 74.9 ± 18.8 78.1 ± 18.8 76.5 ± 18.3 .02
Killip class >1 8.5 8.5 9.1 .30 5.9 8.0 10.6 .03


Continuous variables are given as mean ± SD; categoric variables are given as %.
Rx, Therapy; SBP, systolic blood pressure; HR, heart rate.


Table I. Selected baseline characteristics







underwent follow-up ECG at the same time point. Because ST
resolution provided similar prognostic information in
patients with a 60-minute follow-up ECG and those with a 90-
minute follow-up ECG, the 2 groups were combined for pur-
poses of these analyses. 


All ECGs were analyzed in an ECG core laboratory by inves-
tigators blinded to treatment assignment and clinical end points.
The ST segment was measured 20 ms after the J point. The
sum of ST-segment elevation at baseline and follow-up (either
60 or 90 minutes) was calculated by previously described
methods.5 For anterior MI, the sum of ST elevation in leads V1
through V6, I, and aVL was calculated. For inferior MI, the sum
of ST elevation in leads II, III, aVF (and I, aVL, V5, and V6, if
present) was used. The percent resolution of ST elevation
from baseline to follow-up was calculated and categorized as
complete (≥70%), partial (30% to <70%), or none (<30%).5


Clinical outcomes
The primary outcome measure for both the InTIME-II trial and


this substudy was all-cause mortality at 30 days. All-cause mortal-
ity was also determined at hospital discharge and at 1 year. Addi-
tional end points included nonfatal recurrent MI and new or
worsening congestive heart failure (CHF) through 30 days. 


Statistical analysis 
Categoric variables were compared by Fisher exact and χ2


trend tests. Continuous variables were compared by analysis
of variance. A stepwise forward and backward logistic regres-
sion model was created to identify baseline characteristics
associated with 30-day mortality rate within the substudy
population. All baseline variables with a univariate P value
<.1 were entered into the model, and those with a multivariate
P value <.05 were retained. Although time to presentation
was not an independent predictor in this model, it was retained
because it would be expected to be a potential confounder of
both the myoglobin assay and ST resolution. Finally, the status
of the myoglobin assay (positive vs negative) and ST resolution
(≥70% vs <70%) were forced into the model. 


Results
In the InTIME-II study, 3305 patients were enrolled in


western hemisphere sites and were eligible for partici-
pation in this risk stratification substudy. Either a tech-


nically evaluable baseline myoglobin assay or serial
12-lead ECGs suitable for the determination of ST resolu-
tion were available from 2079 patients: 1432 had an
evaluable baseline myoglobin assay, 1666 had ECGs
suitable for the determination of ST resolution, and
1019 had both. Baseline characteristics for patients par-
ticipating in the substudy are shown in Table I.


Myoglobin assay
When compared with patients with a negative base-


line myoglobin assay, those with a positive assay were
older, had a lower rate of current tobacco use, a higher
probability of anterior infarction, and a longer time from
symptom onset to therapy (Table I). In-hospital, 30-day,
and 1-year mortality rates were 2-fold to 3-fold higher
among patients with a positive assay than among those
with a negative assay (P < .0001 at each time point)
(Table II). Additionally, new or worsening CHF tended
to occur more often among patients with a positive
baseline assay than among those with a negative assay
(P = .08) (Table II). There was no difference in the risk
for nonfatal recurrent MI between patients with a posi-
tive assay and those with a negative assay (Table II).


ST resolution analysis
Patients with lesser degrees of ST resolution tended


to be older and have a higher prevalence of diabetes.
Anterior location of infarction and Killip class >1 were
observed significantly more often among patients with
lesser degrees of ST resolution (Table I). In-hospital, 30-
day, and 1-year mortality rates were lowest among
patients with complete ST resolution, intermediate
among patients with partial ST resolution, and highest
among those with no ST resolution (P < .0005 for trend
at each time point) (Table II). Similarly, a graded
increase in the incidence of severe CHF was observed
among patients with lesser degrees of ST resolution (P
< .0001) (Table II). Of note, the risk for nonfatal recur-
rent MI was highest among patients with complete ST
resolution and lowest among those with no ST resolu-
tion (P = .003 for trend) (Table II).
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Baseline myoglobin assay ST resolution


Variable Negative Positive P value Complete Partial None P value


n (%) 905 (63%) 527 (37%) 614 (37%) 512 (31%) 540 (32%)
In-hospital death 2.8 7.8 <.0001 2.1 4.1 6.9 .0004
Death by 30 days 3.3 8.9 <.0001 2.4 4.9 8.1 .0001
Death by 1 year 5.0 11.2 <.0001 3.7 7.4 10.9 <.0001
Nonfatal recurrent MI by 30 days 5.7 4.0 .14 7.0 5.3 2.6 .003
New or worsening CHF by 30 days 10.9 14.0 .08 7.8 13.3 16.5 <.0001
Death/CHF by 30 days 12.9 19.9 .0004 9.1 17.0 21.5 <.0001


Values are in %.


Table II. Unadjusted clinical outcomes







Independent prognostic value of myoglobin assay
and ST resolution


In a multivariate logistic regression model, age, sex,
smoking status, diabetes, heart rate >80 beats/min, Kil-
lip class higher than grade I, infarct location, and prior
lipid-lowering therapy were independent predictors of
30-day mortality. When added to a model that included
these variables as well as time from symptom onset to
therapy, both a positive myoglobin assay (relative risk
1.98, 95% confidence interval 1.00-3.90) and ST resolu-
tion <70% (relative risk 2.86, 95% confidence interval
1.22-6.69) were independently associated with increased
30-day mortality (Table III).


Combined use of baseline myoglobin and early ST
resolution


In a stratified analysis, greater ST resolution remained
associated with lower 30-day mortality rate both among
patients with a negative baseline myoglobin assay (P =
.001 for trend) and among those with a positive myoglo-
bin assay (P = .02 for trend) (Figure 1). Similarly, a posi-
tive myoglobin assay was associated with higher 30-day
mortality rate among patients with complete, partial, and
no ST resolution (Figure 1).


An analysis was performed with the combination of
baseline myoglobin (positive vs negative) and ST resolu-
tion (≥70% vs <70%) (Figure 2). The 1019 patients with
evaluable data from both the myoglobin assay and ST
resolution were included in the analysis. The 242 subjects


with a negative baseline myoglobin assay and complete
(≥70%) ST resolution were at very low risk for in-hospi-
tal (0%), 30-day (0.4%), and 1-year (0.8%) death. At all 3
time points, the risk for death was intermediate among
the 538 patients with either a positive baseline myoglo-
bin assay or ST resolution <70% and highest among 239
patients with both a positive baseline assay and ST reso-
lution <70% (P < .0001 for trend at all time points). A
24-fold gradient of risk for 30-day death was observed
with the combination of these 2 markers (9.6% vs 0.4%;
Figure 2).


Discussion
This study demonstrates that within 60 to 90 minutes


after the administration of thrombolytic therapy for
acute MI, short- and long-term risk for death and heart
failure can be determined at the patient’s bedside with
a hand-held myoglobin assay and 2 serial 12-lead ECGs.
The baseline myoglobin assay and determination of
early ST resolution provide predictive information that
is independent of other known baseline prognostic
markers, and the use of these 2 measurements together
provides additive information. 


Complementary mechanisms likely explain the
prognostic utility of the 2 modalities. The qualitative
myoglobin assay detects a threshold level of myocardial
necrosis that has occurred before the initiation of therapy,
whereas ST resolution provides a noninvasive assessment
of tissue-level reperfusion. Importantly, the myoglobin
assay provides prognostic information that is indepen-
dent of time to presentation and infarct location (a
surrogate for infarct size). Two factors may help explain
this observation: first, a patient’s recollection of the
time of symptom onset may be highly subjective.13


American Heart Journal
September 2000de Lemos et al376


Figure 1


Stratified analyses of 30-day mortality rate based on status of
baseline myoglobin (MYO) assay (positive vs negative) and ST
resolution (RES) from baseline to follow-up (60 or 90 min). P
values by column represent comparison of mortality rate between
patients with positive vs those with negative baseline myoglobin
assay, stratified by ST resolution. P values by row represent
comparison of mortality rate trend between patients with greater
degrees of ST resolution, stratified by status of baseline myo-
globin assay.


Figure 2


Use of combination of baseline myoglobin assay (MYO) and ST
resolution (RES) to predict outcomes. Patients with negative base-
line myoglobin assay and complete (≥70%) ST resolution are at
lowest risk; those with either positive myoglobin assay or <70%
ST resolution are at intermediate risk; and those with both posi-
tive myoglobin assay and ST resolution <70% are at highest risk.







Second, the time course from occlusion of the infarct-
related artery to myocyte necrosis may be quite variable,
depending on factors such as myocardial oxygen
demand, collateral blood flow,14 and endogenous
myocardial protective mechanisms.15 The baseline
myoglobin assay appears to integrate these variables to
provide an objective assessment of the level of irre-
versible injury at the time of presentation. Myoglobin
may be preferable to cTnT for this purpose. In this study,
37% of subjects had a positive myoglobin assay at base-
line, whereas in a recent Global Utilization of Streptoki-
nase and Tissue Plasminogen Activator for Occluded
Arteries (GUSTO-III) substudy,10 only 8.9% of patients
had an elevated cTnT level at a similar time point.
Compared with cTnT, myoglobin appears to identify
more patients at increased risk for death and to dis-
criminate patients at lowest risk for death and CHF
more efficiently.


Patients with complete ST resolution at 90 minutes
have an approximately 95% probability of a patent
(Thrombolysis in Myocardial Infarction grade 2 or 3 flow)
infarct-related artery and are at very low risk for short-
term death.5,7 Patients without complete ST resolution,
however, still have a >50% probability of a patent infarct-
related artery; importantly, patients with a patent infarct-
related artery but persistent ST elevation remain at high
risk for the development of CHF and death.16,17 Myocar-
dial “no reflow” has been demonstrated with contrast
echocardiography in similar patients with persistent ST
elevation despite Thrombolysis in Myocardial Infarction
grade 3 flow after primary percutaneous coronary inter-
vention.18 Complete ST resolution therefore appears to
be indicative of successful epicardial and myocardial
reperfusion. Patients with persistent ST elevation may
have either a persistently occluded infarct-related artery
or a patent artery with extensive “downstream” injury to
the myocardium and coronary microcirculation.


Potential limitations
The InTIME-II trial limited enrollment to patients pre-


senting within 6 hours after the onset of chest discom-
fort. Therefore the results of this study cannot be gen-
eralized to patients presenting >6 hours after symptom
onset. Additionally, few patients (<2%) had renal insuf-
ficiency in this cohort; these results may not be applica-
ble to patients with renal failure because myoglobin
may be nonspecifically elevated in such patients. 


Clinical implications
The modalities used for risk assessment in this study


are simple, rapid, noninvasive, and inexpensive. A strat-
egy that uses clinical variables, the bedside myoglobin
assay, and an early (60- to 90-minute) determination of
ST resolution may facilitate triage of patients from the
emergency department after thrombolytic administra-
tion. The one fourth of patients with a negative base-
line myoglobin assay and complete ST resolution, for
example, are at very low risk for short- and long-term
death; early adjunctive percutaneous coronary interven-
tion would be unlikely to improve the risk of death in
these patients. These low-risk patients could potentially
be triaged directly to a telemetry unit with close moni-
toring and aggressive antithrombotic therapy to prevent
recurrent infarction. They could then be targeted for
early noninvasive screening and discharge. 


Patients with a negative myoglobin assay but incom-
plete ST resolution have evidence of failed epicardial or
tissue-level reperfusion and may benefit from immedi-
ate cardiac catheterization or transfer to a facility with
capabilities to perform a percutaneous coronary inter-
vention. When the baseline myoglobin assay is positive
but ST resolution is complete, there is no compelling
rationale for early adjunctive coronary intervention.
However, these patients remain at higher risk because
of more extensive necrosis before therapy and may
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Variable Relative risk 95% CI P value


Age ≥75 y 2.93 1.46-5.87 .003
Female sex 2.52 1.29-4.92 .007
Diabetes 2.13 1.01-4.52 .048
Current tobacco use 0.68 0.29-1.59 .38
Prior tobacco use 1.32 0.61-2.85 .48
Inferior infarction 0.52 0.26-1.02 .058
Left bundle branch block 5.2 0.17-162.4 .35
Time to treatment >3 h 1.39 0.71-2.69 .33
Heart rate >80 1.01 0.52-1.96 .98
Killip class >1 2.2 0.95-5.13 .067
Prior lipid-lowering therapy 0.26 0.06-1.14 .075


Positive baseline myoglobin assay 1.98 1.00-3.90 .049
ST resolution <70% 2.86 1.22-6.69 .016


CI, Confidence interval.


Table III. Multivariable logistic regression model for 30-day death







benefit from therapies directed at limiting infarct
expansion and remodeling. Finally, the one fourth of all
patients with both a positive baseline myoglobin assay
and incomplete ST resolution are at particularly high
risk for death and CHF; an aggressive strategy should be
considered in these patients, with possible transfer to a
facility where early revascularization can be performed.
Prospective studies validating these treatment strategies
are needed. 


References
1. Killip T, Kimball JT. Treatment of myocardial infarction in a coronary


care unit. A two year experience with 250 patients. Am J Cardiol
1967;20:457-64.


2. Rott D, Behar S, Gottlieb S, et al. Usefulness of the Killip classification
for early risk stratification of patients with acute myocardial infarction
in the 1990s compared with those treated in the 1980s. Israeli
Thrombolytic Survey Group and the Secondary Prevention Reinfarction
Israeli Nifedipine Trial (SPRINT) Study Group. Am J Cardiol 1997;
80:859-64.


3. Hillis LD, Forman S, Braunwald E, and the Thrombolysis in Myocardial
Infarction (TIMI) Phase II co-investigators. Risk stratification before
thrombolytic therapy in patients with acute myocardial infarction. J
Am Coll Cardiol 1990;16:313-5.


4. Lee KL, Woodlief LH, Topol EJ, et al. Predictors of 30-day mortality
in the era of reperfusion for acute myocardial infarction. Results
from an international trial of 41,021 patients. Circulation 1995;
91:1659-68.


5. Schröder R, Dissmann R, Bruggemann T, et al. Extent of early ST
segment elevation resolution: a simple but strong predictor of outcome
in patients with acute myocardial infarction. J Am Coll Cardiol
1994;24:384-91.


6. Mauri R, Maggioni AP, Franzosi MG, et al. A simple electrocardio-
graphic predictor of the outcome of patients with acute myocardial
infarction treated with a thrombolytic agent. A Gruppo Italiano per
lo Studio della Sopravvivenza nell’Infarto Miocardico (GISSI-2)-
derived analysis. J Am Coll Cardiol 1994;24:600-7.


7. de Lemos JA, Antman EM, McCabe CH, et al. ST-segment resolution
and infarct related artery patency and flow after thrombolytic therapy.
Am J Cardiol 2000;85:299-304.


8. Ohman EM, Armstrong P, Chfistenson RH, et al. Cardiac troponin
T levels for risk stratification in acute myocardial ischemia. N Engl J
Med 1996;335:1333-41.


9. Stubbs P, Collinson P, Moseley D, et al. Prognostic significance of
admission troponin T concentrations in patients with myocardial
infarction. Circulation 1996;94:1291-7.


10. Ohman EM, Armstrong PW, White HD, et al. Risk stratification with
a point-of-care cardiac troponin T test in acute myocardial infarction.
Am J Cardiol 1999;84:1281-6.


11. Mair J, Wagner I, Jakob G, et al. Different time courses of cardiac
contractile proteins after acute myocardial infarction. Clin Chimica
Acta 1994;231:47-60.


12. Panteghini M, Pagani F. Characterization of a rapid immunochromato-
graphic assay for simultaneous detection of high concentrations of
myoglobin and CK-MB in whole blood. Clin Chem 1996;42:1292-3.


13. Goldberg RJ, McGovern PG, Guggina T, et al. Prehospital delay in
patients with acute coronary heart disease: concordance between
patient interviews and medical records. Am Heart J 1998;135:293-9.


14. Sabia PJ, Powers ER, Ragosta M, et al. An association between
collateral blood flow and myocardial viability in patients with recent
myocardial infarction. N Engl J Med 1992;327:1825-31.


15. Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia:
a delay of lethal cell injury in ischemic myocardium. Circulation
1986;74:1124-36.


16. van’t Hof A, Liem A, de Boer M, et al. Clinical value of 12-lead
electrocardiogram after successful reperfusion therapy for acute
myocardial infarction. Lancet 1997;350:615-9.


17. Claeys MJ, Bosmans J, Veenstra L, et al. Determinants and prognostic
implications of persistent ST-segment elevation after primary angio-
plasty for acute myocardial infarction: importance of microvascular
reperfusion injury on clinical outcome. Circulation 1999;99:1972-7.


18. Santoro GM, Valenti R, Buonamici P, et al. Relation between ST-
segment changes and myocardial perfusion evaluated by myocardial
contrast echocardiography in patients with acute myocardial
infarction-treated with direct angioplasty. Am J Cardiol 1998;
82:932-7.


American Heart Journal
September 2000de Lemos et al378








Pharmacoinvasive Therapy
The Future of Treatment for ST-Elevation Myocardial Infarction


Elliott M. Antman, MD; Frans Van de Werf, MD, PhD


Prompt reperfusion of ischemic myocardium is the major
focus of acute treatment of patients with ST-segment


elevation myocardial infarction (STEMI). Two reperfusion
strategies have been developed: pharmacological and catheter
based. Although these two strategies have traditionally been
considered distinct and at times competing options, it is likely
that care of patients with STEMI will be improved in the
future if they are viewed as a single integrated effort at
reperfusion.


I. Pharmacological Reperfusion: What Has
Been Achieved?


Pharmacological reperfusion therapy has been a major ad-
vance in the treatment of STEMI. For almost two decades it
has been the cornerstone of the acute treatment of patients
presenting early to a hospital or an ambulance service (Figure
1).1 Although the fibrinolytic agent is the key component of
the pharmacological “cocktail” administered, conjunctive
antithrombotic agents are of utmost importance for maximiz-
ing and maintaining the benefit of dissolving the occlusive
coronary artery thrombus.


In the early 1960s and 1970s, several trials evaluated the
efficacy of intravenous streptokinase (SK), but results were
not convincing because of design flaws (eg, random assign-
ment up to 72 hours after onset of symptoms and low doses
of SK infused over several hours).2 The intracoronary admin-
istration of SK first by Chazov et al3 and later by Rentrop et
al4 renewed the interest in fibrinolysis. They formed, together
with the angiographic finding by DeWood et al5 of a
thrombus in the infarct-related arteries in �90% of the
patients with STEMI, the theoretical basis for the design of
large-scale mortality trials.


Establishment of Streptokinase and Aspirin
The first of these trials was the GISSI-I trial (Gruppo Italiano
per lo Studio della Streptochinasi nell’Infarto Miocardico), in
which 11 712 patients presenting within 12 hours after onset
of symptoms were randomly assigned to 1.5 MU SK over a
period of 60 minutes or conventional treatment.6 Of note,
concomitant aspirin was given to �15% of the patients, and
only �20% of the patients received intravenous heparin (with
low-dose subcutaneous heparin given to �40% of the pa-


tients). At 21 days, SK was associated with an 18% reduction
in mortality rate (10.7% versus 13%, P�0.0002), with a
greater reduction observed in patients treated early.


In the Second International Study of Infarct Survival
(ISIS)-2 study, 17 187 patients were randomized in a 2�2
factorial design, to aspirin (160 mg), SK (1.5 MU over 60
minutes), both, or neither.7 Each agent alone significantly
reduced 35-day mortality rates, with the greatest reduction
observed with the combination of SK and aspirin (8% versus
13.2% for placebo, 2P�0.001). Also in ISIS-2, the use of
heparin was left to the discretion of the investigator and,
similar to GISSI-I, �24% of the patients were given intrave-
nous heparin (�40% of the patients received subcutaneous
heparin).


Ascent of Fibrin-Specific Plasminogen Activators
and Intravenous Heparin
Elucidation of the biochemical mechanisms that regulate
physiological fibrinolysis led to the concept of fibrin-
selective agents and to the development of recombinant
tissue-type plasminogen activator (rt-PA, alteplase). Coro-
nary patency studies indicated a higher efficacy for clot lysis
with rt-PA, but two subsequent mega-trials (GISSI-2/Interna-
tional and ISIS-3) failed to show a survival benefit over
SK.8–11 The absence of early concomitant intravenous hepa-
rin and suboptimal dosing of rt-PA (over a period of 3 hours)
were put forward as possible explanations for the lack of
superiority over SK. The importance of concomitant heparin
for maximizing the effect of rt-PA was demonstrated in an
angiographic study by the Heparin and Aspirin Reperfusion
Therapy (HART) investigators: At angiography performed 7
to 24 hours after rt-PA infusion, 88% of the patients who
received concomitant intravenous heparin had a patent vessel
versus 52% in those who received aspirin only (P�0.0001).12


These results together with the higher patency rates observed
with accelerated, front-loaded infusion of rt-PA led to the
design of the Global Use of Strategies to Open Occluded
Coronary Arteries (GUSTO)-I trial and its angiographic
substudy.13–15 GUSTO-I clearly demonstrated that acceler-
ated infusion of rt-PA with concomitant intravenous heparin
is superior to SK with regard to 30-day mortality rates (6.3%
versus 7.3%, P�0.001) and conclusively validated the open-
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artery hypothesis.16 GUSTO-I also indicated that the more
potent rt-PA induced a 0.2% absolute excess of intracranial
hemorrhage (0.7% versus 0.5%). In aggregate, when com-
pared with SK, rt-PA led to the prevention of death or
disabling stroke in 9 patients per 1000 treated.


Convenience of Bolus Lytic Agents
Although accelerated rt-PA induced a significantly higher
percentage of Thrombolysis In Myocardial Infarction (TIMI)
grade 3 flow than SK at 90 minutes (54% versus 30%), brisk,
early, and persistent TIMI grade 3 flow is not obtained in
many patients.14 In principle, there are several ways to
improve the benefit of fibrinolytic therapy: earlier start of
treatment (eg, prehospital administration), use of plasmino-
gen activators with increased potency for clot lysis, and use of
more specific and more potent anticoagulant and antiplatelet
agents.


It seems reasonable to expect that if fibrinolytic therapy
could be started at the time of prehospital evaluation, a
greater number of lives could be saved. A meta-analysis
showed a 17% relative reduction in mortality rates with
prehospital versus in-hospital fibrinolytic therapy.17 Given
the importance of time from the onset of symptoms to
reperfusion for minimizing infarct size, it is noteworthy that
prehospital fibrinolysis may be administered 30 to 40 minutes
earlier than in-hospital fibrinolysis, increases the proportion
of patients who receive fibrinolysis within 30 minutes from
initial contact with the medical system, and increases the
number of patients who receive fibrinolysis within the first 2
hours of symptoms.18–20 When administered within the first 2
hours from the onset of symptoms, prehospital fibrinolysis is
associated with a lower mortality rate than primary PCI that
appears to be mediated by greater myocardial salvage and
reduction in the development of cardiogenic shock.21 Several


attempts to increase the efficacy of rt-PA and to reduce its
plasma clearance (allowing bolus administration and there-
fore facilitating early, prehospital administration) have been
undertaken. Two agents are now available for clinical use:
rPA (reteplase) and TNK-tPA (tenecteplase). Both agents
failed to reduce 30-day mortality rates and were associated
with almost identical intracranial hemorrhage rates when
compared with rt-PA in two large mortality trials, GUSTO-III
and the Assessment of the Safety and Efficacy of a New
Thrombolytic Regimen (ASSENT)-2.22–24 With TNK-tPA,
however, a significant reduction in noncerebral bleeding
complications and a lower need for blood transfusion were
observed.23


Combined Use of a Reduced-Dose Fibrinolytic and
GP IIb/IIIa Inhibitor
Fibrinolytic agents generate plasmin, which degrades the
fibrin component of the clot and exposes the highly active,
platelet-rich core. It can be hypothesized that a more potent
inhibitor of platelet aggregation, such as a GP IIb/IIIa
receptor inhibitor, which inhibits the final common pathway
of platelet aggregation, might enhance further clot lysis and
prevent additional platelet aggregation on the surface of the
clot. Combined use of a GP IIb/IIIa receptor inhibitor with a
reduced-dose fibrinolytic was shown to slightly enhance
coronary artery patency when compared with full-dose lytic
therapy.25–28 Furthermore, it can also be hypothesized that by
reducing the dose of the fibrinolytic bleeding complica-
tions—including intracranial—could be reduced. In a large
mortality trial with half-dose rPA (GUSTO-V) and in a
moderate-sized trial with half-dose TNK-tPA (ASSENT-3),
combination with abciximab failed to show any early or late
survival benefit over full-dose lytic or any reduction in the
risk of intracranial hemorrhage.29,30 On the contrary, the
incidence of major noncerebral bleeding complications in-
creased significantly. The excess of bleeding complications
was most pronounced in patients older than 75 years. A
beneficial effect, consistently observed in both trials, was a
reduction in in-hospital reinfarction an in the need for early
PCI. This, however, did not translate into a mortality rate
reduction.


Optimal Dose of Heparin and Uncertainties About
New Antithrombotic Conjunctive Therapies
Aspirin and unfractionated heparin (UFH) are still the rec-
ommended antithrombotic conjunctive therapies for pharma-
cological reperfusion. There has been considerable debate
about the timing and optimal dose of UFH. In the ASSENT-3
trial, a reduced, fully weight-adjusted dose of UFH was given
(bolus of 60 U/kg with a maximum of 4000 U to be followed
by an infusion of 12 U/kg per hour with a maximum of 1000
U/h) for 24 to 48 hours with early and frequent monitoring of
the aPTT (target, 50 to 70 seconds).30 This dose, which is now
recommended in the American College of Cardiology/Amer-
ican Heart Association and European Society of Cardiology
guidelines for management of STEMI, was associated with a
reduction in major noncerebral bleeding complications when
compared with a higher but less weight-adjusted dose of UFH
used in the ASSENT-2 trial.19,23,31 Unfortunately, the rate of


Figure 1. Evolution of timing and location for administration of
fibrinolytic therapy. Initially reserved for intracoronary adminis-
tration in the cardiac catheterization laboratory, it then devolved
progressively to the coronary care unit (CCU), emergency
department (ED), and ultimately to the prehospital arena, either
in the ambulance or home. As definitive therapy moves closer to
the time of symptom onset, there is greater preservation of is-
chemic myocardium and enhanced clinical outcome. Repro-
duced with permission from Armstrong et al.1
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intracranial hemorrhage was not reduced by this new dosing
regimen.


In phase II studies, low-molecular-weight heparins have
been shown to reduce the risk of reocclusion or reinfarction
and to increase late patency of the infarct-related vessel.32–35


In the ASSENT-3 trial, full-dose TNK-tPA plus enoxaparin
(given as an intravenous bolus of 30 mg followed by 1 mg/kg
subcutaneously over a period of 12 hours) significantly
reduced ischemic complications of STEMI, including rein-
farction, without affecting intracranial hemorrhage rates or
mortality rates.30 There was, however, a moderate increase in
noncerebral bleeding complications. In view of the ease of
administration and the lack of need for monitoring aPTT, the
combination TNK-tPA and enoxaparin was considered to be
a very attractive reperfusion strategy. However, in the subse-
quent ASSENT-3 Plus trial, this combination was associated
with an unacceptable excess of cerebral and noncerebral
bleeding complications in the elderly.20 The ongoing EnoX-
aparin and Thrombolysis Reperfusion for Acute myocardial
infarCtion Treatment (EXTRACT) trial is reevaluating enox-
aparin with different fibrinolytic agents and with a lower dose
in patients older than 75 years.


Clopidogrel given in addition to aspirin to patients with
unstable angina/non–ST-elevation myocardial infarction
(UA/NSTEMI) significantly reduces the risk of cardiovascu-
lar death, MI, or stroke. Little is known about the possible
benefit (or harm) of clopidogrel in conjunction with fibrino-
lytic therapy. The CLopidogrel as Adjunctive ReperfusIon
TherapY (CLARITY)-TIMI 28 trial is currently investigating
the efficacy and safety of a loading dose of 300 mg clopi-
dogrel in addition to a fibrinolytic agent, antithrombin, and
aspirin in 3000 patients.


II. Catheter-Based Reperfusion
Initial Experience With Balloon Angioplasty
The concept of catheter-based reperfusion for STEMI was
introduced in 1979 when Rentrop and colleagues36 reported
pilot experience with balloon angioplasty to open the oc-
cluded infarct artery in 7 patients. When compared with a
nonconcurrent control group who did not receive reperfusion
therapy, the angioplasty group had improved ventricular
function on follow-up angiography.


The field of catheter-based reperfusion for STEMI was
subsequently developed through a series of observations
reported from multiple centers as well as randomized trials. In
view of the evidence of mortality reduction with intravenous
fibrinolytic therapy described above, randomized trials of
catheter-based reperfusion did not use a placebo-controlled
group but instead compared balloon angioplasty with fibrino-
lytic therapy.37–39 These initial trials did not demonstrate a
convincing mortality benefit of balloon angioplasty but did
suggest that compared with SK or a 3-hour infusion of tPA,
balloon angioplasty was associated with improved patency of
the infarct artery and fewer episodes of recurrent ischemia
and infarction over long-term follow-up.


Several additional trials subsequently compared balloon
angioplasty with a variety of fibrinolytic regimens. The
collective individual patient data were pooled by the Primary


transluminal Coronary Angioplasty Trialists (PCAT) collab-
orators40 and showed reductions in mortality rates, the com-
posite end point of death/reinfarction, and the rate of hemor-
rhagic stroke. Important lessons learned from the PCAT
analysis were that the relative treatment benefit of balloon
angioplasty varied across the trials, the risk profile of the
patient, and the thrombolytic comparator. Longer delays to
performing angioplasty were associated with a smaller treat-
ment effect.40


The data from trials conducted through the mid-1990s
suggested that the major benefits of balloon angioplasty
compared with fibrinolytic therapy were related to the higher
early recanalization rates of the epicardial infarct artery,
lower rates of reocclusion of initially successfully reperfused
vessels, and a lower risk of hemorrhagic stroke.41 Additional
benefits provided by an angiographic approach to patients
with STEMI include the hemodynamic and anatomic data
provided at the time of catheterization that allowed identifi-
cation of a low-risk cohort of patients suitable for early
discharge.42


Advances in Catheter-Based Reperfusion
Notable advances in the field of mechanical reperfusion came
with improvements in angiographic equipment, guide wires,
catheters, supportive pharmacological therapy, and stents
(Figure 2). No rigorous tests of these advances were under-
taken in comparison with fibrinolytic therapy, but a number
of trials involving patients with and without STEMI provided
useful information that frame current practice as follows:


(1) When UFH is used without a GP IIb/IIIa inhibitor, the
target ACT is 250 to 300 seconds, but it should be reduced
to 200 to 250 seconds when a GP IIb/IIIa inhibitor is
administered concurrently to reduce the risk of
bleeding.43–46


(2) GP IIb/IIIa inhibitors are helpful for reducing recurrent
MI and urgent target vessel revascularization; the evidence
for their ability to contribute to a reduction in mortality
rates is less clear.47–51 Abciximab is the best-studied of the
GP IIb/IIIa inhibitors; only limited angiographic data are
available on the small molecule inhibitors.52 It appears
helpful to administer abciximab before arrival in the
catheterization laboratory so that platelet inhibition has
been initiated before coronary instrumentation.46,53 Patients
with cardiogenic shock appear to have the largest treatment
benefit of abciximab with respect to mortality rates, rein-
farction, and urgent target vessel revascularization.46,54–56


(3) Primary stent implantation is superior to balloon angio-
plasty alone for reducing the composite end point of death,
recurrent MI, and target vessel revascularization, but this is
driven entirely by the reduction in target vessel
revascularization.57


(4) On the basis of a wealth of supportive data from patients
with UA/NSTEMI and those undergoing elective stenting,
thienopyridines are administered to patients with STEMI
who undergo stent implantation.58–61


(5) Studies outside the STEMI population have established
that drug-eluting stents reduce restenosis and the need for
reintervention compared with bare metal stents.62 A report
from the Rampamycin-Eluting Stent Evaluated At Rotter-
dam Cardiology Hospital (RESEARCH) registry in Rot-
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terdam suggests that drug-eluting stents may be safe and
effective in patients with STEMI.63


Can a Primary PCI Strategy Be Adopted in
Routine Practice?
Several approaches have been taken to making a PCI strategy
more generally available to patients with STEMI. The first
involved comparing fibrinolytic therapy administered in a
community hospital versus transfer for primary PCI.64–67 The
composite end point of death, MI, or disabling stroke is
reduced with primary PCI, driven almost entirely by a
reduction in recurrent MI.66 Mortality rate is similar with
primary PCI when compared with SK for patients presenting
within 3 hours of the onset of symptoms but is lower with PCI
in those presenting after 3 hours.65 Importantly, in dedicated
research systems, especially in certain European countries,
transportation of patients with STEMI can be accomplished
expeditiously (32 to 48 minutes as in DANish trial in Acute
Myocardial Infarction [DANAMI]-2 and PRimary Angio-
plasty in patients transferred from General community hos-
pitals to specialized PTCA Units with or without Emergency
thrombolysis [PRAGUE]-2), with a door-to-balloon time of
under 30 minutes on arrival at the PCI center. Such rapid
implementation of a primary PCI strategy has not been
accomplished to date in the United States, where the median
time from arrival at the door of a referring hospital to balloon
inflation at a PCI center after transfer is 185 minutes.68


Interpretation of studies comparing fibrinolytic therapy
with transfer for PCI is complicated because of selection of
patients considered safe for transportation, the different
fibrinolytics used in the medical treatment comparison arm,
and the possibility that the fibrinolytic arm was handicapped
by using doses of UFH that are now considered too high.69,70


Also, the detection of recurrent MI is not easily accomplished
within the first 24 hours after primary PCI because of
elevation of biomarkers from the index event; for this reason,
some studies have excluded periprocedural MI from the end
point, potentially biasing the results toward primary PCI.69 In


DANAMI-2, episodes of recurrent ischemia and infarction in
the fibrinolytic arm were treated with repeat fibrinolysis
rather than referral for PCI, a treatment strategy that is
different from one used in many other centers and that may
have skewed the results in favor of primary PCI.


The second approach to broadening the application of PCI
for STEMI has been to extend the use of PCI to hospitals
without on-site cardiac surgery.71 Observational experiences
from several centers have generally reported favorable re-
sults, but the potential for case selection must be considered.
The Atlantic Cardiovascular Patient Outcomes Research
Team (C-PORT) trial randomly assigned patients to rt-PA or
primary PCI without on-site cardiac surgery.72 At 6 months,
the composite end point of death, MI, or stroke occurred in
19.9% of fibrinolytic patients versus 12.4% of patients given
PCI (P�0.03); again, the majority of the difference was
driven by the rate of recurrent MI, which was exceptionally
high in the fibrinolytic therapy era (in-hospital recurrent MI
rate, 8.8%). Of note, the majority of C-PORT patients were
enrolled during routine working hours. This may have re-
sulted in a falsely optimistic picture because PCI performed
outside routine working hours is associated with a lower rate
of technical success and a higher mortality rate.73


III. Pharmacoinvasive Therapy: A Tale of
Two Treatments Seen as One


The logistic difficulties of implementing primary PCI in
routine practice coupled with evidence of benefit of prehos-
pital fibrinolysis (especially if administered early after the
onset of symptoms) and the overarching importance of time
to reperfusion regardless of strategy used serve as the
foundation for developing a unified approach to management
of patients with STEMI in the future.21,74–76 More than one
decade ago, clinicians were discouraged from proceeding to
PCI early after fibrinolysis because of lack of benefit of such
a strategy and a trend toward worse outcomes in several
trials.77–79 Given the advances in PCI described above and


Figure 2. Evolution of PCI for STEMI.
Initial attempts at PCI used balloon
angioplasty. Progressive improvements
include antiplatelet therapy, bare metal
followed by drug-eluting stents (DES),
and, most recently, thrombus removal
and distal embolization protection
devices. Balloon and stent panels repro-
duced with permission from Michaels
AD, Chatterjee K. Cardiology patient
page: angioplasty versus bypass surgery
for coronary artery disease. Circulation.
2002;106:e187–e190. ©2000 The Stay-
Well Company, 780 Township Line Rd,
Yardley, PA 19067. DES panel repro-
duced with permission from Marks.62
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clinical experience in contemporary practice, early referral
for PCI is not only less concerning today but is scientifically
appealing. The benefits of the synergy of a pharmacological
approach followed by PCI have been described by Dauerman
and Sobel.80 Shortening the time to reperfusion of the infarct
artery by prompt initiation of pharmacological reperfusion
(either before hospitalization or in the Emergency Depart-
ment of any hospital) followed by early PCI to consolidate
the initial reperfusion process and prevent reocclusion of the
infarct artery may be the optimal reperfusion strategy for
patients with STEMI in the future. Important questions that
remain center around the pharmacological regimen to be
given before PCI. It is likely that the choice of the regimen
will be based on the risk of the STEMI and the patient’s
bleeding risk. A proposal for a such a unified pharmacoinva-
sive approach is illustrated in Figure 3. The ongoing trials
Faciliated INtervention with Enhanced reperfusion Speed to
Stop Events (FINESSE) and ASSENT 4 PCI probably will
provide key data to clarify the risk and benefits of the limbs
shown in the figure. In FINESSE, pre-PCI treatment with
half-dose reteplase plus abciximab or with abciximab alone
will be compared with primary PCI plus procedural abcix-
imab. In ASSENT 4 PCI, patients will be given full-dose
tenecteplase before PCI and compared with patients under-
going standard primary PCI with the use of GP IIb/IIIa
antagonists left to the discretion of the investigator. Addi-
tional research is also needed to determine if a pharmacoin-
vasive approach should be applied routinely or only in
selected patients after fibrinolytic therapy.


Continued investigation into pharmacological and catheter-
based interventions that preserve myocardial function is
needed to amplify the benefits of a pharmacoinvasive
strategy.81–84
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Abstract The electrocardiogram (ECG) remains the most immediately accessible and widely used

☆ Dr Clemmense
Welch Allyn.


⁎ Corresponding a
E-mail address: kj


0022-0736/$ – see fro
doi:10.1016/j.jelectroc

diagnostic tool for guiding emergency treatment strategies. The ECG recorded during acute
myocardial ischemia is of diagnostic, therapeutic, and prognostic significance. In patients with
myocardial ischemia as a result of decreased blood supply, the initial 12-lead ECG typically
shows (1) predominant ST-segment elevation (STE) as part of STE acute coronary syndrome
(STE-ACS), or (2) no predominant STE, that is, non–STE ACS (NSTE-ACS). Patients with
predominant STE are classified as having either aborted myocardial infarction (MI) or ST-
elevation MI (STEMI) based on the absence or presence of biomarkers of myocardial necrosis.
The MI may be aborted either by spontaneous or therapeutic reperfusion of the ischemic
myocardium before development of myocardial cell necrosis. NSTE-ACS patients are classified as
having either unstable angina or NSTE-MI, based also on the absence or presence of biomarkers
of mycardial necrosis.
The information obtained from the 12-lead ECG at presentation should be complemented by
repeated ECGs especially during symptoms indicative of ischemia and, if applicable, by
comparing the findings with reference ECGs. Also, continuous ECG recording in a coronary care
setting, including the comparison of ECGs with and without pain, adds to the information gained
at patient presentation.
In this article, mechanisms of ischemic ECG changes and the ECG patterns recorded in both STE-
ACS and NSTE-ACS are described. ECG patterns of NSTE-ACS, which include ST depression,
negative T wave, and even normal ECG, need to be better defined in future studies to correlate them
with the severity and extent of ischemia and to explore to what extent they are explained by acute
active ischemia or represent consequences of ischemia. One of the aims of this article is to propose a
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classification of the ECG patterns encountered in different clinical scenarios of ACS. How these
patterns will aid in guiding the diagnostic and therapeutic process is discussed.
© 2010 Elsevier Inc. All rights reserved.

Keywords: Electrocardiogram; Acute coronary syndromes

Myocardial ischemia can occur during 2 pathophysiologic
processes: decreased blood supply, in which a coronary artery
has been acutely occluded by a thrombus or vasospasm, or
increased myocardial demand, in which there has been acutely
increased cardiac work by exercise or other stress in the
presence of coronary artery disease (CAD). In the electro-
cardiogram (ECG), myocardial ischemia typically induces a
shift of the STsegment. The ST-segment changes are produced
by the flow of currents, referred to as “injury currents,” that are
generated by the voltage gradients across the boundary
between the ischemic and nonischemic myocardium during
the resting and plateau phases of the ventricular action
potential, which correspond to the TQ and ST segments of
the ECG. Current guidelines suggest that when these ST-
segment shifts reach predetermined threshold values in 2 or
more anatomically contiguous body surface ECG leads, a
diagnosis of acute ischemia/infarction is indicated.1 In patients
with myocardial ischemia as a result of decreased blood
supply, the initial 12-lead ECG typically shows the following:


1) Predominant ST-segment elevation (STE) as part of
ST-elevation acute coronary syndrome (STE-ACS);
these patients are classified as having either aborted
myocardial infarction (MI) or ST-elevation MI
(STEMI) based on the absence or presence of
biomarkers of myocardial necrosis. The MI may be
aborted either by spontaneous or therapeutic reperfu-
sion of the ischemic myocardium before development
of myocardial cell necrosis2


or
2) No predominant STE, that is, non–STE-ACS (NSTE-


ACS); these patients are classified as having either
unstable angina (UA) or non–ST-elevation MI
(NSTEMI), based also on the absence or presence of
biomarkers of myocardial necrosis.3


STE-ACS has the homogeneous etiology of transmural
ischemia typically caused by fibrin-rich (red) thrombus
occluding the infarct-related artery, except in cases of cardiac
spasm.4 NSTE-ACS has heterogeneous etiologies of pre-
dominantly subendocardial ischemia frequently caused by a
platelet-rich (white) thrombus.5,6 However, some ECG
patterns of NSTE-ACS actually represent “STEMI equiva-
lence” because of the anatomic relationship of the ischemic
region to the standard ECG leads. These differences in ECG-
based classification have important clinical implications.


During the last few decades, the incidence of STE-ACS
has declined, and the incidence of NSTE-ACS has
increased.7 As a result of new diagnostic criteria based on
sensitive markers of myocardial injury (troponins T and I),
approximately 30% of patients were previously diagnosed
with UA, which is now categorized as acute MI.2,8,9 With the
new criteria, striking similarity between the in-hospital and

long-term prognoses of STEMI and NSTEMI patients has
recently been shown.10 These changes in patient outcome
also reflect improvements in therapeutic strategies.11


Most patients presenting with a clinical syndrome
compatible with STE-ACS progress into the evolving stages
of STEMI, and a minority have aborted MI.12 However, it
should be pointed out that in some cases, STE is secondary to
myocardial ischemia that is not thrombosis induced, such as
that which occurs with vasospasm. There are also several
possible nonischemic causes of STE (such as left ventricular
hypertrophy [LVH], early repolarization, pericarditis, etc).


The ECG remains the most immediately accessible and
widely used diagnostic tool for guiding treatment strategies.
The ECG recorded during acute myocardial ischemia is of
diagnostic, therapeutic, and prognostic significance.13-15


Especially, in STEMI patients, the ECG from the acute phase
contains important information about the site and size of the
area at risk aiding in selection of appropriate therapy for the
individual patient. Prehospital emergency care today can be
regarded as an extension of the hospital into society.
Therapeutic decisions about reperfusion strategy and treatment
logistics, such as where to transport a patient with a suspicion
of ACS, are increasingly important.16 Because the ECG
represents only a few seconds of recording, a better
appreciation of the often dynamic ischemic process is possible
from a series of ECG recordings or from continuous
monitoring. The ECG from the acute phase should be
compared with previous recordings, if available.17 If possible,
the ECG reading should be performed with the possibility of
“zoom” amplification ormagnifying glass to better detect small
changes in the STE. Regional logistic systems with immediate
access to digitally stored ECGs have been developed. From a
technical perspective, reference ECGs could bemade available
anywhere and anytime at the very onset of an acute coronary
event through internet-based telemedicine.18


In this document, we will first describe the mechanisms of
ischemic ECG changes and then the ECG patterns recorded
in both STE- and NSTE-ACS. In patients with STE-ACS,
the ECG may show patterns other than STE. We want to
point out that ECG patterns of NSTE-ACS, which include
ST depression (STD), negative T wave, and even normal
ECG, need to be better defined in future studies to correlate
them with the severity and extent of ischemia and to explore
to what extent they are explained by acute active ischemia or
represent consequences of ischemia. Because one of the aims
of this article is to propose a classification of the ECG
patterns encountered in different clinical scenarios of ACS,
we will comment on how these patterns will aid in guiding
the diagnostic and therapeutic process. Correlation with the
clinical picture and findings from echocardiography, scinti-
graphic studies, cardiac magnetic resonance imaging, and
other available technology may be helpful to better under-
stand some mechanisms of these ECG patterns.
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Anatomic and physiologic bases of ischemic ECG changes


Several factors will affect the ECG pattern observed in an
individual patient with ACS. The most important are


1) the cellular consequences induced by myocardial
ischemia from total coronary artery occlusion versus
subtotal occlusion with or without distal embolization;


2) the duration of the ischemic process;
3) itsmyocardial extent: transmural versus subendocardial;
4) its severity: presence of residual flow either by col-


laterals or by antegrade flow and ischemic or phar-
macologic preconditioning;


5) its localization in relation to exploring ECG leads;
6) the presence of underlying abnormalities, such as


intraventricular conduction disturbances, LVH, pri-
mary or secondary repolarization abnormalities, pace-
maker implant, and others; and


7) individual variation in coronary anatomy.


Also, lead system used and properties of the volume
conductor will affect the ECG changes. It is important to realize
that the ECGpattern changes over time andmay bedifferent if it
is recorded when the patient is symptomatic or after symptoms
have resolved. An early normal ECG recorded when the patient
is asymptomatic usually becomes abnormal during pain, and on
the contrary, a very abnormal ECG, recorded during an
asymptomatic period, may “pseudonormalize” during pain.


Temporal changes are most striking in cases of STEMI.
The ECG pattern will be different if the ECG is recorded
within minutes to hours from the onset of the ischemic
process in comparison to several hours to days later. Because
of this, patients with identical pathophysiologic processes
may be classified into different operational clinical ACS
categories. For example, if a patient has sudden thrombotic
occlusion of the left anterior descending coronary artery
(LAD), and the ECG is recorded during the occlusive phase,
the ECG will show STE in the precordial leads and the
patient is classified as having STE-ACS. However, if the
coronary flow is spontaneously or therapeutically reestab-
lished before the first ECG is recorded, a deep inverted T
wave may be present in leads V1-V3/V4 and the patient may
have an initial diagnosis of NSTE-ACS, although the ECG
pattern represents an evolutionary phase of STE-ACS.


Eppinger and Rothberger19 nearly a century ago pro-
voked the appearance of acute injury potential (elevated ST
segments) 15 seconds after the injection of silver nitrate deep
into the ventricular wall. Since then, the exact mechanisms of
ischemic ST-T changes are still under debate. For that reason
and taking into consideration the many different factors that
interplay in ACS, only some general aspects of mechanisms
behind the repolarization ECG changes (ST-T wave) will be
discussed. Detailed coverage of cellular physiology in
myocardial ischemia is not within the scope of this article.
Neither will changes in the P wave, the QRS complex, ECG
changes related to ischemia of the conduction system, or
special circumstances, such as the apical ballooning
syndrome or acute ischemic consequences of congenital
malformations, be discussed.14,20-24

In vectorcardiography, cardiac electrical activity is
recorded as loops: the atrial depolarization (P), ventricular
depolarization (QRS), and ventricular repolarization (T)
loops. Although vectorcardiography is an excellent tool for
training in electrocardiography, and the method has the
potential to help in distinguishing acute myocardial ischemia
from nonischemic states, its role in the modern era of
invasive cardiology could be questioned. For deeper insight
into this method, the reader is referred to textbooks and
articles on vectorcardiography.15,25


ST-segment elevation (STE)


After acute epicardial coronary artery occlusion and after
the appearance in the ECG of tall and peaked T waves, STE,
representing transmural ischemia, appears if the artery remains
occluded.26 Depending on several factors, such as success of
epicardial and myocardial reperfusion and duration of
occlusion of the artery, the evolution of these ECG changes
may take different pathways. In most cases, the STE resolves
and the T waves become inverted, usually with the develop-
ment of pathological Q waves depending on the resulting
amount of necrosis. Even normalization of the ECG is possible
after a short episode of vessel occlusion as is the case in aborted
thrombotic MI or vasospastic (Prinzmetal) angina.15,27


ST-segment depression (STD)


When ischemia is confined primarily to the subendocar-
dium, the overall ST vector typically faces the inner
ventricular layer and the ventricular cavity such that the
surface ECG leads show STD. This subendocardial ischemic
pattern is a frequent finding during spontaneous episodes of
angina at rest and represents the typical ECG finding during
exercise tests, as energy demands are highest and blood
supply most precarious in the inner layers of the myocar-
dium. Typically, maximal STD in demand ischemia is
recorded in the precordial leads V4-V6, often associated with
STD in the extremity leads II, III and aVF, independently of
disease severity or of the localization of stenoses within the
coronary arteries. In cases of severe extensive subendocar-
dial ischemia, as in acute subtotal or even total occlusion of
the left main coronary artery, the injury vector may be seen
as STD in the majority of the ECG leads but as STE in lead
aVR. In these cases, extensive ischemia impairs relaxation of
the left ventricle, resulting in increase of the left ventricular
end-diastolic pressure.28,29 Inducing global left ventricular
ischemia in dogs by hydraulic constriction of the left main
trunk resulted in a significant decrease in the endocardial-to-
epicardial flow ratio and a significant increase of left
ventricular end-diastolic pressure.30 Also, inducing elevation
of the left ventricular pressure by pacing in patients with
significant CAD is associated with STD in the ECG.31


T wave changes


The genesis of the T wave on a cellular level has been a
matter of debate through the entire 20th century.32 Longer
action potential duration in the endocardium than in the
epicardium is required to generate the normal positive Twave
predominant in most of the 12 standard ECG leads. The







infarct-related artery and the location of occlusion may be
determined by using specific algorithms.13,47-49 Studies
related to this topic differ considerably with respect to the
number of patients, exclusion criteria, and also in temporal
relationship between ECG recording and coronary angiogra-
phy. There is also wide variation in reported sensitivity (12%-
100%) and specificity (40%-100%) of the algorithms used by
the different authors. Recording additional leads for more
accurate diagnosis of right ventricular infarction (lead V4R) in
patients with inferior STEMI and of posterior chest leads (V7-
V9) in patients with STD in the right precordial leads V1-V3
has been recommended.2,3,50,51


Clinical implications: In patients with STE-ACS, the
characteristics of the ST segments contain important
information about the culprit artery and the site of occlusion
with respect to side branches.


1.2. STEMI equivalent: mirror-image pattern
Perloff52 in 1964 described the typical pattern of a “strictly


posterior”MI involving STD in leads V1-V2 and prominent R
wave inV1. Recently, it has been demonstrated by comparison
with cardiac magnetic resonance images in the subacute MI
phase that this area is actually lateral.53 Precordial STD,
typically in V1-V3/V4, is found in ∼50% of patients with
inferior acute MI fulfilling criteria for reperfusion therapy.54 If
the culprit lesion is distal to the first marginal branch in a
nondominant LCx, or distal to the right ventricular branches of
an RCA with predominant posterolateral distal branches, the
area of transmural ischemia is confined to the midbasal
inferolateral left ventricular segments. The resultant injury
vector is directed toward leads placed on the posterior thorax
(leadsV7-V9), resulting in STE in these leads.55 Inmost cases,
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clinical consideration of “T wave changes” has been
complicated by use of inconsistent terminology. Recent
American Heart Association standards have been established,
which include “peaked” for increased positivity and
“inverted” for negativity.33 Transiently peaked T waves
with lengthening of the QT interval are the first manifesta-
tions of acute myocardial ischemia in case of sudden
complete occlusion of an epicardial coronary artery, including
coronary spasm.34-37 Inverted Twaves in the early phases of
STEMI have been associated with improved patient outcome
related to an open infarct-related artery, restored myocardial
blood flow, reappearance of the R wave, and better left
ventricular function.38-40 We define inverted T waves when
the terminal portion of the Twave is below the isoelectric line.


Twave evolution in ischemic heart disease is not a marker
of cell death but is instead caused by changes in the ion
channels in regions of the heart that remain viable after an
episode of severe ischemia.28 In patients who develop inverted
T waves, episodes of reischemia often manifest as a change
in the T wave vector with positive T waves, with or without
STE (“pseudonormalization”), in the ischemic region.41-43


Patients presenting with T wave changes represent a
heterogeneous group, and the underlying mechanism may
not be easily appreciated from the ECG at presentation in an
individual patient. However, the evidence points to the fact
that—just as in demand ischemia during an exercise test in
stable CAD—new, isolated, inverted T waves never appear
in acute ischemia in ACS.44,45


A number of clinical states, besides ischemic heart disease,
ranging from entirely benign presentations such as hyperventi-
lation to life-threatening conditions (such as increased intracra-
nial pressure), may be associated with inverted T waves.45

there is STE, sometimes not fulfilling criteria for reperfusion
therapy, in leads II, III, aVF, and/or V6 (Fig. 2). There are even
cases without STE in any of the traditional 12 ECG leads.56


Some NSTE-ACS patients with LAD disease may also have
STD in leads V1-V3/V4 (see Section STD of regional
subendocardial ischemia). The posterior chest leads V7 to
V9may help in differentiating these 2 clinical entities.Whether
the ratio of amplitudes of the STD and of the T wave in the
different ECG leads further aids in differentiating the 2 ECG

ECG patterns in ACS at presentation and during the
evolving stages: prognostic and clinical implications


The various ECG patterns in patients with a clinical
diagnosis of ACS are described. They represent a wide
spectrum of clinical situations with a variable prognosis. The
controversy between the clinical classification and the
pathophysiologic concept is discussed.

A. Transmural ischemia


1. ECG pattern: STE


1.1. Typical STE-ACS pattern
Acute total occlusion of an epicardial coronary artery or a


major side branch is typically represented as STE in the frontal
and/or transverse planes, associated with STD, which is often
recognizable in some leads and usually of less magnitude than
the STE (Fig. 1). However, in some cases of left circumflex
(LCx) or right coronary artery (RCA) occlusion, the initial
ECG may show STD due to the fact that the injury vector is
directed to the posterior thorax (see Section STEMI
equivalent: mirror-image pattern). In anterior MI, when the
maximal STE is in leads V2 to V4, the culprit artery is almost
exclusively the LAD. In case of STE-ACS with STE in the
extremity leads II, III, and aVF, frequently associated with
STD in V1 to V3, the culprit artery is the RCA or the LCx. The


patterns needs to be further explored.
Clinical implications: In patients with suspicion of ACS,


STD in the right precordial leads V1-V3/V4 represents with
high probability a “mirror pattern” of transmural injury in the
midbasal inferolateral region of the left ventricle and is
usually associated with a culprit lesion in the LCx or the
RCA. According to the American College of Cardiology/
American Heart Association guidelines for STEMI, patients
with STD in the right precordial leads, especially when
accompanied by STE in the posterior chest leads (V7-V9) or
even small STE in the inferior leads or in lead V6, should
receive acute reperfusion therapy even in the absence of
significant STE in any of the traditional 12 ECG leads.2


2. ECG pattern: other than STE


2.1. Hyperacute phase: tall T waves
In acute coronary artery occlusion, hyperacute T waves


usually persist for only a brief period and are typically







followed by STE. Sometimes, the tall Twave may be a more
persistent ECG pattern expressing grade 1 of ischemia,57-59


especially in patients with preexisting significant stenosis of
the culprit artery and rich collateral circulation to the
ischemic zone. In an individual patient, the exact cutoff
point for a pathologically high T wave is difficult to define
because the range of normal for T waves in different leads is
wide. However, T waves in acute ischemia are character-
istically symmetric. Follow-up ECGs or continuous record-
ing is recommended to identify dynamic changes (transient
patterns) (Fig. 3).


There are many clinical situations, other than ischemic
heart disease, such as hyperkalaemia, early repolarization,
and ventricular hypertrophy, which may present tall and
peaked positive T waves. Also, persistent tall T waves may
be the expression of a mirror pattern of chronic lateral
myocardial ischemia.15


Clinical implications. In patients with transient peaking
of the T waves in the precordial leads recorded during chest
pain, the probability of CAD is very high. Because this state
may progress to STEMI, the patients should have close
surveillance with follow-up ECGs or continuous recording.
Guideline-based antiplatelet and anticoagulant therapy and
invasive evaluation are recommended. However, currently,


this ECG pattern is not an indication for reperfusion therapy,
unless STE appears.


2.2. Postacute phase: deeply inverted T waves in the
precordial leads


In 1955, Pruitt et al60 found an association between a
distinct ECG pattern—inverted T waves of 5 mm or more
in lead V3 (no or less T wave inversion in lead V5) without
changes in the QRS complex or LVH—and clinical
evidence of CAD. In the 1980s, it was shown that almost
20% of consecutive patients admitted because of an
impending acute MI developed a similar ECG pattern,
minimally elevated or isoelectric ST segments and inverted
T waves in the precordial leads, without changes in the QRS
complex, within 24 hours (the Wellens sign).61 Of patients
who did not have bypass surgery, 3 of 4 developed a usually
extensive anterior MI within a few weeks of admission. In
a later study, in which most patients underwent invasive
treatment, the ECG finding was strongly associated with
significant stenosis in the proximal portion of the LAD.62


More than half of the patients had a critical narrowing of
the artery, 1 in 5 with total occlusion and collateral flow
to the LAD territory. During an attack of chest pain, the
ST-T changes normalized (pseudo-normalization), and STE


Fig. 1. Typical STE is present in all precordial (B) leads except C6 and also in the extremity (A) leads I and aVL. STD is present in the extremity leads II, III, and
aVF. This ECG pattern has been associated with an occlusion of the proximal part of the LAD. STE without Q waves or inverted T waves represents the
“window-of-opportunity” for reperfusion therapy before irreversible myocardial necrosis develops.46
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even appeared. Long-term follow-up showed excellent
prognosis after invasive treatment, and normalization of
the ECG changes in most of the patients. Also, the ECG
pattern has been linked to transient anterior wall motion
abnormalities in patients with UA and significant LAD
disease (Fig. 4).63


This ECG pattern, that is, inverted T waves in the
precordial leads V1/V2-V3/V4 (leads with predominantly
rS-configuration), is classified as NSTE-ACS. However, in
most cases, it is not recorded during the symptomatic
ischemic phase, but during the “postischemic” reperfusion
phase—spontaneous or induced by reperfusion therapy—of


Fig. 2. 12-Lead ECG recorded during chest pain in a patient with acute occlusion of the LCx coronary artery. No significant lesions were present in the other
coronary arteries. The ECG shows STD in leads V1 to V4 and only minor STE, not fulfilling (STEMI) criteria, in leads I, aVL, and V6.


Fig. 3. A, During balloon occlusion, one can appreciate the dynamic nature of ischemic ECG changes (precordial leads V1-V6). At the start of balloon occlusion
(first complex), in lead V3, a deep inverted Twave is present. In the last complex, during balloon occlusion, the Twave is peaked positive without STE (pseudo-
normalization). This represents grade I of ischemia. After 1 minute of balloon occlusion, concomitant STE (transmural ischemia) was present (not shown). B, In
another patient, during acute chest pain, a tall, peaked T wave with an iso-electric ST segment in lead V2 represents the only ECG sign of ischemia (a). Five
minutes later, STE appears (b), followed within ten minutes by R wave increase and S wave decrease (c), indicating severe ischemia.
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an anterior STE-ACS. In case of spontaneous reperfusion,
there is a potential for impending reocclusion, especially if
not recognized and treated aggressively.


Clinical implications: Inverted T waves with iso-
electric or minimally elevated ST segments in leads V1/
V2-V3/V4 in combination with a clinical suspicion of
ACS are indicative of a “post-ischemic state” of the
anterior wall, most likely caused by a significant stenosis
in the proximal portion of the LAD with an open infarct-
related artery or a totally occluded artery with good
collateral circulation. Prompt initiation of antithrombotic
and anti-ischemic medication should be considered. After
thrombolysis or percutaneous coronary intervention, this
ECG pattern indicates successful reperfusion. Guidelines
recommend urgent invasive evaluation in case of
recurrent angina despite intense antianginal treatment. In
case of dynamic, symptomatic, or silent T wave changes
on follow-up, routine invasive evaluation within 72 hours
is mandatory.3


B. Subendocardial ischemia


1. NSTE-ACS ECG patterns
The STD that is typical of NSTE-ACS can be caused by


either circumferential or regional subendocardial ischemia.


1.1. STD of circumferential subendocardial ischemia
The 12-lead ECG is valuable in appreciating the extent of


myocardial ischemia in NSTE-ACS. Widespread STD
during anginal pain present in 6 or more leads, often with
inverted T waves, has been associated with autopsy-proven
subendocardial MI caused by left main-, left main equiva-
lent-, or severe 3-vessel disease.13,64,65 However, if the ECG
is recorded when symptoms resolve, it may even be
normal.66 Sudden occlusion of the left main coronary artery
may present as widespread STD and inverted T waves with
STE only in lead aVR, or alternatively, as STE-ACS with
severe hemodynamic compromise and high probability of
cardiogenic shock and/or ventricular fibrillation (Fig. 5).66-69


The first reports in the literature of the ECG changes
associated with severe subendocardial ischemia/infarction
appeared in the 1940s, with confirmation in larger series in
the 1950s.64,70-73 Sclarovsky et al65 confirmed the impor-
tance of the direction of the T wave from both anatomic and
prognostic perspectives. Inverted T waves associated with
STD in the precordial leads during chest pain were
associated with high in-hospital mortality and severe CAD
in coronary angiography. Peaked T waves correlated with a
favorable outcome and less severe disease. The findings
were confirmed in patients with elevated troponin levels and
nontachycardia-induced, transient, ischemic STD during
anginal pain.44


Prominent STD has been associated with an increased
likelihood of 3-vessel and left main CAD.74,75 High
probability of death or MI when not receiving early coronary
angiography in patients with 6 or more leads with inverted T
waves and concomitant STD was shown. Also, in patients
with NSTE-ACS, STD and inverted T waves in leads V4 to
V6 proved to be an independent predictor of 1-year
mortality, whereas STD with positive T waves in the same
leads and STD and/or T wave inversion in other lead groups
(I and aVL; II, III, aVF; V1-V3) were not independently
associated with 1-year mortality.76


In consecutive patients with angiographically proven left
main CAD, the most frequent ECG pattern observed during
pain was STD, especially evident in V3 to V5 (maximal in
lead V4) and STE in leads V1 and aVR.66 Almost identical
ECG changes were present in an exercise test performed in
most patients, indicating similar pathophysiologic pro-
cesses. The same investigators showed an association
between an ECG pattern during active chest pain showing
STD in leads I, II, and V4-V6 and STE in lead aVR, and
severe CAD in angiography.77 In multivariate analysis, STE
0.5 mm or more in lead aVR has been a stronger predictor
than troponin for left main coronary artery or 3-vessel
disease.78 In patients presenting with a first NSTEMI,
increasing STE in lead aVR predicted in-hospital morbidity,
mortality, and risk of 3-vessel or left main disease.79 STE in


Fig. 4. Four consecutive ECGs (precordial leads) from a patient with acute occlusion of the LAD. Typical STE is seen in leads V1 to V4 during the occlusive
phase (A). ST-resolution with inverted T waves represents myocardial reperfusion (B). Reocclusion manifests as pseudo-normalization of the T waves
(C). Reappearance of negative T waves is evident when ischemia has subsided (D). (Please note technical error in C, lead V2.)
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aVR greater than in V1 was a predictor of left main disease
in a series also including STE-ACS.80 Also, in some
patients with proximal LAD occlusion, the initial ECG may
show this pattern.81


STE in aVR is occasionally accompanied by STE in lead
III and widespread STD maximal in leads V4 to V6.82 The
potentially fatal scenario caused by acute occlusion of the
RCA, supplying the anterior left ventricular wall through
collateral circulation to a chronically occluded LAD, was
first described in the 1940s.83


The ECG pattern of diffuse STD with inverted T waves
in the lateral precordial leads and concomitant STE in lead
aVR can be seen in various other clinical situations
associated with an increased left ventricular end-diastolic
pressure, such as rest angina with sinus tachycardia,
chronic MI with restrictive remodeling, and in exercise
tests, supporting the pathophysiologic basis for the ECG
changes proposed in the present document (Section ST
segment depression).84,85


Clinical implications: ACS patients with STD in 6 or
more leads, maximal in leads V4 to V6, especially when
associated with inverted T waves and STE in lead aVR,
should have high priority for urgent invasive evaluation
because of high probability of severe angiographic CAD. No
randomized clinical studies have evaluated the possible role
for thrombolytic therapy in these patients. However,


considering the anatomic and physiologic bases for the
ECG pattern and the well-documented ineffectiveness of
thrombolytic therapy in NSTEMI, we strongly recommend
not to subject patients to the bleeding hazards related to
these compounds.


1.2. STD of regional subendocardial ischemia
Some ACS patients with 1-vessel disease but without


total coronary artery occlusion present with angina at rest,
typically caused by plaque rupture or erosion with flow
restriction. In these patients, myocardial ischemia is
restricted to the myocardial segment supplied by 1 coronary
artery or its side branch (Fig. 6). In general, the ECG
manifestations of regional subendocardial ischemia are less
well defined than those of circumferential subendocardial
ischemia or of transmural ischemia. Characteristically, the
number of leads with STD is usually less than 6. In the
1970s, it was shown that angiographically documented
subtotal occlusion of the LAD produced STD in leads V2 to
V4, whereas during temporary total vessel occlusion, STE
in the same leads was present.86,87 Later, it was shown that
STD with positive T waves in the precordial leads was
associated with single-vessel disease.65 The authors noted
increase in the amplitude of the T wave and more downward
displacement of the ST segment as long as the ischemic
event endured. A likely cause of the increased T wave


Fig. 5. In a patient with left main CAD, the ECG is normal when the patient is asymptomatic (A). During chest pain, the ECG pattern of circumferential
subendocardial ischemia—widespread STD with inverted T waves and concomitant STE in lead aVR—is present (B).
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amplitude is K+ ATP–dependent hyperpolarization of the
myocytes.28 The presence of STD with positive T wave in
the same precordial leads has been described as regional
subendocardial ischemia due to LAD occlusion.13 Apart
from the association with LAD disease, the ECG pattern has
been connected to a total occlusion of the first diagonal, the
first obtuse marginal, or the intermediate side branch. A
similar ECG pattern, STD with positive T waves may be
present in regional transmural ischemia caused by total
occlusion of the LCx or the RCA (mirror-image of STE and a
negative T wave of reperfusion; Fig. 2; see Section STEMI
equivalent: mirror image pattern).88


Clinical implications: Patients with STD and positive T
waves in the precordial leads represent a subgroup with high
probability of 1-vessel disease, usually significant LAD
stenosis or side branch occlusion, treatable with percuta-
neous coronary intervention (PCI).


Patients with NSTE-ACS may present with flattened or
mildly inverted T waves and/or negative U waves as the
only abnormality (Fig. 7). During anginal pain, the
appearance of inverted T waves is almost exclusively
associated with the presence of STD. However, the STD
may be rather mild, and the inverted T wave may be
more evident, and hence, these patients may be classified
as having only T wave changes. However, isolated
inverted T waves often represent postischemic reperfusion
changes. The determination of the culprit vessel in case of
NSTE-ACS presenting with slightly inverted T waves is
not as straightforward as in case of total vessel occlusion
with transmural ischemia. If the T wave inversion is
present in leads V1/V2-V3/V4, significant stenosis of the
proximal LAD is probable (the Wellens sign; see Section
Postacute phase: deeply inverted T waves in the


precordial leads and Fig. 4). The relationship between
inverted T waves and coronary angiography or multislice
computed tomography findings in other than LAD disease
needs to be further explored.


The prognosis of patients presenting with inverted T
waves without STD is similar to or only slightly worse
than the prognosis of patients with a normal ECG.89,90


Transient U wave inversion or increase in U wave amplitude
may be due to myocardial ischemia, and in case of location to
the precordial leads, there is high probability for LAD
disease.91,92 Transient U wave inversion is, however, seldom
seen as an isolated abnormality in spontaneous ischemia.


Inverted T waves are not specific for ACS. Differential
diagnostic alternatives, such as hyperventilation, pulmonary
embolism, stroke, electrolyte disturbances, and others
should be considered.


Clinical implications: Isolated T wave inversion influ-
ences patient prognosis only when it appears in the
precordial leads as the Wellens sign.


C. Normal ECG


In large randomized trials of NSTE-ACS, the proportion
of patients with normal ECG has been in the range of 15%
to 20%.93,94 However, it should be pointed out that it is
exceptional to have a normal ECG recorded during pain of
cardiac ischemic origin, except in case of so-called pseudo-
normalization.66,95 One reason for the absence of ECG
changes in case of ACS is the cancellation of vectors from
anatomically opposite ischemic areas, resulting in masking
of extensive ischemia. Even if ACS is confirmed, the
prognosis is better in cases with normal ECG compared with
patients with ST changes.89


Fig. 6. The ECG was recorded during an episode of chest pain in a patient with single-vessel CAD. On angiography, there was a 95% stenosis of the midpart of
the LCx coronary artery. The STsegment is depressed in leads I, II, aVF, and V3-V6. These leads with STD show positive Twaves. The STsegment is elevated in
leads aVR and V1. A second ECG recorded when the patient was pain free showed no significant ST changes.
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D. ECG patterns in the presence of confounding factors


Up to 25% of patients presenting with NSTE-ACS will
have changes confounding ECG interpretation, such as
bundle branch block, LVH, the Wolff-Parkinson-White
pattern, or paced rhythm. Confounding factors affect the
ECG interpretation to a variable degree. More detailed
description of this topic is not part of this document.
Unresolved issues


It is evident that in STE-ACS, with some limitations, the
12-lead ECG gives valuable information about the degree
and extension of ischemia and also about the location of the
occluded artery. The same is not the case for NSTE-ACS.
The ECG pattern of circumferential subendocardial ische-
mia is rather straightforward, although large prospective
studies are needed to find ECG characteristics, such as the
direction of the T wave, that could differentiate the most
urgent cases with left main disease from the somewhat less
severe cases with 3-vessel disease.


The ECG pattern of regional subendocardial ischemia
should be explored in closer detail in prospective studies.


In cases of STD in V1-V3/V4 with positive T waves,
subtotal occlusion of the LAD has been reported. How-
ever, when the STD is present in the lateral and/or
inferior leads, the culprit artery is not easily determined
(Fig. 6).


The pattern of symmetrical, inverted T waves in leads
V1/V2-V3/V4 (the Wellens sign) is well known from the
literature, but the mechanism behind flat or inverted T
waves of low amplitude in leads with a prominent R
wave is less well defined. The following observations
indicate that isolated inverted T waves do not represent
active, ongoing myocardial ischemia:


a) Inverted T waves appear in the resolution phase
of STEMI.


b) Inverted T waves appear after reperfusion in STEMI
c) Inverted T waves without STD almost never appear in


a positive exercise test or in NSTE-ACS during
anginal symptoms.


d) NSTE-ACS with inverted T waves has better prog-
nosis than NSTE-ACS with STD.


Fig. 7. A patient with atypical chest pain presented very discrete changes in the V2 and V3 leads: slightly negative U waves with slightly positive T waves (B).
However, the changes are significant when compared with the previous ECG (A). The exercise stress test showed ischemic STD, and the coronary angiography
showed a proximal LAD stenosis treated with PCI.
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However, in patients with ACS, prospective trials are
needed to determine if all these aspects can be confirmed.
Also, the significance of different ECG patterns in sub-
populations, such as after bypass surgery and with preexist-
ing ECG changes, such as ventricular hypertrophy, need
better confirmation. The clinical significance of different
evolving patterns of inverted T waves also needs to
be explored. T-wave normalization within a few days post-
STEMImay carry different prognostic information compared
with T wave inversion persisting for a long time.
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Concluding remarks


The 12-lead ECG is a well-documented and clinically
important tool for the evaluation of patients presenting with
suspected ACS. Despite limitations, like the presence of
chronic changes, the ECG adds considerable information for
risk stratification and clinical decision support for treatment
strategies.


The information obtained from the 12-lead ECG at
presentation should be complemented by repeated ECGs
especially during symptoms indicative of ischemia, and if
possible, by comparing the findings with reference ECGs.
Also, continuous ECG recording in a coronary care setting,
including the comparison of ECGswith andwithout pain, adds
to the information gained at patient presentation.


Use of tele-ECG consultations from emergency health
care professionals to experts in ECG interpretation should be
encouraged. ECG-based diagnostic algorithms help in
speeding the decision process in the prehospital setting and
in busy emergency departments.


The role for techniques enabling extended recording sites,
such as body surface mapping, in the acute setting to
improve ischemia detection, needs to be proven.


The understanding of pathophysiologic mechanisms of
different ECG manifestations of myocardial ischemia will
improve during the next few years, thanks to correlation with
new technology, such as cardiac magnetic resonance
imaging and multislice computed tomography, and also to
new information from basic research.


Finally, the authors of this document strongly recommend
performing well-designed studies to evaluate the signifi-
cance of distinct ECG patterns in different patient groups
with ACS.
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Myocardial Infarction


ffect of Door-to-Balloon
ime on Mortality in Patients With
T-Segment Elevation Myocardial Infarction
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nd Seattle, Washington


OBJECTIVES We sought to determine the effect of door-to-balloon time on mortality for patients with
ST-segment elevation myocardial infarction (STEMI) undergoing primary percutaneous
coronary intervention (PCI).


BACKGROUND Studies have found conflicting results regarding this relationship.
METHODS We conducted a cohort study of 29,222 STEMI patients treated with PCI within 6 h of


presentation at 395 hospitals that participated in the National Registry of Myocardial
Infarction (NRMI)-3 and -4 from 1999 to 2002. We used hierarchical models to evaluate the
effect of door-to-balloon time on in-hospital mortality adjusted for patient characteristics in
the entire cohort and in different subgroups of patients based on symptom onset-to-door time
and baseline risk status.


RESULTS Longer door-to-balloon time was associated with increased in-hospital mortality (mortality
rate of 3.0%, 4.2%, 5.7%, and 7.4% for door-to-balloon times of �90 min, 91 to 120 min,
121 to 150 min, and �150 min, respectively; p for trend �0.01). Adjusted for patient
characteristics, patients with door-to-balloon time �90 min had increased mortality (odds
ratio 1.42; 95% confidence interval [CI] 1.24 to 1.62) compared with those who had
door-to-balloon time �90 min. In subgroup analyses, increasing mortality with increasing
door-to-balloon time was seen regardless of symptom onset-to-door time (�1 h, �1 to 2 h,
�2 h) and regardless of the presence or absence of high-risk factors.


CONCLUSIONS Time to primary PCI is strongly associated with mortality risk and is important regardless of
time from symptom onset to presentation and regardless of baseline risk of mortality. Efforts
to shorten door-to-balloon time should apply to all patients. (J Am Coll Cardiol 2006;47:


ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.12.072

2180–6) © 2006 by the American College of Cardiology Foundation
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ime to reperfusion for patients with ST-segment elevation
yocardial infarction (STEMI) consistently predicts mortality


or fibrinolytic therapy (1–3). In contrast, studies have found
onflicting results regarding the relationship between mortality
nd time to reperfusion with primary percutaneous coronary
ntervention (PCI). Some investigators have found lower


ortality for shorter symptom onset-to-reperfusion time for all
atients (4) or just certain subgroups such as high-risk patients
5) or those presenting within 2 h of symptom onset (6). Other
tudies found no lower mortality for shorter symptom onset-


From the *Department of Medicine, Section of Cardiovascular Medicine, †De-
artment of Epidemiology and Public Health, Section of Health Policy and
dministration, and ‡Robert Wood Johnson Clinical Scholars Program, Yale
niversity School of Medicine, New Haven, Connecticut; §Clinical Research Unit,
aiser Permanente, Denver, Colorado; �Departments of Emergency Medicine and
reventive Medicine and Biometrics, University of Colorado Health Sciences Center,
enver, Colorado; ¶Duke Clinical Research Institute, Duke University, Durham,
orth Carolina; #Genentech Inc., South San Francisco, California; **Ovation
esearch Group, Seattle, Washington; and the ††Center for Outcomes Research and
valuation, Yale-New Haven Hospital, New Haven, Connecticut. This research was


upported by the National Heart, Lung, and Blood Institute, R01HL072575. Dr.
laney is employed by Genentech, Inc.

a
Manuscript received August 12, 2005; revised manuscript received December 15,


005, accepted December 19, 2005.

o-balloon time but did find lower mortality for shorter
oor-to-balloon time (7,8). Finally, some studies failed to find
n association between either symptom onset-to-balloon time
r door-to-balloon time and mortality (9,10).


Although the American College of Cardiology/American
eart Association (ACC/AHA) guidelines for manage-
ent of patients with STEMI recommend door-to-balloon


imes of 90 min or less (11,12), a minority of patients are
urrently treated within this time period, and this pattern
as not changed recently (13). The perception that time to
eperfusion is less important in PCI (9,10) may contribute
o the current inertia in performance. To evaluate the effect
f door-to-balloon time on mortality in these patient
roups, we used detailed patient-level and hospital-level
ongitudinal data from a national sample of patients with
TEMI admitted from 1999 to 2002 from the National
egistry of Myocardial Infarction (NRMI)-3 and -4 (14).


ETHODS


tudy design and sample. We used NRMI, a voluntary


cute myocardial infarction (AMI) registry sponsored by
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enentech Inc. (South San Francisco, California), to define
cohort of patients with STEMI who received acute


eperfusion therapy with primary PCI. The NRMI criteria
15,16) include a diagnosis of AMI according to the
nternational Classification of Diseases, Ninth Revision, Clin-
cal Modification (code 410.X1) and any one of the following
riteria: total creatine kinase or creatine kinase-MB that was
wo or more times the upper limit of the normal range or
levations in alternative cardiac markers; electrocardio-
raphic evidence of AMI or nuclear medicine testing,
chocardiography, or autopsy evidence of AMI. During our
tudy period of January 1, 1999, to December 31, 2002,
here were 830,473 AMI admissions in NRMI. The fol-
owing patients were excluded sequentially: patients trans-
erred to or from another acute care institution (n �
41,730); with neither ST-segment elevation (2� leads) nor
eft bundle branch block on the first electrocardiogram
ECG) (n � 334,013); with AMI symptom onset after the
dmission date and time (n � 4,305); with a nondiagnostic
rst ECG (e.g., the first ECG did not show ST-segment
levation or left bundle branch block; n � 14,314); with
iagnostic ECG that preceded hospital presentation by
ore than 1 h (prehospital ECG), or with time from


oor-to-diagnostic ECG that was more than 6 h or missing
n � 6,467); who did not receive primary PCI (n � 92,772);
ith door-to-balloon times that were negative, more than
h, or missing (n � 925); and with unknown time of


ymptom onset (n � 4,804). In addition, to avoid including
ospitals that performed primary PCI uncommonly, pa-
ients treated in hospitals reporting fewer than 20 PCI
atients over the four-year time period (n � 1,921) were
xcluded. The final cohort included 29,222 patients from
95 hospitals. Mortality status at the time of discharge was
nown for all patients.
ata collection and measures. Our outcome was in-


ospital mortality, and the principal independent variable was
oor-to-balloon time, which is the time from hospital arrival to
alloon inflation, derived from the corresponding date/time
oted in the medical record and recorded in the NRMI case
eport form. Patients were stratified based on their time from
ymptom onset-to-door time (�1 h, �1 to 2 h, �2 h) and
hether they had ACC/AHA high-risk factors (anterior/


eptal location, diabetes mellitus, heart rate �100 beats/min,


Abbreviations and Acronyms
ACC � American College of Cardiology
AHA � American Heart Association
AMI � acute myocardial infarction
CI � confidence interval
ECG � electrocardiogram
NRMI � National Registry of Myocardial Infarction
PCI � percutaneous coronary intervention
STEMI � ST-segment elevation myocardial infarction

ystolic blood pressure �100 mm Hg) (11). s

Other patient-level variables included age (�65 years, 65
o 79 years, �80 years), gender, race/ethnicity (white, black,


ispanic, other), insurance status, and clinical characteris-
ics. Clinical characteristics consisted of medical history
current smoker, chronic renal insufficiency, previous AMI,
ypertension, family history of coronary artery disease,
ypercholesterolemia, congestive heart failure, previous per-
utaneous transluminal coronary angioplasty, previous cor-
nary artery bypass graft surgery, chronic obstructive pul-
onary disease, stroke, angina, diabetes); presentation


haracteristics (time from symptom onset-to-presentation,
hether a prehospital ECG was performed, the admission


ime of day [day, evening, or night], admission day of week
weekday or weekend], chest pain at presentation, systolic
lood pressure, heart rate, heart failure); and the results of
he diagnostic ECG (number of leads with ST-segment
levation, AMI location, ST-segment depression, nonspe-
ific ST/T-wave changes, Q-wave). Calendar time, mea-
ured as the number of days between January 1, 1999, and
he hospital admission date, was included as an independent
ariable to account for any secular trends as well as for
iffering reporting periods by hospitals.
tatistical analysis. We first examined the bivariate asso-
iation between patient characteristics and in-hospital mor-
ality, using chi-square tests to assess for the association
etween categorical variables and in-hospital mortality and
tests or F tests to assess for the association between


ontinuous variables and in-hospital mortality.
We then examined the bivariate association between


oor-to-balloon time and in-hospital mortality with door-
o-balloon time as a categorical variable. We did this for the
hole cohort and stratified by symptom onset-to-door time


�1 h, �1 to 2 h, �2 h) and presence or absence of
nterior/septal location, diabetes mellitus, heart rate �100
eats/min, systolic blood pressure �100 mm Hg, and any of
hese baseline risk factors.


For the independent effect of door-to-balloon time on
n-hospital mortality, we used a multivariable logistic re-
ression model using in-hospital death as the dependent
ariable. Because NRMI enrolls hospitals that then report
atients, we could not assume that measurements were
ndependent of hospital; assessment of intraclass correla-
ions indicated that variation in both time to treatment (p �
.1099, 95% CI 0.0916 to 0.1282) and mortality (p �
.0084, 95% CI 0.0052 to 0.0434) was partly explained by
ospital. Thus, we used hierarchical models to account for
lustering of patients within hospitals. Random effects were
pecified for the main intercept and the coefficients of
alendar time in the model. We replicated the model in all
he strata of symptom onset-to-door time and baseline risk
actors, as defined above; the stratification variable was not
ncluded in the corresponding subgroup model. We also
stimated a final set of models using the whole cohort, each
f which included the interaction between door-to-balloon
ime and one of these stratification variables. We performed


econdary analyses that included the 2.0% of patients
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able 1. Patient Characteristics, Door-to-Balloon Time, and In-Hospital Mortality


Description
Prevalence


n (%)


Door-to-Balloon Time
Mortality


Median, min
(Quartile Range) p n (%) p


ll 29,222 (100.00) 102 (54) 1,329 (4.55)
emographics
Age �0.0001 �0.0001


�65 yrs 17,314 (59.25) 99 (52) 356 (2.06)
65–80 yrs 9,425 (32.25) 106 (56) 623 (6.61)
�80 yrs 2,483 (8.50) 115 (59) 350 (14.10)


Gender
Male 20,712 (70.88) 100 (52) �0.0001 739 (3.57) �0.0001
Female 8,510 (29.12) 108 (57) 590 (6.93)


Race �0.0001 0.7847
White 25,082 (85.83) 101 (53) 1,147 (4.57)
Black 1,428 (4.89) 118 (63) 58 (4.06)
Hispanic 971 (3.32) 114 (61) 47 (4.84)
Other 1,741 (5.96) 102 (52) 77 (4.42)


Health insurance �0.0001 �0.0001
Medicare only 5,218 (17.86) 107 (58) 397 (7.61)
Medicare and (commercial or other) 5,037 (17.24) 107 (57) 381 (7.56)
Medicare and Medicaid 473 (1.62) 113 (62) 51 (10.78)
Commercial 13,483 (46.14) 100 (52) 313 (2.32)
Medicaid only 751 (2.57) 104 (56) 37 (4.93)
Veterans Administration 156 (0.53) 95 (55) 6 (3.85)
Other 1,302 (4.46) 98 (53) 49 (3.76)
Self 2,502 (8.56) 97 (50) 80 (3.20)
Unknown 300 (1.03) 105 (61) 15 (5.00)


edical history
Current smoker 11,320 (38.74) 99 (52) �0.0001 282 (2.49) �0.0001
Chronic renal insufficiency 698 (2.39) 117 (65) �0.0001 109 (15.62) �0.0001
Diabetes mellitus 5,440 (18.62) 110 (59) �0.0001 380 (6.99) �0.0001
Previous myocardial infarction 4,800 (16.43) 106 (59) �0.0001 237 (4.94) 0.1565
Hypertension 14,218 (48.66) 105 (55) �0.0001 749 (5.27) �0.0001
Hypercholesterolemia 11,065 (37.87) 101 (54) 0.0124 327 (2.96) �0.0001
Family history of coronary artery disease 8,490 (29.05) 101 (53) 0.0005 230 (2.71) �0.0001
Congestive heart failure 913 (3.12) 118 (65) �0.0001 126 (13.80) �0.0001
Percutaneous coronary intervention 4,259 (14.57) 104 (57) 0.0032 150 (3.52) 0.0005
Coronary artery bypass 1,698 (5.81) 120 (65) �0.0001 109 (6.42) 0.0001
Chronic obstructive pulmonary disease 2,319 (7.94) 107 (58) �0.0001 152 (6.55) �0.0001
Stroke 1,357 (4.64) 114 (65) �0.0001 149 (10.98) �0.0001
Angina 2,312 (7.91) 105 (58) 0.0288 123 (5.32) 0.0633


resentation
Prehospital 12-lead ECG 2,915 (9.98) 83 (50) �0.0001 103 (3.53) 0.0056
Chest pain at presentation �0.0001


No 1,527 (5.23) 123 (73) �0.0001 336 (22.00)
Yes 27,375 (93.68) 101 (52) �0.0001 937 (3.42)
Unknown 320 (1.10) 111 (61) �0.0001 56 (17.50)


Systolic blood pressure �0.0001 �0.0001
�100 mm Hg 2,963 (10.14) 96 (51) 452 (15.25)
100–180 mm Hg 23,433 (80.19) 102 (54) 786 (3.35)
�180 mm Hg 2,724 (9.32) 112 (57) 53 (1.95)
Unknown 102 (0.35) 117 (69) 38 (37.25)


Heart rate �0.0001 �0.0001
�50 beats/min 1,766 (6.04) 95 (48) 143 (8.10)
50–100 beats/min 23,969 (82.02) 102 (53) 793 (3.31)
�100 beats/min 3,376 (11.55) 113 (64) 355 (10.52)
Unknown 111 (0.38) 118 (65) 38 (34.23)


First assessment of heart failure �0.0001 �0.0001
No congestive heart failure 25,908 (88.66) 101 (53) 722 (2.79)
Rales/jugular venous distension 1,895 (6.48) 110 (60) 195 (10.29)
Pulmonary edema 536 (1.83) 124 (76) 105 (19.59)
Cardiogenic shock 883 (3.02) 105 (56) 307 (34.77)

Continued on next page
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ransferred out and assumed they survived to discharge. To
valuate the potential effect of decreasing length of stay on
ur results, we also performed secondary analyses that
valuated mortality within 72 h. The results of both of these
econdary analyses were not substantially different from the
riginal.
Statistical analyses were performed using SAS version 9.1


SAS Institute Inc., Cary, North Carolina), HLM 5.04 for
indows (SSI, Lincolnwood, Illinois), and Stata version


.0 (Stata Corp., College Station, Texas). The investigators
ad full access to all of the data in the study and take
esponsibility for the integrity of the data and the accuracy
f the data analysis.


ESULTS
ample characteristics. The cohort was predominantly
ale (71%) and white (86%), with a mean age of 61.6 years


Table 1). A substantial proportion of patients had a prior
iagnosis of coronary artery disease and/or traditional car-
iac risk factors. Almost 10% received a prehospital ECG,
4% had chest pain, 11% were in overt heart failure, and 2%
ad left bundle branch block. A total of 62% presented
ithin 2 h of symptom onset. There were 58% of the
atients who had an ACC/AHA high-risk feature (36%


able 1 Continued


Description
Prevalence


n (%)


irst 12-lead ECG
Anterior/septal location 10,631 (36.38)
No. of leads with ST-segment elevation


Left bundle branch block 580 (1.98)
2 3,174 (10.86)
3 and 4 19,609 (67.10)
5 and more 5,565 (19.04)
Unknown 294 (1.01)


First 12-lead ECG: ST-segment
depression


13,758 (47.08)


Nonspecific ST or T-wave deltas 856 (2.93)
Q-wave (acute infarct zone) 3,565 (12.20)


imes
Symptom onset-to-door


�1 h 9,487 (32.47)
�1–2 h 8,557 (29.28)
�2 h 11,178 (38.25)


Time/weekday of the admission day
Weekday 8:00AM–3:59PM 10,916 (37.36)
Weekday 4:00PM–11:59PM 5,690 (19.47)
Weekday 12:00AM–7:59AM 4,827 (16.52)
Weekend 8:00AM–3:59PM 3,639 (12.45)
Weekend 4:00PM–11:59PM 2,412 (8.25)
Weekend 12:00AM–7:59AM 1,738 (5.95)


Calendar time
First year 7,978 (27.30)
Second year 7,238 (24.77)
Third year 7,791 (26.66)
Fourth year 6,215 (21.27)


CG � electrocardiogram.

ith anterior/septal location, 19% with diabetes mellitus, (

2% with heart rate �100 beats/min, and 10% with systolic
lood pressure �100 mm Hg).
ssociation with in-hospital mortality. In unadjusted


nalysis, many patient characteristics were significantly as-
ociated with both door-to-balloon time and in-hospital
ortality (Table 1). Notable exceptions were race/ethnicity


nd time/day of presentation. In hierarchical multivariable
nalysis, many patient characteristics continued to be sig-
ificantly associated with mortality (Table 2). In particular,
ll four ACC/AHA high-risk factors were associated with
ncreased mortality. In contrast, symptom onset-to-door
ime was not significantly associated with mortality.


oor-to-balloon time and mortality. In-hospital mortal-
ty increased significantly with increasing door-to-balloon
imes (Fig. 1). This relationship was seen in patients
egardless of symptom onset-to-door time (Fig. 2). The
ssociation between shorter door-to-balloon times and
ower mortality was seen both for patients with ACC/AHA
igh-risk factors and for those without these risk factors
Fig. 3). In hierarchical multivariable analysis, the odds of
n-hospital mortality increased with increasing door-to-
alloon time for all subgroups, whether by symptom onset-
o-door time (Fig. 4A) or presence or absence of risk factors


Door-to-Balloon Time
Mortality


edian, min
uartile Range) p n (%) p


104 (55) �0.0001 656 (6.17) �0.0001
�0.0001 �0.0001


132 (84) 85 (14.66)
118 (67) 129 (4.06)
101 (52) 728 (3.71)
97 (48) 367 (6.59)


109 (62) 20 (6.80)
99 (50) �0.0001 584 (4.24) 0.0190


114 (71) �0.0001 31 (3.62) 0.1867
106 (57) �0.0001 196 (5.50) 0.0037


�0.0001 0.0073
96 (50) 462 (4.87)
99 (50) 339 (3.96)


110 (61) 528 (4.72)
�0.0001 0.3824


90 (52) 492 (4.51)
105 (51) 280 (4.92)
109 (56) 198 (4.10)
110 (55) 160 (4.40)
109 (49) 120 (4.98)
119 (54) 79 (4.55)


�0.0001 0.0531
105 (57) 394 (4.94)
102 (54) 344 (4.75)
100 (53) 339 (4.35)
102 (52) 252 (4.05)

M
(Q

Fig. 4B).







D


I
u
c
a
o
h
g
v
p
o
T
f
t


l
H
f
fi
t
s
o
r
m
n
s
c
v
o
s
e
p
t
P
o
l
t
r
d
t


F
0


T
M
M


D


M


P


F


T


2184 McNamara et al. JACC Vol. 47, No. 11, 2006
Door-to-Balloon Time and Mortality June 6, 2006:2180–6

ISCUSSION


n this large observational study of patients with STEMI
ndergoing primary PCI, we found clear evidence of in-
reased mortality with longer door-to-balloon times. This
ssociation was seen for patients regardless of symptom
nset-to-door time and for patients with and without
igh-risk factors. These findings support the current
uideline-based recommendations for rapid PCI and pro-
ide evidence that this recommendation is valid for all
atients with STEMI and presentation within 6 h of the
nset of symptoms.
ime from symptom onset to reperfusion. Shorter time


rom symptom onset to the administration of fibrinolytic


able 2. Factors Independently Associated With In-Hospital
ortality in Multivariate Hierarchical Logistic Regression
odel (p � 0.01)


Description
Odds Ratio


(95% Confidence Interval) p


emographics
Age


�65 yrs 0.41 (0.36–0.47) �0.0001
�80 yrs 1.98 (1.72–2.27) �0.0001


Female 1.27 (1.14–1.42) �0.0001
edical history
Current smoker 0.74 (0.64–0.84) �0.0001
Chronic renal insufficiency 1.70 (1.36–2.13) �0.0001
Diabetes 1.38 (1.22–1.57) �0.0001
Hypercholesterolemia 0.63 (0.56–0.72) �0.0001
Family history of coronary


artery disease
0.82 (0.71–0.94) 0.0056


Percutaneous coronary intervention 0.74 (0.63–0.88) 0.0005
Coronary artery bypass 1.40 (1.14–1.72) 0.0014
Stroke 1.44 (1.20–1.74) 0.0001


resentation
Chest pain at presentation


No 3.63 (3.13–4.20) �0.0001
Unknown 3.76 (2.76–5.12) �0.0001


Systolic blood pressure
�100 mm Hg 3.75 (3.27–4.30) �0.0001
�180 mm Hg 0.43 (0.33–0.55) �0.0001
Unknown 4.59 (2.23–9.46) �0.0001


Heart rate
�50 beats/min 0.84 (0.69–1.03) 0.0992
�100 beats/min 2.31 (2.02–2.64) �0.0001
Unknown 2.27 (1.08–4.75) 0.0299


First assessment of heart failure
Rales/jugular venous distension 2.19 (1.87–2.56) �0.0001
Pulmonary edema 3.30 (2.63–4.14) �0.0001
Cardiogenic shock 7.25 (6.13–8.58) �0.0001


irst 12-lead electrocardiogram
Anterior/septal location 1.81 (1.61–2.03) �0.0001
No. of leads with ST-segment


elevation
Left bundle branch block 2.20 (1.63–2.98) �0.0001
3 and 4 0.98 (0.81–1.18) 0.8147
5 and more 1.44 (1.18–1.77) 0.0005
Unknown 1.43 (0.86–2.38) 0.1659


Q-wave (acute infarct zone) 1.24 (1.06–1.45) 0.0065
imes
Door-to-balloon time per 30 min 1.08 (1.05–1.11) �0.0001

herapy has been consistently shown to be associated with
F
b


ower mortality for patients with STEMI (1–3,17,18).
owever, a meta-analysis of randomized trials found time


rom symptom onset to reperfusion related to mortality for
brinolytic therapy in all patients, but for PCI only in those
reated within 2 h (10). Large single-center observational
tudies have found similar results (4,6). In contrast, analysis
f previous patients in NRMI-1 and -2 found no significant
elationship between symptom onset-to-balloon time and
ortality (7). Similarly, our study of NRMI-3 and -4 did


ot find improved survival for patients with decreased
ymptom onset-to-door time after adjusting for patient
haracteristics. In support of our findings, myocardial sal-
age has been found to be related to time from symptom
nset to fibrinolytic therapy but independent of time from
ymptom onset to balloon (19). In addition to biological
xplanations, methodological issues may account for the
oor relationship. First, the accuracy of the time of symp-
om onset is limited because of patient reporting error.
atients frequently are unsure of the exact time of symptom
nset and usually give an estimate. Second, patients with
ess certainty of time of symptom onset may be more likely
o get PCI than fibrinolytic therapy because of the increased
isk of bleeding for fibrinolytic therapy. Finally, some of the
eaths from STEMI may occur before hospital presenta-
ion. These patients would not be entered into the registry,


igure 1. In-hospital mortality and door-to-balloon time; p for trend �
.001.

igure 2. In-hospital mortality and door-to-balloon time in patients stratified
y symptom onset-to-door time; p for trend � 0.001 for each line.
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nd their absence likely dilutes the relationship between
ymptom onset-to-door time and mortality.


oor-to-balloon time. We evaluated a subset of the
ymptom onset-to-balloon time, the door-to-balloon time.
n addition to improving the accuracy of estimate, door-to-
alloon time is easier to influence because it is more


igure 3. In-hospital mortality and door-to-balloon time in patients
tratified by risk factor status; p for trend � 0.001 for each line. Risk factors
nclude anterior/septal location, diabetes mellitus, heart rate �100 beats/


in, systolic blood pressure �100 mm Hg.

igure 4. Independent effect of door-to-balloon time on in-hospital mortality in
eference group: door-to-balloon time �90 min. DTB � door-to-balloon; MI

nder the control of individual hospitals and physicians
han symptom onset-to-door time (20). As with symp-
om onset-to-balloon time, prior studies evaluating the
ssociation between door-to-balloon time and mortality
ave had mixed results. In the Global Use of Strategies to
pen Occluded Arteries in Acute Coronary Syndromes


GUSTO) IIb trial, 30-day mortality rates increased pro-
ressively with time from randomization to balloon infla-
ion, a close surrogate for door-to-balloon time (8). Analysis
f patients in a prior cohort of NRMI also found increasing
ortality with door-to-balloon times (7). Our study con-


rms this association in patients with more recent data as
ell as in various subgroups of patients.
In contrast, a recent study finding that symptom onset-


o-balloon time was an independent predictor of mortality
ailed to find a similar relationship between door-to-balloon
ime and mortality (4). The discrepancy between these
ndings and those of our study may be explained by the fact
hat only 11% of patients in this single-center study had
oor-to-balloon times �90 min. In contrast, a majority of
atients in the NRMI registry had door-to-balloon times in
xcess of 90 min. A low number of patients with times �90
in may decrease sensitivity of finding a relationship. In

subgroups by (A) symptom onset-to-door time and (B) risk factor status.
� myocardial infarction; SBP � systolic blood pressure.
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ne study, time to reperfusion was found to be important
nly in those at high risk (5). Our study found increasing
oor-to-balloon time to be related to increasing mortality
or all risk groups. The magnitude of the mortality de-
ended on the baseline risk, but the relationship with time
id not differ.
tudy limitations. Although this database is large and has
een found to be reasonably generalizable (16), there are
imitations. First, as mentioned previously, the time from
ymptom onset is obtained from the patient and may not be
ccurate. However, a more accurate time from symptom
nset likely would not affect the main conclusions regarding
oor-to-balloon time. Second, there may be other risk
actors that we did not examine that could identify a
ubgroup of patients in which door-to-balloon time is not
mportant. Third, most of the patients were treated with
oor-to-balloon times greater than guideline recommenda-
ions. The importance of further reductions beyond 90 min
as not been clarified. Fourth, these results cannot be
xtended to patients transferred from one hospital to an-
ther. Finally, door-to-balloon time may be a proxy for
eneral quality of care, with the relationship with mortality
eflecting unobserved quality measures.
tudy implications. Efforts should continue to decrease


he door-to-balloon time for all patients with STEMI
ndergoing primary PCI. Degree of urgency should not
epend on time of symptom onset or baseline risk factors.


eprint requests and correspondence: Dr. Harlan M. Krumholz,
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Background. Cardiogenic shock secondary to acute
yocardial infarction (CS-AMI) is the leading cause of


eath in all acute coronary syndromes. Experience with
he use of left ventricular assist devices (LVADs) in
atients with CS-AMI is limited. One of the surgical
ilemmas when implanting an LVAD into a patient with
n acute anterior wall myocardial infarction is the safety
f apical cannulation. We present a decade of experience
ith the use of LVAD with apical cannulation in patients
ith CS-AMI.
Methods. A retrospective review of the ventricular


ssist device (VAD) database at the Hospital of the
niversity of Pennsylvania was instituted.
Results. From April 1995 to February 2005, 49 patients


eceived LVAD support for CS-AMI (group I). The ma-
ority of these patients suffered anterior wall myocardial


nfarctions. This group of patients was compared with a
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eparate cohort of 61 patients with chronic ischemic
ardiomyopathy who received LVAD support (group II).
he VAD support successfully bridged 38 (74%) group I
atients and 37 (61%) group II patients to heart transplan-


ation. Of the 38 patients transplanted in group I, 33
87%) were discharged from the hospital. In group II, 36
f the 37 patients transplanted (97%) survived to hospital
ischarge. The overall in-hospital mortality rates for the
eries were 33% for group I patients, and 41% for group
I patients.


Conclusions. Left ventricular assist device support in
atients with CS-AMI is a safe and effective therapy
hich should be incorporated into the standard treat-
ent paradigm for appropriate patients presenting with


his lethal disease.
(Ann Thorac Surg 2006;81:1365–71)

© 2006 by The Society of Thoracic Surgeons

ardiogenic shock secondary to acute myocardial in-
farction (CS-AMI) is the leading cause of death in


ll acute coronary syndromes [1]. The current treatment
ecommendations for CS-AMI are initiation of circula-
ory support with an intraaortic balloon pump (IABP)
ollowed by emergent revascularization by percutaneous
oronary intervention (PCI) or coronary artery bypass
rafting (CABG) [2]. Despite this aggressive approach,
atients with CS-AMI have a poor prognosis with mor-


ality rates as high as 70% [3].
Experience with the use of left ventricular assist de-


ices (LVADs) for support of the circulation in patients
ith CS-AMI is limited. Most reports in the literature are


necdotal or consist of small subsets of patients drawn
rom larger LVAD series. The largest existing series
omes from a multicenter trial, which reported a 24%
ortality rate with the use of LVADs in 17 patients with
S-AMI [4]. More recently, Park and colleagues [5]


ccepted for publication Nov 22, 2005.


resented at the Fifty-second Annual Meeting of the Southern Thoracic
urgical Association, Orlando, FL, Nov 10–12, 2005.


ddress correspondence to Dr Acker, Division of Cardiothoracic Surgery,
th Floor Silverstein, Hospital of the University of Pennsylvania, 34th

eported an 85% rate of successful bridge to transplanta-
ion and a 29% mortality rate with the use of LVAD
upport in 7 patients with CS-AMI. Although the data are
imited, the significantly lower mortality rates observed
ith LVAD support of the circulation compared with


ABP and revascularization alone necessitate further in-
estigation into the potential incorporation of LVADs
nto the standard treatment paradigm for CS-AMI.


One of the surgical dilemmas when implanting an LVAD
nto a patient with an acute anterior wall myocardial infarc-
ion is the safety of apical cannulation in the presence of
cutely infarcted apical myocardium, which is typically
ecrotic and friable. Ventricular disruption and bleeding


rom the cannulation site are major concerns with lethal
onsequences. Although left atrial cannulation is an option,
t is suboptimal as it affords inadequate left ventricular
ecompression and limits LVAD inflow. Furthermore, left
trial cannulation and CS-AMI have both been shown to be
ndependent risk factors for the development of left ven-
ricular thrombus and stroke [6].


The purpose of this report is twofold. First, we present
ur experience using LVADs in the treatment of patients
ith CS-AMI. Second, in order to prove the safety and


fficacy of left apical cannulation into acutely infarcted


yocardium, we compared outcomes and complications


0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.11.040
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f this group of patients with a separate cohort of patients
ith chronic ischemic cardiomyopathy who received
VAD support during the same time period at our


nstitution.


atients and Methods


retrospective review of the ventricular assist device
VAD) database at the Hospital of the University of
ennsylvania identified 49 patients who received LVAD
upport by apical cannulation for cardiogenic shock sec-
ndary to acute myocardial infarctions between April
995 and February 2005 (group I). Within this cohort the
istribution of the myocardial infarctions were the fol-


owing: 35 (71%) patients sustained anterior wall infarcts,
(18%) patients sustained inferior wall infarcts, and the


emaining 5 (10%) patients sustained posterolateral in-
arcts. All patients with CS-AMI in the VAD registry who
ad inflow cannulation through the left atrium, or who
xperienced a myocardial infarction greater than 30 days
rior to LVAD insertion, were excluded from this review.
his group of patients was compared with a separate
ohort of 61 patients suffering from chronic ischemic
ardiomyopathy (group II) who received LVAD support
uring the same time period.
Patient demographics are listed in Table 1. The mean


ime from AMI to LVAD implantation for group I was 6.4
7.3 days. The length of hospitalization prior to LVAD


mplantation was significantly less in group I patients (3
4 days vs 12 � 21 days, p � 0.001). At the time of


mplantation, 88% of these patients were already receiv-
ng mechanical circulatory support with an IABP. The
wo groups were closely matched in age, gender, and
ody habitus (as assessed by body surface area). The
ajor risk factor profiles for coronary artery disease


diabetes mellitus, hypertension, smoking) were also


able 1. Patient Demographics and Comorbidities


Demographics
Group I
(n � 49)


Group II
(n � 61) p


ge 54 � 11 57 � 7 0.04
SA (m2) 2.02 � 0.21 1.98 � 0.20 0.36
ender (M) 41 (84%) 51 (84%) 0.68
iabetes mellitus 10 (20%) 22 (36%) 0.09
ypertension 27 (55%) 24 (39%) 0.09
moking 26 (53%) 34 (56%) 0.53
OPD 6 (12%) 8 (13%) 1.0
revious CABG 21 (43%) 31 (51%) 0.45
re-VAD creatinine 1.6 � 0.8 1.8 � 1.0 0.27
VP (mm Hg) 18 � 8 18 � 8 0.75


ABP 43 (88%) 34 (56%) �0.001
reimplantation 3 � 4 12 � 21 �0.001
ength of stay (days)


SA � body surface area; CABG � coronary artery bypass grafting;
OPD � chronic obstructive pulmonary disease; CVP � central
enous pressure; IABP � intraaortic balloon pump; VAD � ven-
ricular assist device.

omparable in both groups. Twenty-one (43%) patients in w

roup I and 31 (51%) patients in group II had undergone
rior CABG. Both groups had evidence of mild renal
ysfunction preoperatively (mean creatinine 1.6 � 0.8 in
roup I vs 1.8 � 1.0 in group II, p � 0.27).


urgical Technique
rophylactic antibiotics were administered prior to ster-
otomy. All procedures were performed on cardiopul-
onary bypass with mild to moderate hypothermia (28–


4°C) and transesophageal echocardiography
onitoring. All patent foramen ovales were closed and


ll thrombus was removed from the left ventricle prior to
nitiation of LVAD support. Implantation of the LVAD
nflow cannula required the removal of a full thickness
ore of myocardium from the left ventricular apex. Inflow
annulas were placed into the left ventricular apex in all
atients in both groups, even in the presence of acutely


nfarcted, grossly necrotic, friable myocardium. Inter-
upted, full-thickness, epicardial to endocardial,
ledgeted horizontal mattress sutures were used to se-
ure the inflow cannula into the apex. The LVAD outflow
acron graft was preclotted with albumin and subse-
uently anastomosed to the ascending aorta in a beveled
r end-to-side fashion. In redo operations, an aortic
ross-clamp was applied and the heart was arrested with
ardioplegia. Otherwise, the aortic anastomosis was per-
ormed with a side-biting aortic clamp and the heart
brillating. After driveline connections were tightly se-
ured, air was removed from the devices, and cardiopul-
onary bypass was weaned as LVAD support was initi-


ted simultaneously.
Right ventricular (RV) failure was defined as LVAD


utput less than 1.8 L · min · m2 with elevated central
enous pressure (� 20 mm Hg) that did not respond to
notropic agents or pulmonary vasodilators (nitric oxide
r inhaled prostacyclin). Right ventricular assist devices
RVADs) were implanted for RV failure or RV arrhyth-


ias refractory to medical therapy, and were inserted
hrough similar techniques as described above for the
VAD. Inflow cannulas were placed into either the right
trium or right ventricle, and outflow cannulas were
nastomosed to the pulmonary artery.
Patients in this series were supported by a variety of


hort-term (BioMedicus [Medtronics, Inc, Eden Prairie,
N]; Abiomed BVS 5000 [Abiomed Cardiovascular, Dan-


ers, MA]), and long-term (Thoratec, HeartMate IP [im-
lantable pneumatic], HeartMate VE [vented electric;
horatec Laboratories Corp, Pleasanton, CA]) devices.
lthough we never primarily implanted Biomedicus
umps, patients on Biomedicus support were transferred


rom outside hospitals to our institution for transplant
valuation. The VAD selection was based on both patient
haracteristics and device availability. Patients with a
ody surface area (BSA) less than 1.8 m2 usually received
n Abiomed BVS (biventricular support) 5000 (only one
atient in group I) or a Thoratec LVAD. From 1995 to
998, patients with a BSA greater than 1.8 m2 received a
eartMate IP LVAD because of its higher flow capacity.
hen the HeartMate VE LVAD became available in 1998,


e began implanting this device for all patients with a
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SA greater than 1.8 m2. This device is a portable system
hat allows for outpatient bridge to transplant, and was
he most common type of LVAD implanted in our series
n either group. Patients with biventricular failure at the
ime of LVAD insertion received the Thoratec biventricu-
ar assist device system (BiVAD). Those patients who
eveloped refractory RV failure after HeartMate LVAD


mplantation were supported by a hybrid combination of
evices, most commonly a HeartMate VE LVAD and a
horatec RVAD (see Table 2).
The VAD-related infections were characterized by clin-


cal evidence of infection with no identifiable extra-
evice source. Driveline infections were defined as ery-


hema of the skin or the presence of pus at the driveline
xit sites. The VAD-related sepsis was defined as persis-
ent bacteremia despite adequate antimicrobial therapy
ith no other identifiable source. Patients with evidence
f infection but no identifiable source were labeled with
AD endocarditis if positive cultures were obtained from


he explanted heart after heart transplantation.


tatistical Analysis
ll data are reported as means � standard deviation.
ontinuous data were compared between the two groups
y an independent sample Student t test. Nominal data
ere compared between the two groups by a �2 or
isher’s exact test for a 2 � 2 table. Statistical significance
as defined as a p value less than 0.05.


esults


entricular assist device support successfully bridged 38
78%) group I patients and 37 (61%) group II patients to
eart transplantation. The mean length of VAD support
rior to transplant was 56 � 54 days (range, 4–208) in
roup I and 65 � 79 days (range, 6–366) in group II. Five
atients in group I underwent emergent CABG as part of


he initial treatment for CS-AMI and subsequently re-


able 2. Ventricular Assist Device Statistics


Device
Group I
(n � 49)


Group II
(n � 61)


VAD 30 (61%) 39 (62%)
Abiomed BVS 0 3 (5%)
Thoratec 8 (16%) 3 (5%)
HeartMate IP 7 (14%) 10 (16%)
HeartMate VE 15 (31%) 23 (38%)


iVAD (LVAD/RVAD) 19 (39%) 22 (36%)
Abiomed BVS 1 (2%) 0
Thoratec 13 (27%) 16 (26%)
HeartMate IP/Abiomed BVS 0 1 (2%)
HeartMate IP/Thoratec 1 (2%) 3 (5%)
HeartMate VE/Thoratec 4 (8%) 2 (3%)


iVAD � biventricular assist device; BVS � biventricular sup-
ort; IP � implantable pneumatic; LVAD � left ventricular assist
evice; RVAD � right ventricular assist device; VE � vented
lectric.

uired postcardiotomy LVAD support. Eleven patients in
G
a


roup II required postcardiotomy LVAD support after
lective CABG. Biventricular support was required in 19
39%) group I patients and in 22 (36%) group II patients.


Both cohorts had similar cardiopulmonary bypass and
ross-clamp times (see Table 3). The rate of reoperation
as approximately 50% in both groups, and most com-
only due to bleeding. Other reasons for return to the


perating room included tamponade, cannula exchange,
ternal closure, and VAD exchange.


Group I patients were more likely to require dialysis
31% vs 10%, p � 0.01). Twelve patients in the entire
eries sustained permanent neurologic injuries after
VAD implantation. There was no difference between


he groups in the incidence of stroke (8% in group I vs
3% in group II, p � 0.54). The VAD-related infections
ere common in both groups (51% in group I vs 33% in
roup II, p � 0.87). There was a trend toward a higher
ncidence of sepsis in group I (37% vs 20% in group II,


� 0.06). Driveline infections and endocarditis were
inimal and equivalent between the two cohorts (see


able 4).
A subset of patients in each group underwent bridge to


ridge therapy prior to transplant. Seventeen patients
nderwent initial circulatory support with a short-term


Abiomed BVS or Biomedicus) LVAD followed by a


able 3. Perioperative Data


Type of Operation
Group I
(n � 49)


Group II
(n � 61) p


ostcardiotomy VAD
placement


5 (10%) 11 (18%) 0.25


AD placed at OSH 8 (16%) 6 (10%) 0.39
PB (min) 143 � 88 140 � 82 0.85
ross-clamp (min) 97 � 53 90 � 46 0.63


PB � cardiopulmonary bypass; OSH � outside hospital; VAD �
entricular assist device.


able 4. Complications


Complication
Group I
(n � 49)


Group II
(n � 61) p


eoperation 28 (57%) 30 (49%) 0.45
Bleeding 14 (50%) 12 (40%)
Other 14 (50%) 18 (60%)


V Failure 19 (39%) 22 (36%) 1.00
ialysis 15 (31%) 6 (10%) �0.01
I Bleed 9 (18%) 4 (7%) 0.26
troke 4 (8%) 8 (13%) 0.54
Heartmate 3 (6%) 5 (8%)
Thoratec 1 (2%) 2 (3%)
Abiomed 0 1 (2%)


AD-related infections 25 (51%) 20 (33%) 0.87
Driveline infection 5 (10%) 6 (10%) 0.66
Sepsis 18 (37%) 12 (20%) 0.06
Endocarditis 2 (4%) 2 (3%) 1.00

I � gastrointestinal; RV � right ventricle; VAD � ventricular
ssist device.
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hange to a long-term univentricular or biventricular
ssist device (Thoratec or HeartMate). Ten (59%) of these
atients were transferred to our institution after being
laced on LVAD support at an outside hospital. Eight


47%) of the 17 patients were successfully bridged to
ransplant and discharged from the hospital. An addi-
ional patient was successfully bridged to a long-term
AD and discharged from the hospital, but expired prior


o transplant. A separate cohort of 9 patients (3 trans-
erred from an outside hospital) presented with complete
irculatory collapse and they were emergently placed on
xtracorporeal membrane oxygenation (ECMO). After
estoration and stabilization of circulatory hemodynam-
cs, all 9 patients were transferred to univentricular or
iventricular assist devices. Six (67%) of the 9 patients
ere successfully bridged to transplantation, and 5 (56%)
atients survived to hospital discharge.
Of the 38 patients transplanted in group I, 33 (87%)
ere discharged from the hospital. In group II, 36 of the


7 patients transplanted (97%) survived to hospital dis-
harge. All posttransplant deaths occurred within 30 days
n both groups. Once transplanted, patients in group I
ended to have a shorter length of stay than group II
atients (23 � 15, group I vs 35 � 33 days, group II, p �
.105), but there was no difference in the overall length of
tay between the two groups. The most common cause of
eath in either group was multisystem organ failure.
here was a single case of successful VAD explantation
ithout transplantation in a group II patient. The overall


n-hospital mortality rates for the series were 33% for
roup I patients and 41% for group II patients (see
able 5).


omment


n the 1990s, changes in the treatment paradigm for
atients presenting in CS-AMI began to impact the high
ortality rate of this lethal presentation. The population-


ased study of CS-AMI by Goldberg and colleagues [3]
evealed that in-hospital mortality rates remained con-
tant around 77% throughout the 1970s and 1980s, but
egan to improve in the mid-1990s with a mortality rate
f 59% in 1997. This improvement coincided with the


nitiation of aggressive, invasive treatment with IABP and
arly myocardial revascularization by PCI or CABG.
espite the implementation of these techniques and


able 5. Outcomes


Outcome Group I


ransplanted 38 (7
retransplant LVAD support (days) 56 �


osttransplant length of stay (days) 24 �


otal hospital length of stay (days) 51 �


0 day transplant mortality 4 (8
n-hospital mortality 16 (3


VAD � left ventricular assist device.

urther advances in catheter-based revascularization c

echniques, the mortality rate for this lethal complication
f MI remains unacceptably high.
Currently, the standard treatment of patients with


S-AMI involves mechanical support of the circulation
ith an IABP [7]. The use of IABP has had a significant


mpact on survival, but in-hospital mortality rates remain
ver 50% [8]. The efficacy of LVAD circulatory support as
bridge to transplant in the setting of postcardiotomy


ardiogenic shock has been well-established [4, 9]. In
ecent years, reports documenting the use of LVAD
upport in the setting of post-MI cardiogenic shock have
roduced in-hospital mortality rates of 24% to 44% [4, 5,
0, 11]. Although these series are small the reduction in
ortality compared with conventional therapy is signif-


cant, which raises the possibility for a definitive role of
VADs in the treatment of CS-AMI.
The current study describes a decade of experience at


he Hospital of the University of Pennsylvania with two
eparate groups of patients suffering from ischemic heart
isease. In order to prove the safety and efficacy of LVAD
se in patients with CS-AMI (group I), we compared
utcomes with a separate cohort of patients with chronic


schemic cardiomyopathy. The chronic patients (group II)
epresent a population of patients with end-stage heart
ailure for which LVAD insertion has proven to be highly
ffective as a bridge to transplant [4, 9, 12]. Although the
wo groups represent different presentations of heart
ailure (acute versus chronic), their demographic profiles
re similar. The comparable rates of hypertension, dia-
etes mellitus, smoking, and prior CABG in each group
ighlight the common ischemic etiology of their heart
isease. Besides a slight difference in age, the only
ignificant difference in preoperative risk factors was the
igher percentage of group I patients who had an IABP
laced prior to LVAD insertion (88% vs 56%, p � 0.001).
A major concern when implanting LVADs into patients
ith acute anterior wall myocardial infarctions is the


afety of LV cannulation. It is widely believed that a
ignificant risk of left ventricular disruption and bleeding
xists when cannulating the acutely infarcted, friable
pex. Although left atrial cannulation is an alternative
ption, left ventricular cannulation is preferable because


t achieves superior decompression of the ventricle, pro-
ides greater LVAD inflow, and reduces the risk of LV
hrombus formation and stroke [6, 13]. If the ventricle is
ot maximally decompressed, blood pools in the ventri-


49) Group II (n � 61) p


37 (61%) 0.07
65 � 79 0.55
35 � 33 0.11
54 � 70 0.85
1 (2%) 0.11


25 (41%) 0.91

(n �


8%)
54
15
50


%)
3%)

le and becomes stagnant in a segment of infarcted
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yocardium. This becomes a nidus for thrombus forma-
ion and subsequent embolic phenomena, resulting in
erebrovascular and other end organ injuries.


Effective LV decompression also achieves a reduction
n LV pressure, which will lower the risk of ventricular
earing and bleeding at the cannulation site [10, 14].
revious authors have maintained that LVADs can be
afely implanted into acutely infarcted, friable myocar-
ium by modifying their surgical technique. This in-
olves placing cannulation sutures through the full-
hickness of the infarcted ventricular myocardium and
einforcing their suture line with pericardium or Teflon
elt [5, 10, 14]. Our cannulation technique in CS-AMI
group I) patients, the majority of whom had anterior wall
nfarcts, consisted of securing the cannula with inter-
upted, pledgeted, horizontal mattress sutures through
he full-thickness of the infarcted myocardium. If signif-
cant bleeding was observed, additional sutures and/or
ioGlue (BioGlue Surgical Adhesive; CryoLife, Inc, Ken-
esaw, GA) were applied to the cannulation site. This
trategy appears effective as there were no cases of
entricular disruption and no reoperations for bleeding
rom the apical cannulation site.


Postoperative complication rates after VAD placement
ere compared between the groups. Both groups had


omparable rates of reoperation, RV failure, gastrointes-
inal bleeding, and stroke. Although there were no dif-
erences between the two groups in preoperative creati-
ine levels, patients in group I had a significantly higher
ate of requiring hemodialysis. This is most likely due to
evere renal hypoperfusion attendant with cardiogenic
hock prior to circulatory stabilization with the LVAD.
he VAD-related infections were a common problem in
oth groups (51% in group I vs 33% in group II, p � 0.87).
he incidence of driveline infections and endocarditis
ere equivalent in both groups; however, sepsis tended


o occur more commonly in group I patients (37% vs 20%
n group II, p � 0.06). This may be due to a relative state
f immunosuppression in these patients secondary to the
rofound systemic inflammatory response syndrome as-
ociated with post-MI cardiogenic shock [15, 16].


Included in this report is a subset of patients who
eceived bridge to bridge therapy prior to cardiac trans-
lantation. In a previous report from our group we
escribed the use of ECMO as a temporary bridge to
AD support for patients with intractable cardiogenic


hock [17]. This bridge to bridge method of circulatory
upport, utilizing both ECMO and short-term VAD sup-
ort as an initial bridge to a long-term VAD, was effective


n both acute (group I) and chronic (group II) heart
ailure patients. Of the 26 patients who received bridge to
ridge therapy, 14 (54%) patients were transplanted and
ischarged from the hospital.
The high use of BiVADs in both groups (39% in group


vs 36% in group II, p � 1.00) in this series reflects our
elief in the importance of RV support in the overall
utcomes of these critically ill patients (Table 2). At the
ime of LVAD insertion in both acute and chronic heart
ailure patients, right ventricular function is always eval-


ated. In addition to RV failure and intractable arrhyth-

ias, we believe that the presence of shock with multi-
ystem organ failure is an indication for biventricular
upport. We feel that in these patients BiVADs provide
etter flows with reduced ionotropic requirements. Fur-


hermore, in our experience the reduction in central
enous pressures afforded by BiVAD support (vs LVAD
lone) improves overall resuscitation in multiorgan sys-
em failure.


With the recent development of percutaneous ventric-
lar assist devices (pVADs), we envision an expanding
ole for VAD support, which may ultimately replace IABP
n the treatment of CS-AMI. The pVAD can provide
irculatory support similar to an IABP and can decom-
ress the left ventricle, thus limiting infarct size and
ubsequent ventricular remodeling. Ideally this would
nable patients in CS-AMI who are treated with a pVAD
o be bridged to recovery. Initial reports of the successful
mplementation of pVADs in patients with CS-AMI are
eginning to emerge [18, 19]. These short-term devices
ill likely result in morbidity and mortality comparable
ith conventional LVADs, and add flexibility to the


reatment algorithm as they will be used as a bridge to
ecovery, a bridge to bridge, or as a bridge to transplant.
n summary, this report represents a decade of experi-
nce at a single institution using LVAD circulatory sup-
ort to treat patients in CS-AMI. It is the largest reported
eries to date and our in-hospital mortality rate of 33% is
ignificantly lower than the 60% to 70% mortality rate
chieved by conventional treatment algorithms [3, 20, 21].
y comparing outcomes and complications with a cohort
f patients for which the benefits of LVAD support have
een firmly established, we have validated the safety of
VAD inflow cannulation into the acutely infarcted, fri-
ble apex and demonstrated that, with proper technique,
here is no additional risk of bleeding or ventricular
isruption. These data advocate the incorporation of
VADs into the standard treatment paradigm for pa-


ients in CS-AMI.
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ISCUSSION

R CARMELO A. MILANO (Durham, NC): I would like to
hank the authors for forwarding the manuscript to me so that I
ould review it prior to today. This was an excellent presenta-
ion, and it points out how important a problem this is: up to 10%
f acute myocardial infarctions can be complicated by cardio-
enic shock. The authors propose the use of LVADs as a bridge
o transplant as one potential therapy for this group of patients.
his is the largest series that I am aware of that describes this
odality of treatment.
I have two questions. The first is a general question regarding


iming. The frequent scenario is that these patients present with MI
nd shock, have an intra-aortic balloon pump placed and then
ndergo an attempted revascularization, either PCI or CABG. After
evascularization there is usually some delay to assess whether
evascularization affected improvement in myocardial recovery. By
he time an LVAD is considered, the patient may be in advanced
hock. Were there any patients in the series in whom LVAD was
sed primarily, even before consideration of revascularization?
onversely, in patients who have progressed into shock, were


here patients in the series who were supported with temporary
ess invasive mechanical measures such as percutaneous ECMO or
ercutaneous Tandem Heart LVAD (to make the patients a better
andidate for a larger LVAD procedure)?


My second question relates to the incidence of RVAD support.
hirty or 40% of the patients in both groups required an RVAD.
or patients who present with an acute myocardial infarction
ue to an LAD occlusion, usually the right ventricle is spared.
he right coronary and the blood supply to the right ventricle
ay be completely normal. Why was the incidence of RVAD


equirement so high? Was the RVAD support temporary or
ermanent?
Thank you, and again, this was an excellent paper on an


mportant topic.


R LESHNOWER: Thank you. Those are excellent questions

We made the decision on the use of RVADs usually at the time
f operation, and as I stated, we were pretty liberal about using
VADs, which is shown with our high incidence. If these
atients required significant inotropes for RV failure, if their
VPs were greater than 18, and also an intraop decision was
ade, we went for an RVAD placement pretty aggressively. That


ust reflects our belief with these patients who have other
ystemic signs of advanced multisystem organ failure.


To go back to the other questions, we have not used any of the
ercutaneous LVADs yet in these patients, and none of these
atients were referred to us prior to any revascularization
ttempts. Generally, the way it works is that when patients at
enn come in in cardiogenic shock, they are evaluated by the
eart failure service. The cardiologists and a surgeon are both


nvolved and are aware early, and decisions are made keeping
oth parties up to date simultaneously.


R HOOSHANG BOLOOKI (Miami, FL): Let me first congrat-
late you and your colleagues for a good study. It has involved
great deal of work in a group of very sick patients. When we


nitially started this type of therapy in acute phase of myocardial
nfarction, many years ago, two problems emerged: first, the left
entricle was small, and infarcted area was large and necrotic
aking insertion of the LVAD cannula into the apex, through an


nfarcted myocardium unsustainable. Second, we just did not
ave enough left ventricular space and volume or sufficient
reload to maintain LVAD output. My question is did you use
pecific selection criteria such as, number of days after infarction
r a minimum LV diastolic volume before accepting the post


nfarction patient with shock for LVAD insertion? I noticed that
ot many of your patients were operated within the first few
ours or days after infarction and shock. Some of the patients
ere up to 30 days post infarction, which means they had healed


nfarcts that makes it easier to work with than the patients we


ere dealing with.
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Congratulations again, and I hope this work will be a mile-
tone in dealing with patients in cardiogenic shock.


R LESHNOWER: Thank you for the question. I think the
ajority of the acute MI group, the LVADs were placed probably
ithin the first 72 hours, although we do have some that go out


urther. And as far as evaluating which patients were and were not
andidates, all of these patients had to be eligible for transplant or
hey were immediately excluded from LVAD candidacy.


R MICHAEL MACK (Dallas, TX): As a follow-up to those two


uestions, do you have the Tandem Heart available? n

R LESHNOWER: We do.


R MACK: Do you find now that you have a percutaneous
VAD available that you tend to use that more as a bridge to a
ridge and let the infarct mature some and the ventricle dilate
ome before you go ahead and place the LVAD, or has it not
hanged your treatment paradigm?


R LESHNOWER: I would say it has not changed the treatment
aradigm yet. I know we have placed one or two, but we have


ot placed it for this specific scenario.
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A bs tr ac t


Background


Clopidogrel and aspirin are widely used for patients with acute coronary syndromes 
and those undergoing percutaneous coronary intervention (PCI). However, evidence-
based guidelines for dosing have not been established for either agent.


Methods


We randomly assigned, in a 2-by-2 factorial design, 25,086 patients with an acute 
coronary syndrome who were referred for an invasive strategy to either double-dose 
clopidogrel (a 600-mg loading dose on day 1, followed by 150 mg daily for 6 days 
and 75 mg daily thereafter) or standard-dose clopidogrel (a 300-mg loading dose 
and 75 mg daily thereafter) and either higher-dose aspirin (300 to 325 mg daily) or 
lower-dose aspirin (75 to 100 mg daily). The primary outcome was cardiovascular 
death, myocardial infarction, or stroke at 30 days.


Results


The primary outcome occurred in 4.2% of patients assigned to double-dose clopid-
ogrel as compared with 4.4% assigned to standard-dose clopidogrel (hazard ratio, 
0.94; 95% confidence interval [CI], 0.83 to 1.06; P = 0.30). Major bleeding occurred 
in 2.5% of patients in the double-dose group and in 2.0% in the standard-dose 
group (hazard ratio, 1.24; 95% CI, 1.05 to 1.46; P = 0.01). Double-dose clopidogrel 
was associated with a significant reduction in the secondary outcome of stent 
thrombosis among the 17,263 patients who underwent PCI (1.6% vs. 2.3%; hazard 
ratio, 0.68; 95% CI, 0.55 to 0.85; P = 0.001). There was no significant difference 
between higher-dose and lower-dose aspirin with respect to the primary outcome 
(4.2% vs. 4.4%; hazard ratio, 0.97; 95% CI, 0.86 to 1.09; P = 0.61) or major bleeding 
(2.3% vs. 2.3%; hazard ratio, 0.99; 95% CI, 0.84 to 1.17; P = 0.90).


Conclusions


In patients with an acute coronary syndrome who were referred for an invasive 
strategy, there was no significant difference between a 7-day, double-dose clopid-
ogrel regimen and the standard-dose regimen, or between higher-dose aspirin and 
lower-dose aspirin, with respect to the primary outcome of cardiovascular death, 
myocardial infarction, or stroke. (Funded by Sanofi-Aventis and Bristol-Myers 
Squibb; ClinicalTrials.gov number, NCT00335452.)
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Clopidogrel (Plavix, Sanofi-Aventis 
and Bristol-Myers Squibb) and aspirin are 
commonly used for the treatment of car-


diovascular disease, yet the optimal doses are 
uncertain.1,2 The benefits of clopidogrel in pa-
tients with acute coronary syndromes, as well as 
in those undergoing percutaneous coronary inter-
vention (PCI), are well established.3-10 As com-
pared with the standard dose of clopidogrel used 
in early trials, more recent studies have shown 
that doubling the loading and maintenance doses 
of clopidogrel leads to greater, more rapid, and 
more uniform platelet inhibition, which may fur-
ther improve clinical outcomes.1,11-18 This hypoth-
esis is consistent with the results of recent clini-
cal trials, which have shown a benefit of more 
potent adenosine diphosphate (ADP)–receptor 
blockers, such as prasugrel19 and ticagrelor,20 as 
compared with the standard dose of clopidogrel.


Uncertainty regarding the optimal dose of as-
pirin for the prevention and treatment of cardio-
vascular disease has resulted in wide geographic 
variations in practice patterns.21 The European 
Society of Cardiology guidelines recommend 
low doses of aspirin (≤100 mg daily) after PCI,22 
whereas the American Heart Association− 
American College of Cardiology guidelines23 rec-
ommend higher doses of aspirin (162 to 325 mg 
daily). This discrepancy reflects the lack of data 
from randomized trials directly comparing aspi-
rin doses. Although indirect comparisons in trials 
evaluating different doses of aspirin versus pla-
cebo have shown similar reductions in vascular 
events,2 observational analyses have suggested a 
dose-dependent increase in the risk of bleeding 
associated with aspirin.21,24


The Clopidogrel and Aspirin Optimal Dose Us-
age to Reduce Recurrent Events−Seventh Orga-
nization to Assess Strategies in Ischemic Syn-
dromes (CURRENT–OASIS 7) trial was designed 
to determine whether a doubling of the loading 
and initial maintenance doses of clopidogrel is 
superior to the standard-dose regimen and wheth-
er higher-dose aspirin (300 to 325 mg daily) is 
superior to lower-dose aspirin (75 to 100 mg 
daily) in patients with acute coronary syndromes 
referred for an early invasive strategy.


Me thods


Study Design and Oversight


This international randomized trial was conduct-
ed between June 2006 and July 2009.25 The trial 


protocol and amendments are available with the 
full text of this article at NEJM.org. The statisti-
cal analysis plan is included in the Supplemen-
tary Appendix, also available at NEJM.org. The 
trial was coordinated by the investigators at the 
Population Health Research Institute at McMaster 
University and Hamilton Health Sciences, who 
independently managed the database and per-
formed the primary data analyses. The trial was 
sponsored by Sanofi-Aventis and Bristol-Myers 
Squibb. An operations committee, with assis-
tance from an international steering committee, 
was responsible for the study design and con-
duct, manuscript preparation, and the decision 
to submit the manuscript for publication. An in-
dependent data and safety monitoring commit-
tee periodically reviewed unblinded data. The 
study was approved by all appropriate national 
regulatory authorities and the ethics committees 
at the participating centers, and all patients pro-
vided written informed consent. All authors 
vouch for the accuracy and completeness of the 
data and the analyses.


Patients


Trial participants were 18 years of age or older 
and presented with a non−ST-segment elevation 
acute coronary syndrome or an ST-segment eleva-
tion myocardial infarction. Either electrocardio-
graphic changes compatible with ischemia or el-
evated levels of cardiac biomarkers were required 
for eligibility. An additional requirement was 
coronary angiographic assessment, with a plan 
to perform PCI as early as possible but no later 
than 72 hours after randomization. Major exclu-
sion criteria were an increased risk of bleeding 
or active bleeding and a known allergy to clopid-
ogrel or aspirin. Details of the eligibility criteria 
are described in the Supplementary Appendix.


Procedures


The trial had a 2-by-2 factorial design. In the first 
component of the factorial design, patients were 
randomly assigned in a double-blind fashion to 
a double-dose regimen of clopidogrel or to the 
standard-dose regimen. In the second component 
of the factorial design, patients were randomly 
assigned in an open-label fashion to higher-dose 
aspirin or lower-dose aspirin. Permuted-block ran-
domization, stratified according to study center, 
was performed with the use of a 24-hour, comput-
erized, automated voice-response system located 
at the Population Health Research Institute.
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Immediately after randomization and before 
coronary angiography, patients randomly as-
signed to double-dose clopidogrel received a 
loading dose of 600 mg on day 1, followed by 
150 mg once daily on days 2 through 7. Patients 
assigned to standard-dose clopidogrel received 
a 300-mg loading dose on day 1 before angiog-
raphy, followed by 75 mg once daily on days  
2 through 7. On days 8 through 30, both the 
double-dose and standard-dose groups received 
75 mg of clopidogrel once daily.


All patients received a loading dose of aspirin 
(≥300 mg) on day 1, regardless of the aspirin 
dose assignment. Patients randomly assigned to 
lower-dose aspirin received 75 to 100 mg daily on 
days 2 through 30, and those randomly assigned 
to higher-dose aspirin received 300 to 325 mg 
daily on days 2 through 30. Locally approved 
preparations of aspirin were used. The protocol 
allowed for the use of either enteric-coated or 
non−enteric-coated aspirin preparations.


The use of other therapies, including anti-
thrombin therapy and glycoprotein IIb/IIIa antago-
nists, was left to the discretion of the attending 
physician. The use of vitamin K antagonists was 
prohibited during the first 7 days of the trial.


Percutaneous Coronary Intervention


All patients were to undergo early angiography 
and PCI, if appropriate, no later than 72 hours 
after randomization. Levels of creatine kinase, 
the creatine kinase MB fraction, and levels of tro-
ponin were measured 4 to 8 hours after random-
ization. In patients who underwent PCI, the level 
of creatine kinase and the creatine kinase MB 
fraction were measured immediately before and 
2, 6, and 12 hours after PCI.


Outcomes


The primary outcome was the time to cardiovas-
cular death, myocardial infarction, or stroke, 
whichever occurred first, up to day 30. The sec-
ondary outcomes included the composite of death 
from cardiovascular causes, myocardial infarc-
tion, stroke, or recurrent ischemia; the individual 
components of the primary outcome; and death 
from any cause. Definite or probable stent throm-
bosis, as defined by the Academic Research Con-
sortium,26 was a prespecified secondary outcome 
in the subgroup of patients who underwent PCI. 
The main safety outcome was major bleeding, 
defined according to a set of prespecified criteria 
specific to the trial. Bleeding was also assessed 


according to the Thrombolysis in Myocardial In-
farction (TIMI) criteria. A central committee that 
was unaware of the treatment assignments adju-
dicated all primary and secondary outcomes, re-
current ischemia, stent thromboses, and major 
bleeding events. Events are defined in the Sup-
plementary Appendix.


Statistical Analysis


According to the original sample-size calcula-
tions, which were based on a primary-outcome 
event rate of 11% at 30 days with either standard-
dose clopidogrel or lower-dose aspirin, we esti-
mated that 14,000 patients would be required for 
the study to have 90% power to detect a 16.1% 
reduction in this event rate with the higher dose 
of either study drug. Because of a lower-than-
expected overall blinded event rate for the pri-
mary outcome, the sample size was increased 
during the trial from 14,000 to 25,000 patients. 
With 25,000 patients, the trial had 80% power to 
detect a relative hazard reduction of 15.8% with 
double-dose clopidogrel, assuming an event rate 
in the standard-dose group of 4.5%. The assump-
tions and calculations were identical for the aspi-
rin dose comparison. No interaction between the 
two study-drug comparisons was anticipated.


The relative efficacy of the double-dose regi-
men of clopidogrel versus the standard-dose regi-
men of clopidogrel was assessed with respect to 
the primary outcome by a comparison of the 
survival curves (estimated with the use of the 
Kaplan−Meier method) for the two treatments. 
We used the log-rank test, stratified according 
to aspirin dose and qualifying condition (i.e., 
non−ST-segment elevation acute coronary syn-
drome or ST-segment elevation myocardial infarc-
tion). The treatment effect was estimated from a 
Cox proportional-hazards model, stratified ac-
cording to aspirin dose and qualifying condi-
tion. An analogous approach, stratified accord-
ing to clopidogrel dose and qualifying condition, 
was taken for the aspirin dose comparison. The 
treatment effect was also examined in a set of 
prespecified subgroup analyses (details are pro-
vided in the Supplementary Appendix).


R esult s


Characteristics of the Patients  
and Compliance with Study Regimens


We enrolled 25,086 patients. Of these patients, 
24,835 underwent coronary angiography and 
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17,263 underwent PCI. Of the 7823 patients who 
did not undergo PCI, 3520 (45.0%) had no clini-
cally significant coronary artery disease (either 
angiographically normal coronary arteries or all 
lesions with <70% stenosis), 1859 (23.8%) under-
went coronary-artery bypass grafting (CABG), 


and 2444 (31.2%) were not candidates for any 
type of revascularization.


Baseline characteristics were well balanced 
among the randomized clopidogrel and aspirin 
dose groups (Table 1). The use of medications 
and invasive procedures was also well balanced 


Table 1. Baseline Characteristics of the Patients.*


Variable Clopidogrel Aspirin


Double Dose
(N = 12,520)


Standard Dose
(N = 12,566)


Higher Dose
(N = 12,507)


Lower Dose
(N = 12,579)


Age


Mean (yr) 61.3 61.4 61.5 61.2


>75 yr (%) 13.3 13.0 13.4 13.0


Female sex (%) 27.3 27.5 28.0* 26.8


Diagnosis at admission (%)


Unstable angina or NSTEMI (%) 70.7 70.9 70.8 70.8


STEMI 29.3 29.1 29.2 29.2


Interval between randomization and 
intervention (hr)


Unstable angina or NSTEMI


Median 3.4 3.4 3.4 3.4


Interquartile range 1.0–19.1 1.0–19.3 1.0–19.3 1.0–19.1


STEMI


Median 0.6 0.5 0.6 0.5


Interquartile range 0.3–1.2 0.3–1.2 0.3–1.2 0.3–1.1


Race or ethnic group (%)†


White 62.6 62.5 62.4 62.6


Black 1.4 1.3 1.5 1.2


South Asian 10.7 10.9 10.9 10.7


East Asian 12.3 12.0 12.1 12.2


Other 13.0 13.3 12.9 13.3


Medical history (%)


Current tobacco use 33.6 33.2 33.2 33.6


Hypertension 60.5 60.2 60.4 60.2


Dyslipidemia 41.2 41.1 41.4 40.9


Diabetes mellitus 23.4 23.5 23.8 23.1


Myocardial infarction 18.0 17.7 17.8 17.9


PCI 14.9 14.8 15.1 14.6


CABG 6.2 6.7 6.3 6.6


Electrocardiographic findings (%)


ST-segment elevation 27.2 27.3 27.2 27.3


New left bundle-branch block 0.4 0.3 0.3 0.4


ST-segment depression 24.3 24.2 24.1 24.3


T-wave inversion 19.5 19.7 19.7 19.4


Transient ST-segment elevation 5.9 5.6 6.0 5.5


Elevated biomarker level (%) 64.7 65.8 65.2 65.4


* CABG denotes coronary-artery bypass grafting, NSTEMI non−ST-segment elevation myocardial infarction, PCI percuta-
neous coronary intervention, and STEMI ST-segment elevation myocardial infarction.


† Race or ethnic group was self-reported.
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(Table 3 in the Supplementary Appendix), except 
that after randomization there was a higher rate 
of use of proton-pump inhibitors among patients 
assigned to higher-dose aspirin than among 
those assigned to lower-dose aspirin. The median 
time from randomization to catheterization or 
PCI was 3.4 hours for patients with a non−ST-
segment elevation acute coronary syndrome and 
0.5 hours for patients with an ST-segment eleva-
tion myocardial infarction. A total of 61.6% of 
patients in the standard-dose group and 61.8% 
of patients in the double-dose clopidogrel group 
received enteric-coated aspirin preparations. A 
total of 60.3% of patients in the lower-dose as-
pirin group and 63.2% of patients in the higher-
dose aspirin group received enteric-coated aspi-
rin preparations.


During the first 7 days (i.e., the period when 
the clopidogrel dose differed between the double-


dose and standard-dose groups), the median du-
ration of compliance with the clopidogrel dose 
regimen among patients who underwent PCI 
was 7 days. Among patients who did not undergo 
PCI, the median duration was only 1 day for 
those who underwent CABG and was 7 days for 
those without clinically significant coronary ar-
tery disease and those who were not candidates 
for revascularization. The median duration of 
compliance with the assigned aspirin dose be-
tween day 2 and day 30 (i.e., the period when the 
aspirin dose differed between the higher-dose 
and lower-dose groups) was 29 days in both 
groups. Follow-up was complete in 99.9% of 
patients who were enrolled in the study.


Clopidogrel Dose Comparison


The primary outcome occurred in 4.2% of pa-
tients in the double-dose clopidogrel group at 


Table 2. Major Outcomes at 30 Days, According to Dose of Clopidogrel.*


Outcome
Double Dose 
(N = 12,520)


Standard Dose
(N = 12,566)


Hazard Ratio 
(95% CI) P Value


number (percent)


Primary outcome: death from cardiovascular causes, myocardial  
infarction, or stroke


522 (4.2) 557 (4.4) 0.94 (0.83–1.06) 0.30


Secondary outcomes


Death from cardiovascular causes, myocardial infarction, 
stroke, or recurrent ischemia


564 (4.5) 606 (4.8) 0.93 (0.83–1.05) 0.25


Death from cardiovascular causes 267 (2.1) 281 (2.2) 0.95 (0.81–1.13) 0.57


Myocardial infarction 237 (1.9) 277 (2.2) 0.86 (0.72–1.02) 0.09


Stroke 64 (0.5) 65 (0.5) 0.99 (0.70–1.40) 0.95


Recurrent ischemia 51 (0.4) 55 (0.4) 0.93 (0.64–1.36) 0.72


Death from any cause 287 (2.3) 300 (2.4) 0.96 (0.82–1.13) 0.61


Safety outcome: bleeding


Major


Study criteria 313 (2.5) 255 (2.0) 1.24 (1.05–1.46) 0.01


Requiring red-cell transfusion ≥2 units 267 (2.2) 210 (1.7) 1.28 (1.07–1.54) 0.01


CABG-related 123 (1.0) 114 (0.9) 1.09 (0.84–1.40) 0.53


Severe 236 (1.9) 195 (1.6) 1.22 (1.01–1.47) 0.04


Leading to decrease in hemoglobin level ≥5 g/dl 130 (1.0) 107 (0.9) 1.22 (0.95–1.58) 0.13


Symptomatic intracranial 4 (0.03) 6 (0.05) 0.67 (0.19–2.37) 0.53


Fatal 16 (0.1) 15 (0.1) 1.07 (0.53–2.16) 0.85


TIMI criteria 210 (1.7) 168 (1.3) 1.26 (1.03–1.54) 0.03


Minor 631 (5.1) 538 (4.3) 1.18 (1.05–1.33) 0.01


* The percentages are Kaplan−Meier estimates of the event rates at 30 days. CABG denotes coronary-artery bypass grafting, and TIMI Throm-
bolysis in Myocardial Infarction.
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30 days, as compared with 4.4% in the standard-
dose group (hazard ratio, 0.94, 95% confidence 
interval [CI], 0.83 to 1.06; P = 0.30) (Table 2 and 
Fig. 1A). Consistent results were observed for 
each component of the primary outcome, as well 
as for the expanded composite outcome, consist-
ing of the primary outcome plus recurrent is-
chemia (Table 2). The rate of death from any 
cause did not differ significantly between the 
double-dose and standard-dose groups (2.3% and 
2.4%, respectively; hazard ratio with the double 
dose, 0.96; 95% CI, 0.82 to 1.13; P = 0.61).


Major bleeding occurred in 2.5% of patients 
in the double-dose clopidogrel group as com-
pared with 2.0% of patients in the standard-dose 
clopidogrel group (hazard ratio, 1.24; 95% CI, 
1.05 to 1.46; P = 0.01). The incidence of major 
bleeding as defined according to the TIMI crite-
ria and the incidence of severe bleeding were 
also higher among patients who received double-
dose clopidogrel (Table 2). The increased inci-
dences of major and severe bleeding were ac-
counted for mainly by a higher rate of red-cell 
transfusion among patients in the double-dose 
group. The use of double-dose clopidogrel did not 
increase the incidence of fatal or intracranial 
bleeding, nor did it significantly increase the 
incidence of bleeding that was related to CABG 
(Table 2). There were no reports of neutropenia 
in either clopidogrel group.


Aspirin Dose Comparison


Overall, 4.2% of patients in the higher-dose aspi-
rin group had a primary outcome event at 30 
days, as compared with 4.4% of patients in the 
lower-dose aspirin group (hazard ratio, 0.97; 95% 
CI, 0.86 to 1.09; P = 0.61) (Table 3 and Fig. 1B). 
Consistent results were observed for each com-
ponent of the primary outcome and for the ex-
panded composite of the primary outcome plus 
recurrent ischemia (Table 3). A nominally sig-
nificant reduction in recurrent ischemia alone 
was associated with higher-dose aspirin as com-
pared with lower-dose aspirin (0.3% vs. 0.5%; 
hazard ratio, 0.63; 95% CI, 0.43 to 0.94; P = 0.02). 
Death from any cause occurred in 2.2% of pa-
tients in the higher-dose aspirin group, as com-
pared with 2.5% of patients in the lower-dose 
aspirin group (hazard ratio, 0.87; 95% CI, 0.74 to 
1.03; P = 0.10).


The aspirin dose groups did not differ signifi-
cantly with respect to major bleeding, as defined 


according to the study criteria or the TIMI crite-
ria, or severe bleeding (Table 3). There was a 
nominally significant increase in the incidence of 
minor bleeding among patients who received 
higher-dose aspirin (hazard ratio, 1.13; 95% CI, 
1.00 to 1.27; P = 0.04). There was a small increase 
in the incidence of major gastrointestinal bleed-
ing among patients who received higher-dose 
aspirin, as compared with those who received 
lower-dose aspirin (47 patients [0.4%] vs. 29 pa-
tients [0.2%], P = 0.04). Six patients in each aspirin 
dose group had intracranial bleeding.
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Figure 1. Cumulative Hazard Ratios for the Primary Outcome at 30 Days, 
According to Treatment Group.


Data for the primary outcome of death from cardiovascular causes, myo-
cardial infarction, or stroke are shown for patients who received clopidogrel 
(Panel A) and aspirin (Panel B). Hazard ratios were calculated with the use 
of a Cox proportional-hazards model.
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Clopidogrel and Aspirin Dose Interaction


We found a nominally significant interaction be-
tween the clopidogrel dose comparison and the 
aspirin dose comparison for the primary out-
come (P = 0.04 for interaction). Among patients 
assigned to higher-dose aspirin, the primary out-
come occurred in 3.8% of patients in the double-
dose clopidogrel group, as compared with 4.6% 
of patients in the standard-dose clopidogrel group 
(hazard ratio, 0.82; 95% CI, 0.69 to 0.98; P = 0.03). 
Among patients assigned to lower-dose aspirin, 
there was no significant difference between the 
double-dose and standard-dose clopidogrel groups 
(4.5% and 4.2%, respectively; hazard ratio, 1.07; 
95% CI, 0.90 to 1.26; P = 0.46) (Fig. 2).


Prespecified Subgroups


Our analyses showed a consistent treatment effect 
of double-dose versus standard-dose clopidogrel 


and of higher-dose versus lower-dose aspirin with 
respect to the primary outcome in most of the 
prespecified subgroups (Fig. 3 and 4). There was 
nominally significant heterogeneity (P = 0.03 for 
interaction) in the treatment effect of double-dose 
versus standard-dose clopidogrel with respect to 
the primary outcome in the 17,263 patients who 
underwent PCI, as compared with the 7823 pa-
tients who did not undergo PCI. In the subgroup 
of patients who underwent PCI, double-dose clo-
pid ogrel was associated with a significant reduc-
tion in the rate of the prespecified secondary 
outcome of stent thrombosis (1.6% vs. 2.3%; haz-
ard ratio, 0.68; 95% CI, 0.55 to 0.85; P<0.001). In 
the aspirin dose comparison, there was no evidence 
of heterogeneity according to whether patients 
underwent PCI. In addition, we found no hetero-
geneity in the outcome according to whether pa-
tients received enteric-coated aspirin tablets.


Table 3. Major Outcomes at 30 Days, According to Dose of Aspirin.*


Outcome
Higher Dose
(N = 12,507)


Lower Dose
(N = 12,579)


Hazard Ratio 
(95% CI) P Value


number (percent)


Primary outcome: death from cardiovascular causes, myocardial  
infarction, or stroke


530 (4.2) 549 (4.4) 0.97 (0.86–1.09) 0.61


Secondary outcomes


Death from cardiovascular causes, myocardial infarction, 
stroke, or recurrent ischemia


563 (4.5) 608 (4.8) 0.93 (0.83–1.04) 0.21


Death from cardiovascular causes 259 (2.1) 289 (2.3) 0.90 (0.76–1.06) 0.22


Myocardial infarction 253 (2.0) 261 (2.1) 0.97 (0.82–1.16) 0.76


Stroke 70 (0.6) 59 (0.5) 1.19 (0.84–1.68) 0.32


Recurrent ischemia 41 (0.3) 65 (0.5) 0.63 (0.43–0.94) 0.02


Death from any cause 273 (2.2) 314 (2.5) 0.87 (0.74–1.03) 0.10


Bleeding


Major


Study criteria 282 (2.3) 286 (2.3) 0.99 (0.84–1.17) 0.90


Requiring red-cell transfusion ≥2 units 239 (1.9) 238 (1.9) 1.01 (0.84–1.21) 0.93


CABG-related 111 (0.9) 126 (1.0) 0.88 (0.68–1.14) 0.34


Severe 216 (1.7) 215 (1.7) 1.01 (0.84–1.22) 0.93


Leading to decrease in hemoglobin level ≥5 g/dl 115 (0.9) 122 (1.0) 0.95 (0.73–1.22) 0.67


Symptomatic intracranial 6 (0.05) 4 (0.03) 1.51 (0.42–5.33) 0.53


Fatal 16 (0.1) 15 (0.1) 1.07 (0.53–2.17) 0.85


TIMI criteria 197 (1.6) 181 (1.4) 1.09 (0.89–1.34) 0.39


Minor 618 (5.0) 551 (4.4) 1.13 (1.00–1.27) 0.04


* The percentages are Kaplan−Meier estimates of the event rates at 30 days. CABG denotes coronary-artery bypass grafting, and TIMI Throm-
bolysis in Myocardial Infarction.
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Discussion


We compared double-dose clopidogrel with stan-
dard-dose clopidogrel, and higher-dose aspirin 
with lower-dose aspirin, in patients presenting 
with acute coronary syndromes for whom early 
coronary angiography was planned. We found 
that the use of a double dose of clopidogrel for 
7 days, as compared with the standard dose, did 
not reduce the incidence of the primary outcome 
of cardiovascular death, myocardial infarction, 
or stroke at 30 days. Similarly, we found that 
higher-dose aspirin, as compared with lower-
dose aspirin, was not associated with a reduction 
in the incidence of the same primary outcome at 
30 days. In addition, for both the clopidogrel dose 
comparison and the aspirin dose comparison, we 
found no significant difference in the expanded 


secondary composite outcome that included re-
current ischemia.


A nominally significant reduction in the 
primary outcome was associated with the use 
of higher-dose clopidogrel in the subgroup of 
17,263 study participants who underwent PCI 
after randomization (69%). Because a test for 
interaction between the patients who underwent 
PCI and those who did not undergo PCI (P = 0.03) 
did not meet our prespecified threshold of a  
P value of 0.01 or less for subgroup interactions, 
and since 13 prespecified subgroup analyses were 
performed for the clopidogrel dose comparison, 
this result could have been due to the play of 
chance. However, this result is consistent with 
the results of previous studies1,11-18 and a meta-
analysis27 evaluating a 600-mg loading dose of 
clopidogrel, and patients undergoing PCI were 
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the intended patient population for the current 
trial. More notably, double-dose clopidogrel sig-
nificantly reduced the secondary outcome of stent 
thrombosis, including angiographically confirmed 
definite stent thrombosis, in the subgroup of 
patients who underwent PCI. Although this re-
sult is a secondary outcome in a subgroup, such 
an effect is plausible in that it is consistent with 
the expectation that the risk of stent thrombosis 
is likely to be reduced with more potent platelet 
inhibition. The magnitude of the reduction in 
stent thrombosis in this trial is similar to the 
magnitude observed with newer, more potent, 
ADP-receptor blockers.19,20


Our trial was designed with the intention of 
administering the study drug as early as possible, 
mainly to take advantage of the benefits of 
clopidogrel treatment before cardiac catheter-
ization.6,8 This early-treatment strategy is con-
sistent with the recommendations of an expert 
committee,22,23,28-30 and the steering committee 
did not consider it appropriate or ethical to with-
hold antiplatelet therapy until after the coronary 
anatomy was defined. A consequence of this ap-
proach, however, is that a substantial proportion 
of the patients who were enrolled in the trial 
were found to have no clinically significant 
coronary artery disease, and in other patients, 
clopidogrel was discontinued early (median of 
only 1 dose received) because of referral for 
CABG. These two groups reduced the power of 
the trial to show a beneficial effect of double-
dose clopidogrel.


In addition, the 1-week duration of treatment 
with double-dose clopidogrel was relatively short. 
The rationale for choosing a 1-week treatment 
period was to optimize the benefit−risk balance 
by targeting the higher dose during the period 
of highest risk, shortly after the acute coronary 
event (or shortly after PCI), while minimizing the 
risk of longer-term bleeding complications. Two 
recent trials evaluating a short duration of treat-
ment with an intravenous ADP-receptor antago-
nist, as compared with placebo or clopidogrel, 
also did not show a significant benefit with re-
spect to the primary outcome.31,32 Recent trials 
evaluating longer-term therapy with more potent 
ADP-receptor inhibition have shown a benefit 
with respect to major cardiovascular events.19,20


The use of double-dose clopidogrel, as com-
pared with the standard dose, was associated 
with an increase in the risk of major bleeding 
that led to an increase in the requirement for 
transfusion of at least 2 units of red cells; there 
was no significant difference in intracranial, 
CABG-related, or fatal bleeding.


Although doses of aspirin as low as 30 mg 
completely block the effects of cyclooxygenase-1,33 
international variations in aspirin dosing remain 
large, with most centers in Europe using lower-
dose aspirin and most centers in North America 
using higher-dose aspirin. In a randomized com-
parison, we found that no added benefit was 
associated with increasing the dose of aspirin 
beyond 75 to 100 mg daily in patients with an 
acute coronary syndrome, and there was no sig-
nificant difference between higher-dose and lower-
dose aspirin with respect to the incidence of 
major bleeding. Accordingly, treatment with either 
lower-dose or higher-dose aspirin for the first 30 
days appears to be acceptable in such patients.


There was a nominally significant interaction 
between the clopidogrel and aspirin dose com-
parisons with respect to the primary outcome. 
This finding was unexpected because although 
clopidogrel and aspirin have been associated with 
additive benefits in patients with acute coronary 
syndromes,3-5 an interaction between these two 
antiplatelet drugs has not been demonstrated. 
The interaction also lacks a known biologic 
mechanism. Thus, it is possible that the inter-
action was due to the play of chance.


In conclusion, we found that in patients with 
an acute coronary syndrome who were referred 


Figure 3 (facing page). Hazard Ratios for the Primary 
Outcome According to the Clopidogrel Dose in Selected 
Subgroups.


The Global Registry of Acute Coronary Events (GRACE) 
risk score (ranging from 0 to 372, with a score ≥140 
considered to indicate high risk) is derived from base-
line clinical variables and is used to estimate the risk of 
in-hospital death. Clinically significant coronary artery 
disease was defined as at least one lesion with steno-
sis of 70% or more on angiography. The percentages 
are Kaplan−Meier estimates of the rate of the primary 
outcome at 30 days. The size of the squares is propor-
tional to the number of patients and represents the point 
estimate of the treatment effect. The horizontal line 
through each square spans the 95% confidence interval. 
NSTEMI denotes non−ST-segment elevation myocardial 
infarction, PCI percutaneous coronary intervention, and 
STEMI ST-segment elevation myocardial infarction.
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for an early invasive strategy, there was no sig-
nificant difference between a 7-day double-dose 
regimen of clopidogrel and standard-dose clopid-
ogrel with respect to the primary outcome of 
cardiovascular death, myocardial infarction, or 
stroke. There was also no significant difference 
between aspirin doses of 300 to 325 mg daily and 
doses of 75 to 100 mg daily with respect to the 
same outcome.


Supported by Sanofi-Aventis and Bristol-Myers Squibb.
Disclosure forms provided by the authors are available with 


the full text of this article at NEJM.org.


Figure 4 (facing page). Hazard Ratios for the Primary Out-
come According to the Aspirin Dose in Selected Subgroups.


The Global Registry of Acute Coronary Events (GRACE) 
risk score (ranging from 0 to 372, with a score ≥140 
considered high risk) is derived from baseline clinical 
variables and is used to estimate the risk of in-hospital 
death. Clinically significant coronary artery disease was 
defined as at least one lesion with stenosis of 70% or 
more on angiography. The percentages are Kaplan−Meier 
estimates of the rate of the primary outcome at 30 days. 
The size of the squares is proportional to the number of 
patients and represents the point estimate of the treat-
ment effect. The horizontal line through each square spans 
the 95% confidence interval. NSTEMI denotes non−ST-
segment elevation myocardial infarction, PCI percuta-
neous coronary intervention, and STEMI ST-segment 
elevation myocardial infarction.
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Experimental evidence for the beneficial effects on heart failure of chronic


treatment with ACE inhibitors accumulated from early 1980 in experimental


models of LV dysfunction secondary to AMI. These studies demonstrated an


improvement in hemodynamics, LV remodeling,1 2 3 4 and mortality with
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ACE inhibitor treatment.5 6 The effect of ACE inhibitors during the acute


phase of AMI was less clear, although there was evidence of protection from


ischemic damage, possibly mediated by an increase in collateral coronary


blood flow.7 8 9 10 11


 


The striking beneficial results of prolonged ACE inhibitor therapy in the


CONSENSUS-I trial12 on mortality of patients with advanced CHF have


been followed by a series of trials in patients with less severe heart failure or


asymptomatic LV dysfunction of any origin13 14 15 or limited to AMI.16 17


18 Consistent with the experimental data, the latter studies showed that ACE


inhibition clearly produces favorable effects on mortality and LV function in


selected high-risk post-AMI populations. More recent trials have addressed the role of ACE inhibition in


relatively unselected patients19 20 21 22 or in those with anterior AMI23 24 in whom treatment was initiated


during the first day of AMI. Overall, these trials indicate a small but definite benefit of about 5 lives saved for


every 1000 patients treated (Table 1 ).21


View this table:
[in this window]


[in a new window]
 


Table 1. Overview of ACE Inhibitor Trials on Patients With AMI


Table 2  summarizes the evidence available from the literature (the results of the TRACE18 and SMILE24


studies were not available at the time of the meeting but are included for completeness, and their findings


confirm previous evidence). Table 2  and Fig 1  summarize the background information: a decrease in the


relative size of the beneficial effects is associated with a broadening of the population who might derive a


clinically relevant benefit. Although the results of these trials are complementary in many ways, they also are


a potential source of contradictory interpretation.25 26 27 28 29 30 For example, are the populations


randomized in CONSENSUS II,19 GISSI-3,20 and ISIS-421 concordant or discordant with respect to those of


the other trials? Although ongoing trials31 are addressing the issue of long-term secondary prevention with


ACE inhibitors in patients at high risk of vascular events, no other placebo-controlled trials in the acute phase


of AMI are planned. Thus, there is a need to translate the available evidence into reasonable and coherent


recommendations for the use of ACE inhibitors in AMI and post-AMI patients.
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Table 2. Summary of Randomized Clinical Trials
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Table 2B. Continued


View larger version (23K):
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Figure 1. Chart showing randomized clinical trials on ACE
inhibitors from CHF to coronary artery disease. Length of each bar
represents the time span from the first to the last patient enrolled in
each trial. LVD indicates left ventricular dysfunction; CAD,
coronary artery disease.


To address these issues, a meeting of investigators actively involved in the principal published ACE inhibitor


trials was convened to reach a consensus on ACE inhibitor use in patients with AMI.


 
The GISSI group invited the coordinating groups and/or principal


investigators of the CONSENSUS, AIRE, SAVE, SOLVD, ISIS-4, GISSI-3,


and V-HeFT trials. A few other experts were invited, to provide a wide range


of opinions, and representatives of collaborative research groups from Latin


America participated, to allow discussion of the problems of transferability


and relevance in different health care settings.


The meeting was held in Berlin during the XII World Congress of Cardiology and the XVI Congress of the


European Society of Cardiology, September 10, 1994. The members of the panel are listed in the "Appendix."


A summary of the existing data from the randomized clinical trials of ACE inhibitors in AMI was sent to all


participants 1 month before the meeting to allow proper consideration and to avoid repetitive presentations.


Confidential unpublished data from the GISSI-3, ISIS-4, and CCS-1 trials were also included.


The following questions were submitted to the panel at the same time to facilitate a productive and practice-


oriented debate.


1. Is the primary indication for ACE inhibitor the treatment of the patients with AMI syndrome or with LV


dysfunction that at any time complicates AMI? In the first case, should all patients or only those at higher risk
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be treated (ie, anterior AMI, large AMI)?


2. When should ACE inhibitor treatment be started?


3. What are the criteria of initial exclusion and subsequent withdrawal or continuation of ACE -inhibitor


treatment of AMI patients?


4. Do known or suggested pathophysiological mechanisms provide a satisfactory explanation of the observed


clinical effects of ACE inhibitor therapy?


 
Questions 1 and 2


Is primary indication for ACE inhibitor the treatment of the patients with


AMI syndrome or with LV dysfunction that at any time complicates AMI?


In the first case, should all patients or only those at higher risk be treated (ie,


anterior AMI, large AMI)?


When should ACE inhibitor treatment be started?


The two questions are presented together because the answer to question 1 is integrally related to question 2.


The evidence available from the trials on ACE inhibitors is documented in detail in Tables 1  and 2  and may


be summarized as follows. Treatment with ACE inhibitors has a beneficial effect in patients selected for the


presence of LV dysfunction after AMI and in relatively unselected patients presenting with AMI. The benefit


increases in patients with clinical or laboratory evidence of LV dysfunction. There is still uncertainty about


treating all AMI patients without contraindications to ACE inhibitors or targeting a selected higher-risk group.


The extension of the indication of early treatment to an unselected AMI population is supported by the


consideration of the following. In the absence of absolute predictive criteria, short-term treatment is likely to


offer protection from LV dysfunction to many patients before they develop it. There is evidence in the


GISSI-3 and ISIS-4 trials of a very early benefit (Fig 2 ) when reliable, objective measurement of LV


dysfunction may be impractical. A beneficial effect of ACE inhibitor treatment in GISSI-3 and ISIS-4 is


observed across a wide range of patients, although as expected the benefit was less in patients at lower risk.


For example, the GISSI-3 results show that 33 patients with an impaired hemodynamic state at entry (Killip


class >1) had to be treated for 1 life to be saved; 333 patients without complications (Killip class 1) had to be


treated for 1 life to be saved. Nevertheless, the number of lives saved in the group of lower-risk patients is


important in absolute terms because of the greater prevalence of this group of patients (ie, 24 lives saved in


Killip class 1 versus 39 in Killip class >1 in GISSI-3). The potential risk of an ACE inhibitor therapy started


early after AMI is small and does not obscure its net benefit, as shown by GISSI-3 results: persistent


hypotension and renal dysfunction were significantly more common among lisinopril-treated patients than


among control subjects (Fig 3 ), and most of the cases of persistent hypotension (>80%) and more than half


of those of renal dysfunction occurred within 7 days of randomization. However, a subsidiary analysis of







GISSI-3 and ISIS-4 showed that in the same period (days 0 through 7) mortality was lower in the ACE


inhibitor–allocated patients (Fig 2 ).
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Figure 2. Bar graphs showing that in GISSI-3 and ISIS-4 ACE inhibitors saved
lives during the very early phases. A, In the GISSI-3 lisinopril-allocated patients
(cross-hatched bar), there were 76 fewer deaths than in the control-allocated
group (open bar): 21 fewer for days 0 through 1, 43 fewer for days 2 through 7,
and 12 fewer for the following days of treatment. B, In the ISIS-4 captopril-
allocated patients (cross-hatched bar), there were 143 fewer deaths than in the
control-allocated group (open bar): 44 fewer for days 0 through 1, 37 fewer for
days 2 through 7; and 62 fewer for the following days of treatment. Absolute
reductions and percent contribution to total benefit are shown for each time
interval.
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Figure 3. Bar graphs showing that in GISSI-3 persistent hypotension (A)
occurred chiefly during the acute phase of AMI, with >80% of the cases
occurring within day 2 from randomization, while excessive renal dysfunction (B;
clinically defined by attending cardiologists) occurred throughout the
hospitalization. These two events were consistently more frequent in patients
treated with lisinopril (patterned bar) than in control subjects (open bar).
Absolute increase of events and percent contribution to total increase are shown
for each time interval. Data on timing of the event are missing for 12 patients
with persistent hypotension and 1 with renal dysfunction.


In conclusion, evidence of an early benefit in unselected AMI patients was considered complementary to the


favorable effects in patients with LV dysfunction by some members of the panel but disputed by others. All


agreed that patients with a clinically large AMI and/or current or previous LV failure should certainly be


considered for early treatment with an ACE inhibitor in the absence of contraindications (eg, hypotension).


Question 3


What are the criteria for initial exclusion and subsequent withdrawal or continuation of ACE inhibitor







treatment of AMI patients?


Exclusion Criteria


The safety profile of patients treated within 24 hours from the onset of symptoms appears acceptable if the


following exclusion criteria are applied: high risk of further serious hemodynamic deterioration (systolic blood


pressure 100 mm Hg) and specific contraindications (history of clinically relevant renal failure, history of


bilateral stenosis of the renal arteries, or documented allergy to ACE inhibitors).


Patients with low systolic blood pressure (100 to 110 mm Hg) in the first 24 hours after the onset of


symptoms should be monitored carefully.


No specific additional risk was shown in GISSI-3 or ISIS-4 for elderly patients or women, so ACE inhibitors


are not contraindicated in these populations.


Withdrawal or Continuation


The consistency of data on the role of ACE inhibitors from trials in patients with LV dysfunction or heart


failure complicating AMI (as in the AIRE, SAVE, and TRACE studies) strongly indicates that ACE inhibitors


should be given to these patients. For this reason, if at any time after AMI clinical signs and/or symptoms of


LV dysfunction occur or are diagnosed instrumentally, treatment should be continued over a long period of


time. In other words, as soon as a patient becomes an "AIRE- or SAVE-like patient," he or she should be


treated according to the indications of these studies (this recommendation was applied in the GISSI-3 and


ISIS-4 trials).


On the other hand, if a patient does not show signs or symptoms of LV dysfunction, it is likely that treatment


can be stopped safely after 4 to 6 weeks (based on existing evidence from GISSI-3 and ISIS-4). In this case,


the patients should ideally be reevaluated after a reasonable period (ie, 4 to 6 months) to check for evidence


of LV function. The appearance of persistent hypotension or clinically relevant renal dysfunction should be


considered an indication for ACE inhibitor dose reduction or withdrawal (at least temporarily).


Question 4


Do the suggested pathophysiological mechanisms provide a satisfactory explanation of ACE inhibitor clinical


effects?


Even if randomized clinical trials alone cannot provide answers on specific pathophysiological mechanisms,


the results of ACE inhibitor trials in patients with LV dysfunction do appear to fit the remodeling hypothesis


based on experimental studies and represent a good example of the consistency of a mechanistic hypothesis


with the clinical data. The exploratory analysis of echo data from GISSI-332 supports this hypothesis in a


large, relatively unselected population of patients treated very early after AMI. Although the changes


observed in LV volumes are small, they are statistically and clinically significant, as already shown in a


subgroup of patients from the SAVE trial.33 A small decrease in LV volume in the whole population is


consistent with a reduction in the incidence of LV dysfunction.20


Post hoc analyses of randomized clinical trials suggest that additional mechanisms (vasodilator and


neurohormonal effects), in addition to the effect on long-term remodeling, might contribute substantially to
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the favorable effect of ACE inhibitors. This is suggested by the early beneficial effects (days 0 through 7, Fig


2 ) documented in GISSI-3 and ISIS-4 and the reduced number of ischemic events reported by the SOLVD


and SAVE trials after long-term ACE inhibition (although as expected no evidence of such an effect has been


found with the short-term treatments in GISSI-3 and ISIS-4).


In particular, activation of the renin-angiotensin system in the first few days after AMI34 may increase heart


rate and systemic vascular resistance and decrease coronary artery perfusion,35 which may lead to infarct


expansion. The early benefit observed in GISSI-3, ISIS-4, and CSI-1 could be explained in this way.


 


1. Patients with signs or symptoms of LV dysfunction at any time after AMI


warrant prompt initiation of long-term (lifelong?) ACE inhibitor treatment


unless contraindications exist.


2. Treatment of AMI patients with ACE inhibitors may be started the first


day after timely and careful observation of their hemodynamic and clinical


status and after administration of routinely recommended treatments (thrombolysis, aspirin, and ß-blockers).


No absolute "efficacy" criteria currently are available to recommend selection of preferential subgroups in the


early phase of AMI.


3. Within the time frame of 24 hours after AMI, there is no evidence that in relatively unselected AMI


patients early treatment with ACE inhibitors provides more efficacy. However, because mortality is highest in


the acute phase of AMI, treatment should not be delayed unnecessarily.


4. Discontinuing ACE inhibitor treatment that was begun in the early phase of AMI should be considered in


patients without asymptomatic LV dysfunction after 4 to 6 weeks. Further reassessment of LV function might


be considered 4 to 6 months after AMI.


5. The dose of an ACE inhibitor can be individualized on the basis of safety criteria (eg, hemodynamic


response) because simple criteria of efficacy, especially in the early phase, are not available. However, the


target dose should be that used in the clinical trials.


6. A planned meta-analysis of existing trials should allow more reliable focusing on predefined subgroups of


patients at higher risk of side effects or with better-defined profiles of potential benefit.
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Evaluation of a novel antiplatelet agent for secondary
prevention in patients with a history of atherosclerotic
disease: Design and rationale for the
Thrombin-Receptor Antagonist in Secondary Prevention
of Atherothrombotic Ischemic Events
(TRA 2°P)-TIMI 50 trial
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John Strony, MD,c Enrico Veltri, MD,c Marc P. Bonaca, MD,a Polly Fish, BA,a Carolyn H. McCabe, BS,a and
Eugene Braunwald, MDa, for the TRA 2-P-TIMI 50 Investigatorsd Boston, MA; Edinburgh, United Kingdom;
and Kenilworth, NJ


Background Thrombin potently activates platelets via interaction with the protease-activated receptor 1. SCH 530348 is
a novel antiplatelet agent that selectively inhibits the cellular actions of thrombin via antagonism of the protease-activated
receptor 1. Because SCH 530348 does not interfere with other pathways for hemostasis, it is possible that SCH 530348
reduces thrombosis with less increase in bleeding than do other potent antiplatelet agents.


Study design TRA 2°P-TIMI 50 is a phase III, randomized, double-blind, placebo-controlled, multinational clinical trial
designed to evaluate the efficacy and safety of SCH 530348 during long-term treatment of patients with established
atherosclerotic disease receiving standard therapy (up to 27,000). Eligible patients with a history of myocardial infarction,
ischemic stroke, or peripheral arterial disease are randomized 1:1 to SCH 530348 2.5 mg daily or matched placebo until the
end of study. Randomization is stratified by the qualifying disease and planned use of a thienopyridine. The primary end point is
the composite of cardiovascular death, myocardial infarction, stroke, or urgent coronary revascularization. The major
secondary end point is the composite of cardiovascular death, myocardial infarction, or stroke. The evaluation of long-term
safety includes bleeding defined by the GUSTO and TIMI criteria. Recruitment began in September 2007. The trial will continue
until 2,279 primary end points and 1,400 secondary end points are recorded with expected completion in 36 to 44 months
from first enrollment.


Conclusions TRA 2°P-TIMI 50 is evaluating whether a new approach to platelet inhibition via interruption of thrombin-
mediated platelet activation reduces major cardiovascular events with a favorable safety profile in patients with established
atherosclerosis. (Am Heart J 2009;158:335-341.e3.)

From the aTIMI Study Group, Cardiovascular Division, Department of Medicine, Brigham
and Women's Hospital, Boston, MA, bCardiovascular Research, University of Edinburgh,
Edinburgh, United Kingdom, and cSchering-Plough Research Institute, Kenilworth, NJ.
dSee Appendix A for a complete listing of TRA 2°P-TIMI 50 Investigators.
The TRA 2°P-TIMI 50 trial is supported by Schering-Plough Research Institute.
Registration: www.clinicaltrials.gov NCT00526474.
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Reprint requests: David A. Morrow, MD, MPH, TIMI Study Group, Cardiovascular Division,
Department of Medicine, Brigham and Women's Hospital, 75 Francis Street, Boston, MA
02115.
E-mail: dmorrow@partners.org
0002-8703/$ - see front matter
© 2009, Published by Mosby, Inc.
doi:10.1016/j.ahj.2009.06.027

Atherosclerosis is a highly prevalent disease that is
estimated to impact N15 million persons in the United
States alone.1 The atherothrombotic complications of
atherosclerosis are the leading cause of morbidity and
mortality in industrialized society. Despite the widespread
use of lipid-lowering, antihypertensive, and other disease-
modifying therapies, N1 in 10 patients with a history of
atherosclerosis will have a recurrent major cardiovascular
event each year.2 Moreover, the global burden of this
disease continues to increase as its prevalence rises in
developing countries, and it is estimated that in the year
2020, cardiovascular disease will become the leading
cause of death and disability worldwide.3 Therefore, there
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Figure 1


Study schema TRA 2°P-TIMI 50. CVA, Cerebrovascular accident (ischemic stroke); min, minimum; avg, average; mo, months; CV, cardiovascular.
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remains an opportunity for new effective secondary
preventive therapies to meaningfully impact global health.
Platelets play a central role in atherothrombosis and are


an important target for pharmacotherapy. Aspirin, despite
being a relatively weak inhibitor of platelet aggregation,
significantly reduces the risk of major cardiovascular
events in patients with established atherosclerosis.4 In
patients with acute coronary syndromes, the combination
of aspirin and clopidogrel, an inhibitor of the P2Y12
adenosine diphosphate receptor, is superior to aspirin
alone for reducing the incidence of recurrent major
cardiovascular events.5-7 Moreover, in this setting, even
more potent inhibition of the same pathway with a third-
generation thienopyridine provides an incremental
improvement in thrombotic outcomes.8 In contrast,
among patients with stable atherosclerotic disease, a
benefit of dual antiplatelet therapy is not established.9


However, an exploratory subgroup analysis from a
randomized trial of clopidogrel plus aspirin has suggested
the hypothesis that this combination will lower the risk of
atherothrombotic events in patients with a history of
myocardial infarction (MI), stroke, or symptomatic
peripheral arterial disease (PAD).10 This potential benefit
of dual antiplatelet therapy with clopidogrel was accom-
panied by an increased risk of bleeding that is not
desirable, particularly when intended as a chronic
preventive therapy.9

Thrombin is a serine protease that plays a critical role in
hemostasis. In addition to generating fibrin, the end
product of the coagulation cascade, thrombin is also the
most potent known physiologic agonist of platelets via its
interaction with protease-activated receptors (PARs) on
the platelet surface.11 Thrombin also interacts with
endothelial, smooth muscle, and inflammatory cells and
has been implicated in atherogenesis and restenosis
mediated through these cellular interactions.11 As such, a
thrombin-receptor antagonist (TRA) has the potential to
treat a variety of cardiovascular disorders associated with
atherosclerosis and thrombosis.11 By selectively interfer-
ing with the cellular actions of thrombin, an antagonist of
PAR-1 may be anticipated to have antiplatelet effects in
conditions in which thrombin-stimulated platelet activa-
tion is important. However, because the generation of
fibrin by thrombin is unaffected by inhibition of PAR-1, and
thrombin-receptor antagonism does not interfere with
collagen or adenosine diphosphate–induced platelet
activation in ex vivo testing, this strategy for platelet
inhibition may have potential for less suppression of
normal hemostasis and for a favorable balance of
antithrombotic efficacy and risk of bleeding.12


SCH 530348 is a competitive and selective inhibitor of
PAR-1 that potently inhibits thrombin-induced platelet
aggregation without affecting measures of coagulation or
increasing bleeding time.12,13 In a phase II trial of 573







Table I. Inclusion/Exclusion criteria


Inclusion criteria
Patients must meet all of the following criteria to be eligible for enrollment:


1. At least 18 years old
2. Evidence or a history of atherosclerosis involving the coronary, cerebral, or peripheral vascular systems as follows:
a. CAD: presumed spontaneous MI ≥ 2 wk but ≤ 12 m prior, or
b. CVD: ischemic (presumed thrombotic) stroke ≥ 2 wk but ≤ 12 m prior, or
c. PAD: history of intermittent claudication and
i. An ABI of b0.85, or
ii. Amputation or revascularization of the extremities secondary to ischemia


3. Able and willing to give appropriate informed consent
4. A woman of child-bearing potential who is sexually active must agree to use contraception


Exclusion criteria
Patients who meet any of the following criteria are excluded from the study:


1. Clinically unstable at the time of enrollment
2. Any planned coronary revascularization or peripheral intervention
3. Concurrent or anticipated treatment with warfarin, oral factor Xa inhibitor, or oral direct thrombin inhibitor after enrollment
4. Concurrent or anticipated treatment with a potent inducer or potent inhibitor of CYP3A4 isoenzymes
5. History of a bleeding diathesis, or evidence of active abnormal bleeding within 30 d before enrollment
6. History at any time of intracranial hemorrhage, intracranial or spinal cord surgery, or a central nervous system tumor or aneurysm
7. Documented sustained severe hypertension (systolic blood pressure N200 mm Hg or diastolic blood pressure N110 mm Hg) at enrollment or within the


previous 10 d
8. Severe valvular heart disease
9. History within 2 wk prior to enrollment of major surgery or ischemic stroke
10. Known platelet count b100 000/mm3 within 30 d before enrollment
11. Known active hepatobiliary disease, or unexplained persistent increase in ALT or AST activity ≥2× ULN
12. Any serious illness or any condition that the investigator feels would (a) pose a significant hazard to the subject if investigational therapy were initiated


or (b) would limit the prognosis of the subject, regardless of investigational therapy
13. Any serious medical comorbidity (eg, active malignancy) such that the subject's life expectancy is b24 m
14. Previous participation in the current study
15. Current participation in any other study of investigational therapy, or participation in such a study within the last 30 d
16. Known hypersensitivity to any component of the current investigational product
17. Subject is a woman who is breast-feeding, pregnant, or who intends to become pregnant
18. Subject is part of the staff personnel directly involved with this study, or is a family member of the investigational staff


CAD, Coronary artery disease; CVD, cardiovascular disease; ABI, ankle/brachial index; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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subjects who underwent percutaneous coronary inter-
vention, SCH 530348 showed no associated increase in
bleeding compared with placebo and was associated with
a trend toward a lower incidence of death or MI.14 The
Thrombin Receptor Antagonist in Secondary Prevention
of Atherothrombotic Ischemic Events (TRA 2°P)-TIMI 50
trial (www.clinicaltrials.gov NCT00526474) is evaluating
the efficacy and long-term safety of SCH 530348 for the
reduction of atherothrombotic events in patients with
established atherosclerosis. In addition to directly testing a
specific agent, SCH 530348, the TRA 2°P-TIMI 50 trial will
investigate whether the PAR-1 receptor is a valuable target
for prevention of atherothrombosis and whether more
potent antiplatelet therapy is beneficial for secondary
prevention in the stable patient with a history of definite
atherothrombosis. The TRA 2°P-TIMI 50 trial is part of a
large phase III program that includes a concurrent
assessment of SCH 530348 in patients with non–ST-
elevation acute coronary syndromes (TRA∙CER www.
clinicaltrials.gov NCT00527943).15

Study design and population
TRA 2°P-TIMI 50 is a randomized, double-blind,


placebo-controlled, multinational clinical trial designed

to evaluate the efficacy and safety of SCH 530348 during
the long-term treatment of patients with established
atherosclerosis receiving standard therapy (Figure 1).
The primary objective is to evaluate the hypothesis that
SCH 530348 added to the standard of care will reduce
the incidence of atherothrombotic ischemic events.
Study patients must have a history of atherosclerosis


involving the coronary, cerebrovascular, or peripheral
vascular systems defined as any one of the following:
(1) spontaneous (type 1) MI within the prior 2 weeks to
12 months; (2) ischemic (presumed thrombotic) stroke
within the prior 2 weeks to 12 months; or (3) history of
intermittent claudication in conjunction with an ankle-
brachial index b0.85 or prior revascularization for limb
ischemia.. These criteria are aimed at including the
spectrum of patients with atherothrombotic disease with
an emphasis on patients with a definite prior atherothrom-
botic event. Notably, patientswith a history of PAD, even in
the absence of symptomatic coronary or cerebral athero-
thrombosis, have a substantial risk of first MI or stroke.2


Key exclusion criteria include history of bleeding
diathesis, recent active abnormal bleeding, treatment
with warfarin, or active hepatobiliary disease. All patients
must providewritten informed consent for participation. A
complete listing of the entry criteria is provided in Table I.



http://www.clinicaltrials.gov
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Up to 27,000 eligible patients are being randomized in
a 1:1 ratio to receive either SCH 530348 or placebo.
Randomized allocation of study treatment is performed
via a central computerized telephone system with
stratification of randomization by the qualifying athero-
sclerotic disease, and the responsible physician's intent
to manage the patient with a thienopyridine, declared
using the interactive telephone system at the time of
randomization. The Operations Committee is monitoring
enrollment in each group of qualifying atherosclerotic
disease and may decide to cap enrollment in one or more
groups. Patients will be followed up for all clinical end
points until the end of the study, which will occur after at
least 2,279 primary end point events (cardiovascular
death, MI, stroke, or urgent coronary revascularization)
and 1,400 key secondary end points (cardiovascular
death, MI, or stroke) are recorded, with a minimum
duration of follow-up of 1 year for the final subject
enrolled and anticipated average duration of follow-up of
approximately 24 months.


Treatment protocol and
follow-up procedures
Study drug is administered as 2.5 mg daily of SCH


530348 or matched placebo. This dose was selected
because it was the lowest dose in phase 1 studies that
consistently inhibited ex vivo thrombin-receptor agonist
peptide–induced platelet aggregation by ≥80% in most
subjects within 1 week of dosing. This dose has also been
shown to provide uniformly sustained ≥80% inhibition of
platelet aggregation with thrombin-receptor agonist pep-
tide at 30 days.14 No loading dose is administered because
a rapid onset is not required in the stable setting studied in
this trial. Patients will be treated with SCH 530348 or
matched placebo until the end of follow-up without dose
adjustment. All other therapy for the management of the
patient's qualifying atherosclerosis, including other anti-
platelet therapy, is at the discretion of the responsible
medical staff and is to be commensurate with contempor-
ary local treatment guidelines and practices. Study therapy
is to be interrupted if concomitant use of a potent
inhibitor of CYP3A4 enzymes is required or if a new
indication requiring treatment with warfarin in conjunc-
tion with a thienopyridine arises after randomization.
Study therapy is to be continued in the case of surgical or
invasive procedures. This recommendation is based on
the preservation of other pathways for coagulation during
selective inhibition of the PAR-1 pathway and the absence
of a difference in procedural bleeding with SCH530348
compared with placebo in the TRA-PCI trial.
Patients return for study visits at 30 days, 4 months, 8


months, 12 months, and every 6 months thereafter until
end of study. During follow-up visits, patients are
examined, assessed for adverse events and functional
status, and blood and urine are sampled for local and/or

central laboratory testing. All patients will undergo a final
visit at completion of the study.

Study end points
The primary end point of the trial is the composite of


cardiovascular death, MI, stroke, or urgent coronary
revascularization. Myocardial infarction is defined by
symptoms suggestive of ischemia/infarction in association
with either electrocardiographic, cardiac biomarker, or
pathologic evidence of infarction using criteria (Appendix
B) adapted from the definition developed by the American
College of Cardiology and the Universal Definition of
Myocardial Infarction.16,17 Myocardial infarction events
are also classified according to the clinical classification
system and peak biomarker concentrations as recom-
mended by the Universal Definition of Myocardial
Infarction.16,17 The end point of urgent coronary revascu-
larization (Appendix B) requires symptoms that are
consistent with myocardial ischemia and that lead to
coronary revascularization during an unplanned hospita-
lization for these symptoms. The major secondary end
point is the composite of cardiovascular death, MI, or
stroke. Other secondary end points include any arterial
revascularization for ischemia and hospitalization for
vascular cause of an ischemic nature, which includes
hospitalization for myocardial ischemia, cerebrovascular
ischemia (stroke or transient ischemic attack), or acute
limb ischemia. All elements of the primary composite and
major secondary efficacy end points, as well as hospita-
lization for vascular cause of an ischemic nature, and stent
thrombosis are adjudicated by members of a Clinical
Events Committee blinded to treatment allocation. To
facilitate combined analysis of the 2 trials in the phase III
program, the end point definitions and Clinical Events
Committee processes for this trial are homogeneous with
those for the TRA∙CER trial.
The safety of SCH 530348 compared with placebo is


being assessed with respect to bleeding defined by the
GUSTO, TIMI, and International Society of Thrombosis
and Hemostasis classification systems (Appendix B).
Transfusions and the clinical site of bleeding are recorded
and will be summarized. Net clinical outcome will be
described by the composite of cardiovascular death, MI,
stroke, urgent coronary revascularization, and GUSTO
severe or moderate bleeding. In addition, all adverse
events, including clinically significant laboratory abnorm-
alities, are recorded.

Statistical considerations
The primary efficacy analysis of TRA 2°P-TIMI 50 will be


based on the time from randomized treatment assignment
until the first occurrence of any element of the primary
composite end point. A Cox proportional hazard model
with covariates of treatment and stratification factors at







Table II. Baseline characteristics of first 12 000 randomized
patients


Demographics
Age, y (mean ± SD) 61.8 ± 10.8


Age N75 y 13%
Male 75%


Cardiovascular risk factors
Diabetes 26%
Hypertension 69%
Dyslipidemia 84%
Smoking (current) 21%


Qualifying atherosclerosis
MI 59%
Ischemic stroke 16%
PAD 25%


Background therapy
Aspirin 88%
Thienopyridine 55%
Aspirin and thienopyridine 50%
Statin 81%
ACE Inhibitor or ARB 64%


Limited to the first 12,000 subjected enrolled with baseline data available. ACE,
Angiotensin-converting enzyme; ARB, angiotensin receptor blocker.
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randomization will be used to perform this analysis. The
major secondary efficacy hypothesis will be tested in a
confirmatory sense only if superiority of SCH 530348 with
respect to the primary end point is established. Therefore,
no multiplicity adjustment is needed for the secondary
efficacy end point. Efficacy analyses will be conducted on
an intent-to-treat basis among all subjects randomized.
Safety evaluations will include all subjects who receive at
least one dose of study treatment.
The sample size determination for the trial was made to


provide sufficient power to address both the primary and
major secondary efficacy hypotheses. The initial sample
size was calculated based on the assumption of overall
enrollment interval of 24 months and a minimum subject
participation of 12 months, in conjunction with an 8% per
year placebo rate of cardiovascular death, MI, stroke, or
urgent coronary revascularization and 4% per year
placebo rate of cardiovascular death, MI, or stroke. The
placebo rate was estimated from previously completed
clinical trials of antiplatelet therapy for secondary preven-
tion in patients with stable atherosclerosis.9,10,18 With
these assumptions, a total of 2,279 events will be required
to detect a 15% difference between the 2 treatment
groups at 2-sided 5% significance level with 98% power. In
addition, 1,400 major secondary end point events will be
required to detect a 15% difference between the 2
treatment groups at 2-sided 5% significance level with
85% power. The final sample size included an adjustment
for dropout of subjects. A planned reassessment of sample
size was conducted before completion of the enrollment
phase on the basis of the aggregated (blinded) incidence
of the primary and major secondary end points and
dropout rate to accrue the required number of primary
and major secondary end point events within a time-frame
commensurate with the logistical requirements of the
trial, including an overall trial duration of approximately
36 months. This reassessment resulted in a protocol
amendment that increased the sample size to 25,000
subjects with an additional reassessment planned before
completion of enrollment with an increase up to 27,000
subjects if needed to maintain the planned power and
overall duration of the trial.
Periodic assessments of safety, including bleeding using


the TIMI and GUSTO classifications, are being performed
by an independent Data and Safety Monitoring Board. In
addition, there is one planned interim analysis of efficacy
when approximately half of the anticipated major
cardiovascular events have been accrued. A Fleming-
Harrington-O'Brien19 stopping boundary will be used,
with a nominal P value required for significance of .003 at
the interim. The final analysis will be referred to a nominal
significance level of .049.
Analyses of the primary and secondary end points will


be performed in subgroups that include, but are not
limited to, those based upon the following: qualifying
atherosclerotic disease, history of atherosclerotic disease

(eg, history of MI that did not meet inclusion criteria),
other antiplatelet therapy, diagnosis of diabetes mellitus,
age at enrollment, C-reactive protein at enrollment, and
soluble CD40 ligand at enrollment. The efficacy of study
drug with respect to stent thrombosis will also be
assessed. In addition, an exploratory evaluation of efficacy
and safety will be performed separately in subjects
undergoing percutaneous revascularization or coronary
artery bypass grafting during participation.


Biomarker substudy
A substudy of vascular biomarkers is aimed principally at


assessing the interaction between baseline biomarkers of
inflammation (eg, high-sensitivity C-reactive protein,
metalloproteinases), thrombosis (eg, soluble CD40L),
atherogenesis (eg, lipoprotein phospholipase A2), hemo-
dynamic stress (natriuretic peptides), and myocardial
injury (high-sensitivity troponin) with the clinical efficacy
of SCH 530348. The biomarker analyses will also evaluate
effects of SCH 530348 on levels of these biomarkers
during long-term follow-up. In addition, by virtue of the
large sample size, well-characterized population, and long-
term follow-up, the TRA 2°P-TIMI 50 biomarker study will
provide a valuable opportunity to prospectively test
multimarker strategies for risk assessment and clinical
decision making in patients with stable atherosclerosis.
Whole blood is also collected at the time of study entry for
isolation of DNA from patients providing separate consent
for participation in a pharmacogenetic substudy.


Study organization
The TRA 2°P-TIMI 50 trial is being conducted among


approximately 1,000 investigative sites in 31 countries.
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The Operations Committee, composed of members of the
TIMI Study Group, Worldwide Clinical Trials, and the
sponsor (Schering-Plough Research Institute, Kenilworth,
NJ), oversees all aspects of the trial (Appendix A). The
Steering Committee is responsible for the scientific
content of the protocol and its implementation. A data
and safety monitoring board is responsible for indepen-
dent assessment of the study and periodic reviews of
accumulating safety data from the trial. The study was
designed by the TIMI Study Group in conjunction with the
Steering Committee and the trial sponsor. Data analysis will
be conducted by the TIMI Study Group with validation by
the sponsor. The TIMI Study Group will have free and
complete access to the data and will submit the results of
the study for publication in a peer-reviewed medical
journal. The trial registration number is NCT00526474.
Recruitment in the study began in September 2007.


Table II shows the baseline characteristics of the first
12,000 randomized patients.

Discussion
SCH 530348 is a synthetic tricyclic 3-phenylpyridine that


is a himbacine-based antagonist of the platelet thrombin
receptor, PAR-1. SCH 530348 has excellent bioavailability
when administered orally. The pharmacodynamic half-life
of SCH 530348 is N7 days. It is metabolized and eliminated
primarily by biliary and gastrointestinal routes. Therefore,
coadministration of potent inhibitors of the hepatic
CYP3A4 enzyme, such as ketoconazole, may increase
the plasma concentration of SCH 530348. Conversely,
potent inducers of CYP3A4, such as rifampin, will reduce
the plasma concentration of SCH 53048.
This TRA is the first in the class of inhibitors of the PAR-1


receptor to enter evaluation in a phase III program. Recent
results with the novel, more potent thienopyridine
establish the incremental value of more potent platelet
inhibition in patients with unstable ischemic syndromes.8


However, this reduction in recurrent atherothrombotic
events was at the cost of increased bleeding.8 Therefore,
achievement of an optimal balance of antithrombotic
efficacy and bleeding is an important objective for the
development of new antithrombotic agents, particularly
when proposed for long-term administration. Because SCH
530348 inhibits thrombin-mediated activation of platelets
without affecting the enzymatic activity of thrombin on
fibrinogen or inhibiting other pathways for platelet
activation, this agent has the potential to reduce the risk
of atherothrombotic events with less bleeding than with
potent inhibitors of the P2Y12 receptor.
With this background, the TRA 2°P-TIMI 50 trial will


address the following scientific objectives: (1) evaluate
whether inhibition of the PAR-1 receptor pathway is a
valuable target for reducing atherothrombotic events; (2)
assess whether selective inhibition of this pathway may
achieve antithrombotic efficacy with less bleeding than

with available antiplatelet agents; and (3) investigate
whether more potent antiplatelet therapy is useful for
secondary prevention in the stable patient with a history
of definite atherosclerosis.

Summary
TRA 2°P-TIMI 50 is a phase III, randomized, double-


blind, placebo-controlled, multinational, clinical trial
designed to study the efficacy and safety of SCH 530348
in the long-term treatment of patients with established
atherosclerosis. The trial will provide valuable information
regarding the effects of this new class of antiplatelet
agents that has the potential to reduce ischemic complica-
tions with a favorable profile of bleeding.
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Joseph Vita

Appendix B. End point definitions


Definition of urgent coronary revascularization
Ischemic discomfort or equivalent meeting the


following criteria:

a) Lasting ≥10 minutes at rest, or repeated episodes at
rest lasting≥5 minutes, considered to be myocardial
ischemia upon final diagnosis
AND


b) Prompting coronary revascularization during an
unscheduled visit to healthcare facility or during an
unplanned (or prolonged) hospitalization for
these symptoms


Definition of MI
To meet the criteria for the end point MI, the MI must be


distinct from the index event.


a) For patients with no recent revascularization in
whom biomarkers were never elevated or have
been documented to return to normal after a
qualifying (or recent) MI, criteria (1) and (2) or
criterion (3) or criterion (4) must be met:
1. Typical cardiac biomarker rise and/or fall with the


following degrees of elevation accepted as
biochemical evidence of myocardial necrosis:
(a) Troponin T or I: maximal concentration


greater than the MI decision limit;
(b) Creatine kinase-MB (CK-MB): maximal concen-


tration greater than the upper limit of normal;
AND


2. At least one of the following additional supportive
criteria:
(a) Ischemic discomfort at rest lasting ≥10


minutes; or
(b) Electrocardiogram (ECG) changes indicative of


ischemia (ST elevation ≥0.1 mVor ST depres-
sion ≥0.05 mV, or new T-wave inversions);
OR


3. Development of new, abnormal Q waves (≥30
milliseconds in duration and ≥1 mm in depth) in
≥2 contiguous precordial leads or ≥2 adjacent
limb leads; or increase R amplitude in V1-V3
consistent with posterior infarction;


OR
4. Pathologic findings of an acute MI.


b) For patients with no recent revascularization in
whom biomarkers from a qualifying (or recent) MI
remain elevated, criteria (1) and (2), or criterion (3)
must be met:
1. Cardiac biomarker reelevation defined as:


(a) Increase by at least 20% over the previous
value; and


(b) Documentation that the biomarker assayed
was decreasing prior to the suspected
new MI;
AND


2. At least one of the following additional supportive
criteria:
(a) Ischemic discomfort at rest lasting ≥10


minutes; or
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(b) ECG changes indicative of ischemia (ST
elevation ≥0.1 mV or ST depression ≥0.05
mV, or new T-wave inversions);
OR


3. Development of new, abnormal Q waves (≥30
milliseconds in duration and ≥1 mm in depth) in
≥2 contiguous precordial leads or ≥2 adjacent
limb leads; or increase R amplitude in V1-V3
consistent with posterior infarction;


OR
4. New elevation of ST-segments ≥0.1 mV in ≥2


contiguous precordial or adjacent limb leads
AND


(a) Ischemic discomfort at rest lasting ≥20
minutes; or


(b) Ischemia-mediated new hemodynamic
decompensation requiring pharmacologic or
mechanical support; or


(c) Angiographic evidence of acute coronary
occlusion


c) Within 24 hours after PCI a patient must have
EITHER:
1. CK-MB N3× ULN and, if the pre-PCI CK-MB was


NULN, both an increase by at least 50% over the
previous value and documentation that CK-MB
was decreasing prior to the suspected recurrent
MI; or


2. Pathologic findings of an acute MI.
Note: symptoms are not required.


d) Within 24 hours after coronary artery bypass graft
(CABG) a patient must have EITHER:
1. CK-MB N5× ULN and, if the pre-CABG CK-MB


was NULN, both an increase by at least 50% over
the previous value and documentation that
CKMB was decreasing prior to the suspected
recurrent MI;
AND


2. At least one of the following supportive criteria:
(a) Development of new, abnormal Q waves


(≥30 milliseconds in duration and ≥1 mm in
depth) in ≥2 contiguous precordial leads or
≥2 adjacent limb leads, or increase R ampli-
tude in V1-V3 consistent with posterior
infarction; or


(b) Angiographically documented new graft or
native coronary occlusion, or


(c) Imaging evidence of new loss of
viable myocardium


3. Pathologic findings of an acute MI.


Note: symptoms are not required.


Note: If cardiac troponin measurements are the only


cardiac biomarker data available, they may be used by


the CEC, along with the ECG and clinical scenario, in the


adjudication of suspected MI after revascularization


(PCI or CABG).

Definition of stroke
Stroke is defined as an acute focal neurological deficit of


sudden onset,


a) that is not reversible within 24 hours or results in
death (in b24 hours) and is not due to an
identifiable non-vascular cause (ie, brain tumor,
trauma), or


b) that resolves in b24 hours and is accompanied by
clear evidence of a new stroke on cerebral imaging


Stroke will be subclassified into one of the following
4 groups:


• Nonhemorrhagic cerebral infarction
Stroke without focal collections of intracerebral
blood on a brain imaging. This category will be
subclassified into suspected embolic versus other.


• Nonhemorrhagic infarction with hemorrhagic
conversion
Cerebral infarction with blood felt to represent
hemorrhagic conversion and not a primary hemor-
rhage. Hemorrhagic conversion usually occurs on
the cortical surface. Hemorrhagic conversion in the
deeper brain requires evidence of nonhemorrhagic
infarction in the same vascular territory. Microhe-
morrhages evident on magnetic resonance imaging
(MRI), whether in the cortex or deep brain
structures, are not considered to be consistent with a
hemorrhagic conversion end point.


• Primary hemorrhagic
○ Intracerebral hemorrhage—Stroke with focal
collections of intracerebral blood seen on a brain
image (computed tomography or MRI) or a
postmortem examination, not likely to represent
hemorrhagic conversion. Primary hemorrhages
cause hematomas, which are usually easily dis-
criminated by their subcortical location and
rounded or elliptical shape. Microhemorrhages
incidentally discovered on brain imaging in the
absence of associated symptoms will not be
considered to be a primary intracranial hemor-
rhage end point.


○ Subarachnoid hemorrhage—High-density fluid
collection in subarachnoid space on brain images
or blood in the subarachnoid space on autopsy


○ Subdural hematoma will not be classified as a
stroke but will be classified as a bleeding event
(intracranial hemorrhage).


• Uncertain
Any stroke without brain image (computed tomo-
graphy or MRI) or autopsy documentation of type, or
if tests are inconclusive


TIMI bleeding classification
The following definitions apply to all settings outside of


peri-CABG:
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Major:
1. Any intracranial (ICH)*, or
2. Clinically significant overt signs of hemorrhage


associated with a drop in hemoglobin (Hgb) of
≥5 g/dL (or, when Hgb is not available, an
absolute drop in hematocrit (Hct) of ≥15%).


Minor:
Any clinically significant overt sign of hemorrhage
(including imaging) that is associated with a fall in Hgb
of 3 to b5 g/dL (or, when Hgb is not available, a fall in
Hct of 9 to b15%).


To account for transfusions, Hgb and Hct measurements
will be adjusted for any packed red blood cells (PRBCs) or
whole blood given between baseline and post-transfusion
measurements. A transfusion of one unit of blood will be
assumed to result in an increase by 1 gm/dL in Hgb or by
3% in Hct. Thus, to calculate the true change in
hemoglobin or hematocrit, if there has been an interven-
ing transfusion between 2 blood measurements, the
following calculations should be performed:


DHgb = ½baseline Hgb� postransfusion Hgb� + ½e transfused units�
DHct= ½baseline Hct�postransfusion Hct� + ½e transfused units� 3�


Bleeding requiring medical attention:
Any clinically overt bleeding that requires unplanned


medical treatment, surgical treatment, or laboratory
evaluation and does not meet criteria for major or minor
bleeding, as defined above.


TIMI Clinically significant Bleeding:
The presence of either TIMI major or TIMI minor


bleeding, or bleeding requiring medical attention.


For patients experiencing a hemorrhage that occurs as
a result of CABG, the following criteria will be used:


Major: Any hemorrhage that meets any of the
following criteria:


a. Fatal bleeding (ie, bleeding that directly results in
death), or


b. Perioperative intracranial bleeding*, or
c. Reoperation following closure of the sternotomy


incision for the purpose of controlling
bleeding, or

d. Transfusion** of ≥5 U of whole blood or PRBCs
within a 48 hour period, or


e. Chest tube output N2 L within a 24-hour period.


None: Not qualifying as a major bleed in setting of
CABG.


*In light of the increased sensitivity of brain imaging
for microhemorrhages of uncertain clinical significance,
brain imaging with an incidental finding of microhe-
morrage in the absence of associated clinical symp-
toms/findings will not be considered to meet the
protocol definition of intracranial hemorrhage. **Cell
saver transfusion will not be counted in calculations of
blood products.

GUSTO Bleeding Classification
Severe: Bleeding* that was fatal, intracranial, or that


caused hemodynamic compromise requiring intervention
(eg systolic blood pressure b90 mm Hg that required
blood or fluid replacement, or vasopressor/inotropic
support**, or surgical intervention)
Moderate: Bleeding* requiring transfusion of whole


blood or packed red blood cells*** without hemodynamic
compromise (as defined above)
Mild: Bleeding* without blood transfusion or hemody-


namic compromise
*In all cases, bleeding must be clinically overt. **Need for


vasopressor/inotropic support for hemodynamic com-
promise, even if blood pressure is N90 mm Hg
with treatment.
***Does not include cell-saver transfusion during CABG

International Society of Thrombosis and Hemostasis
Major Bleeding
Clinically overt bleeding that is associated with:
1. A fall in hemoglobin of 2 g/dL or more, or
2. A transfusion of 2 or more units of packed red blood


cells or whole blood, or
3. A critical site: intracranial, intraspinal, intraocular,


pericardial, intra-articular, intramuscular with com-
partment syndrome, retroperitoneal, or


4. A fatal outcome.
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Summary 


Thrombolytic therapy improves outcome in patients with myocardial infarction but is 


associated with an increased risk of intracranial haemorrhage. For some patients, this risk 
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may outweigh the potential benefits of thrombolytic treatment. Using data from other studies, 


we developed a model for the assessment of an individual's risk of intracranial haemorrhage 


during thrombolysis. 


Data were available from 150 patients with documented intracranial haemorrhage and 294 


matched controls. 49 patients with intracranial haemorrhage and 122 controls had been 


treated with streptokinase, whereas 88 cases and 148 controls had received alteplase. By 


multivariate analysis, four factors were identified as independent predictors of intracranial 


haemorrhage; age over 65 years (odds ratio 2 2 [95%CI 1.4-3.5]),bodyweight below 70kg (2.1 


[1.3-3.2]), hypertension on hospital admission (2.0 [1.2-3.2]), and administration of alteplase 


(1.6 [1.0-2.5]). 


If the overall incidence of intracranial haemorrhage is assumed to be 0 75%, patients without 


risk factors who receive streptokinase have a 0 26% probability of intracranial haemorrhage. 


The risk is 0 96%, 1 32%, and 2 17% in patients with one, two, or three risk factors, 


respectively. We present a model for individual risk assessment that can be used easily in 


clinical practice. 


Lancet 1993; 342: 1523-28 


Introduction 


Thrombolytic therapy improves immediate and long-term survival( n1-n4) and quality of life


( n5) in patients with evolving myocardial infarction; however, it also carries a small but 


significant risk of severe bleeding complications, including intracranial haemorrhage physician 


must decide for each individual patient whether the potential benefits of thrombolytic therapy


( n6) outweigh the risk. Previous studies have shown that age, hypertension, a high dose of 


thrombolytic for a given body weight, being female, previous central nervous system disease, 


and use of oral anticoagulants are associated with increased bleeding risk after thrombolytic 


therapy.( n7-n12) However, the numbers of patients in each of these studies are small and 


risk assessment in individual patients remains uncertain. 


In this report, data from several studies( n7-n11, n13-n23) were combined to collect a larger 


database for statistical evaluation, so that we could develop a risk profile for intracranial 


haemorrhage that can be applied to individual patients to assess the appropriateness of 


thrombolytic therapy. 


Patients and methods 


Individual patient data were collected from five sources: a registry of thrombolytic therapy in 


the Netherlands in 1988-90,( n10) combined with data from two studies by the European 


Cooperative Study Group, ( n10, n16, n17) and for participants in the GISSI-II and 


International Study Group trials,( n11, n13, n14) the TIMI II trials,( n7, n8, n18, n19) studies 


by the TAMI group, ( n9, n20, n23) and the ISAM study.( n15) 
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In the Netherlands 2469 patients receiving thrombolytic therapy in 61 hospitals were 


registered prospectively during 18 months in 1988-90. The registry sought to collect all 


patients who received thrombolytic therapy for evolving myocardial infarction.( n10) No 


specific entry or exclusion criteria and no formal criteria for administration of thrombolytic 


therapy were applied. However, treatment of patients aged 75 years and older and treatment 


starting later than 6 h after symptom onset was unusual at that time. Most patients received 


streptokinase, usually with aspirin and intravenous heparin. 24 patients were identified who 


developed intracranial haemorrhage within 48 h of the start of thrombolytic therapy, and 


complete data were available for 22 of them. We also included 2 patients who had intracranial 


haemorrhages at the Thoraxcenter, Rotterdam, and 7 patients of 722 treated with alteplase in 


two studies by the European Cooperative Study Group.( n16, n17) Full details have been 


presented elsewhere.( n10) 


In the GISSI-2 and International Studies, complete data were available for 20768 patients 


who were randomly assigned either 1.5 MU streptokinase or 100 mg alteplase. That study 


had no age limit but patients with a history of cerebrovascular events in the preceding 6 


months were not eligible.( n13) All patients received aspirin and half received subcutaneous 


heparin, starting 12 h after initiation of thrombolytic therapy. Strokes were reported in 236 


patients (1.14%), of which 100 were of embolic origin, 74 were haemorrhagic, and 62 could 


not be classified.( n11) 


In the TIMI phase II pilot study and clinical trial, 908 patients were treated with 150 mg 


alteplase and 3016 patients with 100 mg alteplase, both in combination with heparin and 


aspirin.( n18, n19) Intracranial haemorrhages were observed in 27 patients (23 intracerebral, 


4 subdural ( n18)), of whom 14 had received 150 mg alteplase and 13 had received 100 ma. 


The TIMI studies enrolled patients up to the age of 75 years. Initially, patients with a history of 


active cerebrovascular disease during the previous 6 months were not eligible. After revision 


of the protocol,( n7) all patients with a history of stroke were excluded, as well as patients 


with blood pressures above 180 mm Hg systolic or 110 mm Hg diastolic at presentation. At 


first, aspirin 80 mg was started on the same day as thrombolytic therapy. The protocol was 


revised, and in most patients (3297) aspirin was not started until the next day. Heparin was 


given as a 5000 IU bolus at the start of alteplase infusion, and continued at 1000 IU per h. 


Subsequently, the dose was adjusted to maintain the activated prothrombin time (APTT) 


between 1 Sand 2.0 times control. After day 6, intravenous heparin was replaced by 


subcutaneous heparin and aspirin was increased to 325 mg daily.( n8, n15, n16) 


The TAMI studies( n9, n20-n23) enrolled 1619 patients up to 75 years of age, excluding those 


with recent (6 months) trauma, recent major surgery or active internal bleeding, known 


structural brain disease including tumour or arteriovenous malformation, stroke within the 


previous 6 months, and uncontrolled hypertension (diastolic pressure > 120 mm Hg by 


several measurements). Strokes were reported in 31 patients, 14 of whom had intracranial 


haemorrhage (0.9% of all patients). Thrombolytic therapy consisted of alteplase, in doses of 
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64-150 mg, plus urokinase (1.5-2.0 MU) or 3 MU urokinase alone in some of the patients. 


Heparin infusion was started during diagnostic and interventional cardiac catheterisation, and 


maintained continuously for a minimum of 24 h, adjusted to maintain APTT between 1.5 and 


2.0 times baseline. Aspirin was started during thrombolytic therapy and continued at 325 mg 


daily together with dipyridamole 75 mg 3 times daily. 


The ISAM study ( n15) enrolled 1741 patients. The age limit was 75 years. Reasons for 


exclusion were known haemorrhagic diathesis, use of anticoagulants, severe treatment-


resistant hypertension (systolic >/=200 mg Hg, diastolic >/=120 mm Hg), trauma, stroke, 


acute headache, visual disorders of unknown origin, trauma, or increased gastrointestinal 


bleeding risk. Intracranial haemorrhage was reported in 4 patients. All patients received 


streptokinase 1.5 MU in 1 h, as well as methylprednisolone, intravenous aspirin 500 mg and 


heparin, followed by phenprocoumon for at least 3 weeks. 


For each patient in these studies with intracranial haemorrhage, 2 controls were selected 


from the same population. The controls were patients treated in the same hospital, 


immediately before and after each patient with intracranial haemorrhage. For all cases and 


controls we recorded sex, age, body weight, the presence of insulin-dependent diabetes 


mellitus, vascular disease (history of intermittent claudication or vascular bruits before 


admission), hypertension before admission (patients receiving at least one antihypertensive 


drug), the use of anticoagulants before admission, smoking status, hypertension on 


admission (systolic >/=165 mm Hg, diastolic >=/ mm Hg, or both). We also recorded whether 


the patient received heparin, antiplatelet drugs, and anticoagulants during the hospital stay. 


Differences in clinical characteristics between patients with intracranial haemorrhage and 


controls were expressed as crude or univariate odds ratios with 95% CI. Multivariate logistic 


regression analysis was done with the BMDP statistical package. All variables and interaction 


terms were entered into the model. With step-up and step-down procedures we selected the 


variables that contributed independently to the risk of intracranial haemorrhage (p<0.05). The 


initial analysis included all patients with complete data sets to detect independent risk factors. 


Subsequently, the analysis was done with the larger number of patients for whom data on the 


risk factors retained in the initial analysis were complete. Data were presented as adjusted 


odds ratios with corresponding 95% CI. By Bayes' rule, probabilities were calculated for 


intracranial haemorrhage in four patient groups with no, one, two or three risk factors, 


respectively respectively.( n24) 


Results 


Data were available for 150 patients with intracranial haemorrhage and 294 matched 


controls. The other 6 control patients had incomplete data. The series consisted of 145 


patients with intracerebral bleeding and 5 with subdural haematoma. Diagnosis of intracranial 


haemorrhage was confirmed by computed tomography in most patients, and in others by 


necropsy or clinical findings. The mean age was significantly higher (p<0.00001) in the 
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patients with intracranial haemorrhage than in the controls (table 1). There was also a 


significant difference between the groups in the proportion of women (p=0.002). Infarct 


location was classified in different ways by the four study groups. Nevertheless, we found no 


differences in infarct location between the patient groups. In particular, no excessive bleeding 


risk was apparent in patients with anterior infarction. The incidence of documented 


intracranial haemorrhage was 0.9 (0.6-1.3)% in the registry from the Netherlands, 1.0% in the 


two trials by the European Cooperative Study Group, 0.4% in the GISSI-2 and International 


Studies (with another 0.3% unclassified strokes), 1.5% in TIMI patients receiving 150 mg 


alteplase and 0.4% in those receiving 100 mg alteplase, 0.9% in the TAMI studies, and 0.5% 


in the ISAM study. Our study could not investigate the risks of intracranial haemorrhage with 


all the thrombolytic regimens included. Nevertheless, it was apparent that a greater 


proportion of patients who had intracranial haemorrhages had received alteplase in various 


doses, whereas more controls had received streptokinase (table 1). 


The distribution of possible risk factors for intracranial haemorrhage is given in table 2. 


Advanced age, low body weight, female sex, and high blood pressure were associated with 


an increased risk of intracranial bleeding. Among the five patient series trends were similar, 


although many were net statistically significant within different series because of small patient 


numbers. Odds ratios were greater than 2.0 in all series for age and body weight and in 4 of 5 


for female sex. Few patients were taking coumadin or had a history of peripheral vascular 


disease, and no significant association with intracranial bleeding could be detected. Smoking 


was associated with a reduced intracranial bleeding risk. Furthermore, there was an 


apparently reduced risk associated with the use of aspirin in hospital, as well as with the use 


of coumadin in hospital, in the two series for which these data were available. 


For most risk indicators the association with intracranial haemorrhage was stronger among 


alteplase than among streptokinase recipients (table 2). For example, among patients treated 


with streptokinase, the dose indices (dose/ body weight) inpatients with intracranial 


haemorrhage and in controls were, respectively, 28 409 (7012) and 30 600 (6308) IU/kg(p= 


0.40). The corresponding dose indices for alteplase were 1.61 (0.37) and 1.46 (0.31) mg/kg 


(p<0.01). After exclusion of TIMI II patients-who received 150 mg alteplase, the dose indices 


were 1.48 (0.24) mg/kg and 1.37 (0.21) mg/kg (p<0.01). 


Multivariate logistic regression analysis showed that four factors known at hospital admission 


were related to risk of intracranial haemorrhage -- age over 65 years, weight under 70 kg, 


hypertension on admission (systolic >/=170 mm Hg, diastolic >/=95 mm Hg, or both), and 


drug regimens with alteplase in the doses used. The results of this analysis were similar for 


patients who had all data available (not shown) as well as for 429 patients (including 143 with 


intracranial haemorrhage) who had complete data for the variables retained in the 


multivariate model (table 3). Exclusion of patients with subdural haematoma did not affect the 


results. The analysis was repeated in various subgroups. in 258 patients who received 


alteplase the odds ratios for age, low body weight, and hypertension were 3.2 (1.8-5.6), 2.5 
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(1.4-4.4), and 2.0 (1.0-3.9), respectively. The corresponding odds ratios in 171 patients who 


received streptokinase were 1.3 (0.7-2.0), 1.6 (0.8-3.1), and 1.9 (0.9-4.0) (figure). Since the 


administration of 150 mg alteplase has been linked to excessive intracranial bleeding,( n7) we 


repeated this analysis after exclusion of patients who received such therapy. In the remaining 


220 alteplase recipients the odds ratios were 3.3 (1.8-6.2), 2.5 (1.4-4.7), and 1.6 (0.8-3.4), 


respectively. 


From the data in table 3, we developed a model to predict the risk of intracranial 


haemorrhage in an individual patient (tables 4 and 5). The odds ratios for the different risk 


factors were similar. Accordingly, these risk factors were given similar weights in the model 


and patients were grouped having one, two or three, and four risk factors. Assuming a 0.75% 


overall intracranial bleeding risk, the individual risk estimate varies from 0.26% for a patient 


without risk factors who received streptokinase to 5.0% for an elderly hypertensive patient 


with low body weight treated with alteplase. 


Discussion 


Haemorrhagic stroke accounts for 10-15% of all strokes in the general population( n25, n26) 


Risk factors for haemorrhagic stroke include advanced age, hypertension, trauma, vascular 


malformations, and the use of anticoagulants.( n25, n27) Most trials of anticoagulant drugs 


have excluded patients thought to be at high risk of intracranial haemorrhage, either by 


protocol or by prudent physicians when established risk factors were recognised. 


Nevertheless, thrombolytic therapy seems to be associated with an increased incidence of 


intracranial haemorrhage, albeit with a concomitant reduction in embolic stroke rates.( n1, n2) 


About half of all strokes after myocardial infarction are haemorrhagic when thrombolytic 


therapy is used.( n8, n11) 


The risk factors for embolic stroke and intracranial bleeding differ. Patients increased risk of 


embolic stroke, especially those with large anterior infarctions, should not be denied 


thrombolytic therapy. In fact, thrombolysis is specifically indicated for such patients, since it 


gives the greatest survival benefit in patients with larger infarcts.( n1-n3) Limitation of infarct 


size and the thrombolytic effect do reduce the risk of left ventricular thrombi. On the other 


hand, risk factors for haemorrhagic stroke that can be recognised at hospital admission 


should be taken into account when a decision is made to administer a thrombolytic drug to a 


given patient. 


Various features were found to be associated with the risk of intracranial haemorrhage in the 


studies included in our analysis. To obtain a larger database, the data were combined in our 


investigation. By multivariate logistic regression,four factors were independently associated 


with intracranial bleeding. Advanced age and high blood pressure are patient characteristics 


readily discernible before the decision on whether to give thrombolytic therapy is made. The 


associations with body weight and the use of alteplase mean that the choice of thrombolytic 


regimen must take into account the body size of a patient. Several other characteristics, 
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which are known risk factors for intracranial haemorrhage in population studies, were 


associated with the disorder in uni-variate analysis but did not seem to have independent 


predictive value in multivariate analysis. For example, therapy with coumadin was associated 


with intracranial haemorrhage in the series from the Netherlands (odds ratio 3.7 [0.8-16.5]) 


where such therapy is practised in many patients with a previous infarction.( n10) Similarly, a 


history of peripheral vascular disease or diabetes is likely to be associated with intracranial 


haemorrhage,( n22) but these findings were rare and the associations were not powerful 


enough to appear in the multivariate analysis. 


The association between age over 65 years and risk of intracranial haemorrhage was 


apparent even though some studies excluded patients over 70( n16, n17) or over 75.( n18-


23) In larger population surveys of stroke, rates increase with age.( n28) In such surveys 


embolic or thrombotic strokes are most frequent, although few surveys make a distinction 


between different types of stroke. Accordingly, the data presented in table 5 were calculated 


with the assumption that risks for intracranial haemorrhage during thrombolytic therapy 


increase with age in the same way as total stroke risk in the population. 


High blood pressure on admission was a stronger predictor of intracranial haemorrhage than 


a history of hypertension (table 2). This finding suggests that the bleeding risk depends not 


only on the state of the intracranial vessels, but also, and predominantly, on the actual blood 


pressure at the time of thrombolytic therapy. This notion is consistent with the observation 


that, at the time of hospital admission, more patients with intracranial haemorrhage than with 


other types of stroke showed high blood pressure.( n26) Prompt correction of high blood 


pressure is recommended in all infarct patients, but especially before or during thrombolytic 


therapy to reduce risk of bleeding. 


Low body weight was associated with increased risk of intracranial haemorrhage in patients 


treated with alteplase. GISSI-2 end the International Study Group did not find an association 


between body-mass index and haemorrhagic or all strokes in patients receiving thrombolytic 


therapy.( n11) However, body-mass index is a measure of the extent of obesity,not actual 


weight or total body mass Reanalysis of GISSI-2 and International Study Group data 


confirmed the association between intracranial haemorrhage risk and body weight for patients 


receiving alteplase, whereas no relation was observed in streptokinase recipients (A P 


Maggioni, M G Franzosi, personal communication). Weight-adjusted dosing for alteplase has 


been recommended previously, and has been introduced in clinical practice,( n21, n22) 


although "front-loaded" alteplase regimens use a fixed dose schedule.( n29) Our analysis 


implies that weight-adjusted dosing should also be considered for streptokinase. Future 


analysis of data from the GUSTO study may help to resolve this issue.( n30) 


Previous studies showed that intracranial haemorrhage is more common among patients 


treated with "standard" doses of alteplase( n11) or duteplase( n2) than in those given 


streptokinase. These observations are supported by our analysis (table 3). These figures 


Page 7 of 17EBSCOhost


11/29/2010http://web.ebscohost.com/ehost/delivery?vid=4&hid=7&sid=d51ca4df-297e-4f4b-8a2b-f...







correspond to the actual drug regimens used in the studies. Alteplase was given in most 


patients as a fixed dose of 100 mg over 3 h. This dose was selected from studies that 


showed more rapid coronary reperfusion in comparison with lower doses and with standard 


streptokinase.( n31-n33) It is net surprising that a regimen with greater thrombolytic efficacy 


results in more frequent side-effects, including intracranial haemorrhage. If patients are 


treated with alteplase, the bleeding risk can be reduced by lowering the dose. Administration 


of 50 mg alteplase, for example,gives the same coronary reperfusion rate as 1.5 MU 


streptokinase.( n31, n32) However, the survival benefits of that regimen have not been 


established. Still, an increased risk of intracranial haemorrhage would be acceptable if the 


survival benefits of such an intensive regimen exceeded those of a more moderate 


streptokinase regimen. The net clinical benefit should be positive. In ISIS-2,( n2) the number 


of survivors without neurological sequelae was slightly higher (although not significantly so) in 


duteplase recipients than in streptokinase recipients.( n2) On the other hand, in GISSI-2 the 


net clinical benefit was somewhat greater for streptokinase.( n13, n14) In the GUSTO trial, 


the greatest net clinical benefit was found for the accelerated alteplase regimen, despite a 


greater rate of intracranial haemorrhage in comparison with two streptokinase regimens.


( n30) 


In addition to the thrombolytic agent, most patients receive an inhibitor of platelet aggregation 


(aspirin) as well as an anticoagulant (heparin, either intravenously or subcutaneously). In our 


analysis, neither aspirin nor heparin given in hospital was associated with risk of intracranial 


haemorrhage, probably because the study protocols delayed use of these drugs until several 


hours after thrombolysis. Obviously, aspirin and heparin would be withheld if signs of 


intracranial haemorrhage became apparent in the first hours after initiation of thrombolytic 


therapy. 


Risk assessment 


The model presented in tables 4 and 5 may help a doctor to estimate the risk of intracranial 


haemorrhage in a given patient. If the overall risk of intracranial haemorrhage is 0 75%, the 


risk would be as low as 0 26% in patients without risk factors, who met the entry and 


exclusion criteria of the studies in this analysis. The probability of intracranial haemorrhage 


increased with the number of risk factors present. If the overall risk of intracranial 


haemorrhage is lower (0.50%), risks would be 0.88% and 143% in patients with two or three 


risk factors, respectively. The risks should be multiplied by 16 if the thrombolytic to be used is 


alteplase (figure). 


This assessment of intracranial haemorrhage risk is somewhat crude, and does not account 


for factors that are likely to increase the risk although present in a smaller subgroup of 


patients, such as a history of extensive peripheral vascular disease, diabetes, and use of oral 


anticoagulants. The studies included enrolled patients younger than 75 years, with the 


exception of GISSI-2 and the International Study Group. Since the risk of intracranial 


haemorrhage increases with age, the risk in patients aged 75-85 years should be estimated 
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as I 1.5 times greater than that in patients of 65-75 years and 50% higher again in patients 


above 85 years of age( n28) (table 5). Furthermore, in these and all other studies of 


thrombolysis, patients with recognised excessive risk of intracranial haemorrhage were 


excluded either by protocol, or by the doctors responsible for their treatment. Nevertheless, 


groups of patients with different risk profiles can be distinguished for individual clinical 


decision-making with the aid of our model. 


Conclusion 


In patients with evolving myocardial infarction thrombolytic therapy salvages part of the 


myocardium at risk and improves survival. However, in a small number of patients 


thrombolytic therapy causes intracranial haemorrhage, which often results in death or 


disability. In each patient the doctor should estimate the potential benefits and risks of 


thrombolytic therapy. Earlier studies addressed the question of which patients will benefit 


from thrombolysis.( n6) This report identifies the factors associated v with increased risk of 


intracranial haemorrhage--advanced age, hypertension upon admission, low body weight, 


and thrombolysis with current alteplase regimens. Thrombolytic therapy should nevertheless 


be given to elderly and hypertensive patients if the expected benefits are great--eg, in 


patients with extensive (anterior) ischaemia who can be treated soon after symptom onset.


( n1-n3, n6) A careful evaluation of the applicability thrombolytic therapy is warranted in 


patients with several risk factors for intracranial haemorrhage. 


We thank all investigators who contributed to the studies included in this report. 


Table 1: Baseline data for 150 patients with intracerebral heamorrhage (ICH) and 294 


matched controls (C) 


                    NL and ECSG    GISSI-2        TIMI 


                    ICH    C       ICH    C       ICH      C 


 


n                  31      62      74     142     27       54 


No (%) male        27(57)  48(77)  47(63) 112(79) 16(60)   43(80) 


Mean (SD) age 


in yr              65(8)   58(10)  66(11) 60(12)   63(8)   56(9) 


 


Infarct location[*] 


Anterior           14      19      25      59      15      30 


Inferior           16      38      12      26      12      24 


Inferoposterior    10      24 


Lateral             5      11 


Unknown             1       3      37      57 


 


Thrombolytic drug 


Streptokinase      15      35      30      79 
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Alteplase          10      20      44      63       27     54 


(pro)Urokinase      3       6 


Alptiplase+ 


urokinase 


Anistrplase         3       1 


 


                          TAMI        ISAM        Combined trials 


                      ICH     C     ICH     C       ICH    C 


 


n                     14      28     4       8      150    294 


No (%) male           7(50) 23(87)  2(50)  66(75)  98(65)  52(79) 


Mean (SD) age in yr  65(7)  54(12) 63(8)   58(12)  65(8)   58(11) 


 


Infarct location[*] 


Anterior               5     11       3      3      62    122 


Inferior               9     17       1      5      50    110 


Inferoposterior                                     10     24 


Lateral                                              5     11 


Unknown                                             38     60 


 


Thrombolytic drug 


Streptokinase                         4      8      49    122 


Alteplase                                           88    148 


(pro)Urokinase                                       7     12 


Alptiplase+urokinase                                 3     11 


Anistrplase                                          3      1 


 


NL= Netherlands Registryyy; ECSG= European Cooperative Study 


Group;(n10) GISSI-2= Gruppo Italiano per Io Studio della 


Soprawwivenza nell 'Infarto Miocardico B and International 


Study 


Group (n11, n13, n14) TIMI= Thrombolysis in Myocardial 


infarction 


phase II;(n8) TAMI= Thrombolysis and Angioplasty in Myocardial 


infarction (n9, n20-n24). ISAM= Intravenous Streptokinase in 


Acute Myyocardial infarction.(n18) 


 


[*] different criteria were used by the various study groups; 


in some patient multiple infarction location wwere reported 


simultaneously. 
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Table 2: Distribution of risk factors intracranial heamorrhage, incidence of intracranial 


heamorrhage, and unadjusted odd ratios 


                             All patients 


 


                        IC +    ICH -    Odd ratio 


                                         (95% CI) 


 


Age > 65 yr            82/173   68/270   2.7(1.8-4.0) 


Weight < 70 kg         76/171   74/272   2.1(1.4-3.2) 


Female                 52/113   98/330   2.0(1.3-3.1) 


Previous 


 hypertension          63/158   84/270   1.5(1.0-2.2) 


Hypertension 


 in hospital           49/108  100/334   1.9(1.2-3.00 


Vascular disease        6/12    65/202   2.1(0.6-6.8) 


Diabetes               19/52   129/386   1.1(0.6-2.1) 


Smoking                58/208   88/218   0.6(0.4-0.9) 


History of 


 coumadian treatment    5/8     71/218   3.5(0.8-15.0) 


Coumadin in hospital    6/31    54/151   0.4(0.2-1.1) 


Aspirin in hospital    46/171   41/78    0.3(0.2-0.6) 


Heparin in hospital    70/203   39/118   1.1(0.7-1.7) 


 


                          Alteplase-treated patients 


                        ICH +        ICH -      Odd ratio 


                                                (95% CI) 


 


Age > 65 yr             52/93       42/166      3.7(2.2-6.4) 


Weight < 70 kg          51/99       43/160      2.9(1.7-4.9) 


Female                  39/67       55/192      3.5(1.9-6.2) 


Previous                42/99       51/151      1.4(0.9-2.4) 


 hypertension 


Hypertension            27/56       66/202      1.9(1.1-3.5) 


 in hospital 


Vascular disease         4/8        45/142      2.2(0.5-9.0) 


Diabetes                11/31       82/226      1.0(0.4-2.1) 


Smoking                 35/120      56/126      0.5(0.3-0.9) 


History of 


 coumadian treatment                50/152 


Coumadin in hospital     3/13       33/97       0.6(0.2-2.3) 


Aspirin in hospital     29/118      26/48       0.3(0.1-0.6) 
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Heparin in hospital     50/144      18/49       0.9(0.5-1.8) 


 


                          Streptokinase-treated patients 


                        ICH +        ICH -      Odd ratio 


                                                (95% CI) 


 


Age > 65 yr             25/75       25/96       1.4(0.7-2.8) 


Weight < 70 kg          25/71       25/100      1.6(0.8-3.2) 


Female                  12/44       38/127      0.8(0.4-1.9) 


Previous                19/57       29/108      1.4(0.7-2.7) 


 hypertension 


Hypertension            18/48       31/123      1.9(1.0-3.9) 


 in hospital 


Vascular disease         1/3        15/48       1.1(0.1-13.1) 


Diabetes                 7/20       42/148      1.4(0.5-3.6) 


Smoking                 20/83       29/84       0.6(0.3-1.2) 


History of 


 coumadian treatment     3/6        17/55       2.2(0.4-12.2) 


Coumadin in hospital     2/17       16/42       0.2(0.0-1.1) 


Aspirin in hospital     15/47       11/23       0.5(0.2-1.4) 


Heparin in hospital     16/49       19/66       1.2(0.5-2.7) 


 


ICH+ = the number of intracranial heamorrhages with a 


characteristic and ICHI- = the number in patients without that 


characteristic. 


Table 3: Incidence if in tracranial heamorrhage and adjusted odds ratios in 249 patients 


with complete data 


                       ICH +        ICH -        Adjusted odds 


                                                 ratio (95% CI) 


Age > 65 yr            77/168       66/261       2.2 (1.4-3.5) 


Weight < 70 kg         76/170       67/259       2.1 (1.3-3.2) 


Hypertension on 


 admiission            46/100       97/325       2.0 (1.2-3.2) 


Alteplase              93/258       50/171       1.6 (1.0-2.5) 


Table 4. Probability of intracranial heamorrhage after a trombolytic as used in these 


studies 


Risk        Incidence   Likehood  Probability of inctracranial 


factor[*]   (%)[A]      ratio[B]  bleeding (95% CI) in % 


 


                                Incidence=0.50    Incidence=0.75 
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0           53        0.34      0.17(0.10-0.27)   0.26(0.15-0.41) 


1           31        1.28      0.64(0.47-0.88)   0.96(0.70-1.32) 


2           15        1.77      0.88(0.60-1.28)   0.92(0.92-1.91) 


3            1        2.89      1.43(0.61-3.31)   2.17(0.92-4.83) 


 


[*] Risk factors: age >/=65 years, body weight <70 kg, 


hypertension on admission, and the use of an alteplase 


regimen. 


[A] Derive from the studies by European Cooperative Study 


Group. 


(n16, n17) 


[B] Probability of finding the risk profile among patients 


with 


intracranial bleeding divided by probability of finding the 


same 


risk of profile among patients without intracranial bleeding. 


Probability of intracranial bleeding was calculated from 


overall 


incidence and likehood ratio with Bayes' rule. 


Table 5: Assessment of risk of intracranial heamorrhage in different age groups 


                        Age (yr) 


                        <65      66-75      76-85     >85 


 


Other risk factors[*] 


 


0                        0.3      1.0         1.5      2.3 


1                        1.0      1.3         2.0      2.9 


2                        1.3      2.2         3.3      5.0 


 


Base on data in table 4, with followwings: overall incidence 


of 


intracranial hemorrhage = 0.75%; risk  at rate 76-85 is 50% 


greater than at age 66-75; risk in patient >85 yyears is again 


50% greater than at 75-85. 


[*] Hypertension on admission, loww body weight, and used 


alteplase. 


GRAPH: Figure: Probability of Intracranial haemorrhage In patients with 0,1, or 3 risk factors 


Vertical bars= 95% Cl. 
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lly, to ensure complete transparency, authors’ comprehen-
ive disclosure information—including RWI not pertinent
o this document—is available online. Disclosure informa-
ion for the ACCF Task Force on CECD is also available
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riting committee members volunteered their time to this


ffort. Conference calls of the writing committee were
onfidential and attended only by committee members.


. Introduction


he potential benefits of antiplatelet therapy for atheroscle-
otic cardiovascular (CV) disease have been amply demon-
trated over the past 2 decades, especially with regard to the
ole of thienopyridine drugs in preventing stent thrombosis.


owever, antiplatelet agents increase the risk of bleeding
ssociated with mucosal breaks in the upper and lower
astrointestinal (GI) tract. Rational use of thienopyridines is
ased on weighing their risks against their benefits. The
agnitude of the risks may vary among patients, based on


heir history and clinical characteristics, as may the magni-
ude of the benefits.


An earlier Expert Consensus Document, “Reducing the
I Risks of Antiplatelet and NSAID Use,” recommended


he use of a proton pump inhibitor (PPI) in patients with
isk factors for upper GI bleeding treated with dual anti-
latelet therapy (1). Since its publication, evidence of a
otential adverse drug interaction between PPIs and thien-
pyridines has emerged (2). Many recent investigations of
his potential adverse interaction have been performed,
sing a variety of research designs. It has been difficult for
ractitioners to assimilate this flood of information and to
evelop optimal treatment strategies for managing patients
ho might benefit from antiplatelet therapy, yet who might

uffer from GI bleeding. The purpose of this document is to
 by Becontent.onlinejacc.orgDownloaded from 

eview critically the recent developments in this area, pro-
ide provisional guidance for clinical management, and
ighlight areas of future research necessary to address
urrent knowledge gaps.


.1. Summary of Findings and
onsensus Recommendations


1. Clopidogrel reduces major CV events compared with
placebo or aspirin.


2. Dual antiplatelet therapy with clopidogrel and aspirin,
compared with aspirin alone, reduces major CV events
in patients with established ischemic heart disease, and
it reduces coronary stent thrombosis but is not routinely
recommended for patients with prior ischemic stroke
because of the risk of bleeding.


3. Clopidogrel alone, aspirin alone, and their combination
are all associated with increased risk of GI bleeding.


4. Patients with prior GI bleeding are at highest risk for
recurrent bleeding on antiplatelet therapy. Other clin-
ical characteristics that increase the risk of GI bleeding
include advanced age; concurrent use of anticoagulants,
steroids, or nonsteroidal anti-inflammatory drugs
(NSAIDs) including aspirin; and Helicobacter pylori
infection. The risk of GI bleeding increases as the
number of risk factors increases.


5. Use of a PPI or histamine H2 receptor antagonist
(H2RA) reduces the risk of upper GI bleeding com-
pared with no therapy. PPIs reduce upper GI bleeding
to a greater degree than do H2RAs.


6. PPIs are recommended to reduce GI bleeding among
patients with a history of upper GI bleeding. PPIs are
appropriate in patients with multiple risk factors for GI
bleeding who require antiplatelet therapy.


7. Routine use of either a PPI or an H2RA is not
recommended for patients at lower risk of upper GI
bleeding, who have much less potential to benefit from
prophylactic therapy.


8. Clinical decisions regarding concomitant use of PPIs
and thienopyridines must balance overall risks and
benefits, considering both CV and GI complications.


9. Pharmacokinetic and pharmacodynamic studies, using
platelet assays as surrogate endpoints, suggest that
concomitant use of clopidogrel and a PPI reduces the
antiplatelet effects of clopidogrel. The strongest evi-
dence for an interaction is between omeprazole and
clopidogrel. It is not established that changes in these
surrogate endpoints translate into clinically meaningful
differences.


0. Observational studies and a single randomized clinical
trial (RCT) have shown inconsistent effects on CV
outcomes of concomitant use of thienopyridines and
PPIs. A clinically important interaction cannot be
excluded, particularly in certain subgroups, such as poor


metabolizers of clopidogrel.


njamin Steinberg on November 25, 2010 
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1. The role of either pharmacogenomic testing or platelet
function testing in managing therapy with thienopyri-
dines and PPIs has not yet been established.


. Role of Thienopyridines in CV Disease


hienopyridine therapy has been evaluated as an alternative
o or in addition to aspirin treatment (“dual antiplatelet
herapy”) to reduce CV events. The absolute risk reduction
rom thienopyridines is greater in patients at higher CV
isk, particularly those with acute coronary syndromes
ACS) or patients who have had a coronary stent implanted.


In patients with ACS without ST-segment elevation,
ual antiplatelet therapy with clopidogrel plus aspirin re-
uced the risk of cardiac death, myocardial infarction (MI),
r stroke from 11.4% to 9.3%, compared with aspirin alone,
rrespective of whether patients were revascularized or
reated medically (3) but increased major bleeding from
.7% to 3.7%. In patients with ST-segment elevation MI
reated with fibrinolytics, the addition of clopidogrel to
spirin reduced major CV events over 30 days from 10.9%
o 9.1% but increased major bleeding from 1.7% to 1.9%
4,5).


Dual antiplatelet therapy with aspirin and clopidogrel
educes stent thrombosis following percutaneous coronary
ntervention (PCI) (6). Patients who are implanted with a
are-metal stent are recommended to receive at least 1
onth of clopidogrel, and patients receiving a drug-eluting


tent are recommended to receive dual therapy for at least 12
onths. In patients with atrial fibrillation who are unable to


ake vitamin-K antagonists, adding clopidogrel to aspirin
educed the rate of major vascular events (7.6% to 6.8%) and
troke (3.3% to 2.4%) compared with aspirin alone but with
greater risk of bleeding—2.0% per year (7).
In patients with established atherosclerotic CV disease,


lopidogrel alone reduced (5.8% to 5.3%) the combined risk
f major CV events, ischemic stroke, MI, and vascular death
ompared with aspirin alone (8) and led to less GI bleeding
2.7% to 2.0%). Clopidogrel is recommended as an alterna-
ive agent for patients with CV disease unable to take
spirin (9–12).


In the primary prevention setting, dual antiplatelet ther-
py with clopidogrel plus aspirin did not significantly reduce
ajor CV events compared with aspirin alone (6.8% versus


.3%) but increased severe bleeding (1.3% to 1.7%) (13).
atients with recent ischemic stroke or transient ischemic
ttack treated with clopidogrel plus aspirin had an insignif-
cant reduction in major CV events (16.7% to 15.7%)
ompared with aspirin alone and experienced more life-
hreatening hemorrhages (1.3% to 2.6%) (14).


Prasugrel is a new thienopyridine derivative with a rapid
nset and consistent inhibition of platelet aggregation. In
atients with ACS and planned PCI, prasugrel reduced


ajor CV events from 12.1% to 9.9% compared with n


 by Becontent.onlinejacc.orgDownloaded from 

lopidogrel but increased major bleeding from 1.8% to 2.4%
nd fatal bleeding from 0.1% to 0.4% (15).


Ticagrelor, a novel, reversible, direct-acting P2Y12 recep-
or blocker (not yet approved for use in the United States)
educed the primary endpoint of vascular death, MI, or
troke from 11.7% to 9.8% compared with clopidogrel, with
o significant difference in major bleeding (11.6% versus
1.2%) but with an increased risk of noncoronary artery
ypass graft major bleeding (3.8% to 4.5%) (16).
For patients with ischemic stroke or transient ischemic


ttack, antiplatelet therapy with aspirin, clopidogrel, or the
ombination of dipyridamole and aspirin is recommended
o prevent recurrent stroke, but the combination of clopi-
ogrel and aspirin is not recommended (17), and prasugrel
s contraindicated (15).


. Risk of GI Bleeding and Related Mortality
ssociated With Clopidogrel Alone
r in Combination


I bleeding among patients receiving antiplatelet therapy
an develop from many different lesions and anatomic sites.
pper GI bleeding may be due to esophagitis (18) or peptic
lcer disease related to H. pylori infection, or aspirin or other
SAIDs (19). These mucosal breaks are aggravated by the


ntiplatelet effects of thienopyridines, promoting bleeding.
leeding from other GI sites is also exacerbated by anti-
latelet therapy (20–27).
Several risk factors for GI bleeding in the setting of


ntiplatelet therapy have been reported consistently. A
istory of bleeding or other complications of peptic ulcer
isease is the strongest risk factor for subsequent upper GI
leeding (28). Advanced age also significantly increases the
bsolute risk of upper GI bleeding. Use of anticoagulants,
teroids, or NSAIDs has also been shown to be consistent
redictors for GI bleeding, as has H. pylori infection
29–35). The relative risk (RR) of GI bleeding increases
ith the number of adverse risk factors present in an


ndividual patient (36).
The risk of GI bleeding associated with thienopyridines


as been assessed in several case-control studies (Online
able 1) and in RCTs with prospectively assessed GI
leeding safety endpoints (Online Table 2). In head-to-
ead randomized trials of aspirin and clopidogrel, the risk of
I bleeding was higher in patients treated with aspirin


Online Table 2), although the absolute risk difference was
mall.


Dual antiplatelet therapy with clopidogrel and aspirin
ncreased the risk of GI bleeding by 2- to 3-fold compared
ith aspirin alone in randomized trials (Online Table 2),
ut the absolute risk increase was in the range of 0.6% to
.0%. Two RCTs (3,7) provide specific data on GI bleeding
isk associated with dual antiplatelet therapy, demonstrating
n RR of 1.78 (95% confidence interval [CI]: 1.25 to 2.54;


umber needed to harm [NNH] of 130) and 1.96 (95% CI:


njamin Steinberg on November 25, 2010 
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.46 to 2.63; NNH of 167). There are fewer data on the risk
f GI bleeding in routine practice among patients who are
ess selected and not as closely monitored as patients in
linical trials. In a cohort of Tennessee Medicaid patients
reated with clopidogrel, the rate of upper GI bleeding was
.2% per year (36).
There are few data on the mortality attributable to GI


leeding in patients on clopidogrel alone or on dual anti-
latelet therapy. In studies of varying duration and design,
he case fatality rates for GI bleeding associated with dual
ntiplatelet therapy have been low (0% to 0.3%) (3,29–31).
evertheless, the RR for death from a GI bleed has been


stimated at 2.5 (37), and GI bleeding appears to be a
ignificant predictor of death, even after adjustment for CV
orbidity, age, sex, diabetes, PCI status, and concomitant


herapy (37,38).


. Strategies to Prevent
hienopyridine-Related Upper GI Bleeding


hienopyridines do not cause ulcers or erosions of the
igestive tract (39), but their antiplatelet effects may pro-
ote bleeding at the site of preexisting lesions caused by the


se of aspirin or NSAIDs, or infection with H. pylori (40).
pper GI bleeding in the setting of thienopyridine use may
e reduced by suppressing gastric acid production, thereby
romoting healing of peptic ulcers and mucosal erosions, as
ell as by stabilizing thrombi (41). Acid production can be


uppressed either by H2RAs or by PPIs; the efficacy of each
as been examined to prevent GI bleeding related to
ntiplatelet use.


.1. Histamine H2 Receptor Antagonists


he use of H2RAs can suppress gastric acid production by
7% to 68% over 24 hours (42,43), and standard doses have
modest protective effect in patients taking aspirin. In a


andomized trial of 404 patients with peptic ulcers or
sophagitis who were taking aspirin, fewer gastroduodenal
lcers developed over 12 weeks among patients assigned to
amotidine (3.8%) than to placebo (23.5%; p�0.0002) (18).
n another study, however, H2RAs did not significantly
rotect clopidogrel users (RR: 0.83; 95% CI: 0.20 to 3.51)
44). No randomized trials have directly compared PPIs
ith H2RAs in patients with CV disease on antiplatelet


herapy. However, observational data suggest PPIs may be
ore effective than H2RAs in preventing upper GI bleed-


ng. In a cohort of 987 patients who were prescribed aspirin
nd clopidogrel, PPI use led to a greater reduction in upper
I bleeding (odds ratio [OR]: 0.04; 95% CI: 0.002 to 0.21)


han H2RA use (OR: 0.43; 95% CI: 0.18 to 0.91) (30).


.2. Proton Pump Inhibitors


PIs reduce gastric acid secretion for up to 36 hours (45).
bservational data suggest that PPIs reduce the risk of GI

leeding in patients on antiplatelet therapy. In 1 cohort t
 by Becontent.onlinejacc.orgDownloaded from 

tudy, the baseline clopidogrel-related gastroduodenal
leeding risk of 1.2% per year was reduced by 50% in
atients prescribed a PPI (36). In this same study, PPI use
educed the absolute risk of GI bleeding by 2.8% per year
mong patients with �3 risk factors for GI bleeding. In a
arge case-control study comparing 2,779 patients with
ndoscopically confirmed upper GI hemorrhage with 5,532
ontrols, concomitant use of a PPI and a thienopyridine was
ssociated with less upper GI bleeding (RR: 0.19; 95% CI:
.07 to 0.49) than thienopyridine use alone (44). Smaller
ohort studies confirm similar risk reduction with concur-
ent PPI prescription (31). In the results of a recent
andomized trial (46), patients with CV disease taking
nteric-coated aspirin who were randomized to receive
lopidogrel plus omeprazole had fewer GI events (i.e., a
omposite outcome of overt or occult bleeding, symptomatic
astroduodenal ulcer or erosion) than patients randomized
o receive clopidogrel alone (hazard ratio [HR]: 0.34; 95%
I: 0.18 to 0.63).


. Drug Metabolism: Thienopyridine,
2RA, and PPI


.1. Thienopyridine Metabolism


lopidogrel is a pro-drug converted in vivo to an active
etabolite that irreversibly binds to the platelet adenosine


iphosphate (ADP) P2Y12 receptor, thereby inhibiting
latelet aggregation. The bioavailability of the active me-
abolite is determined by intestinal absorption, which may
e influenced by an ABCB1 polymorphism, and by metab-
lism through the cytochrome P-450 pathway (47). Clopi-
ogrel is activated in a 2-step process (Figure 1A) mediated
y oxidative biotransformation in the liver, in which
YP2C19 and CYP3A have particularly important roles


Figure 1A) (48,49). The parent compound clopidogrel, and
o a lesser extent 2-oxo-clopidogrel, are both substrates and
nhibitors of CYP1A2, CYP2B6, and CYP2C19 (50).
lopidogrel and 2-oxo-clopidogrel are extensively hydro-


yzed to inactive metabolites, potentially magnifying the
ffects of CYP2C19 inhibitors and polymorphisms (51).
owever, redundant pathways (Figure 1A) for activation of


lopidogrel may mitigate the effect of inhibitors and reduced
unction polymorphisms of CYP450 isoenzymes in vitro
49,52).


Prasugrel is also a pro-drug that requires biotransforma-
ion to active metabolites by cytochrome P-450 enzymes,
ncluding CYP3A isoforms, CYP2B6, CYP2C9, and
YP2C19 (Figure 1A). Prasugrel is hydrolyzed to a thiolac-


one derivative in the intestine and then oxidized to its active
etabolite in both the intestine and the liver (Figure 1A)


51,53). Reduced-function CYP2C19 alleles are not be-
ieved to have a clinically meaningful effect in prasugrel-


reated patients (54).
njamin Steinberg on November 25, 2010 



http://content.onlinejacc.org





z
i
l
a
a
o
b
i


l
t
m
w


5


T
t
a


i
c
8
a
p
3
b
o
h
P
b
l


5


A
z
p
t


F


( YP, cy


6 Abraham et al. JACC Vol. 56, No. 24, 2010
Concomitant Use of PPI and Thienopyridines ECD December 7, 2010:000–0


ARTICLE IN PRESS

Ticagrelor (AZD6140) is an orally active cyclopentyltria-
olopyrimidine adenosine triphosphate analog that revers-
bly inhibits P2Y12 platelet receptors (Figure 1B). Ticagre-
or, which is not yet approved in the United States, is an
ctive compound and is metabolized by CYP3A4 to an
ctive metabolite (55,56). Ticagrelor and its active metab-
lite are both metabolized and glucuronidated in the liver
efore elimination in the urine. Genetic variations in CYP
soenzymes do not appear to affect metabolism of ticagrelor.


Other frequently used CV medications are also metabo-
ized by the CYP450 system (51,52) and may interact with
hienopyridine metabolism. Of note are statins, which are
etabolized by the CYP450 system (51,52), and aspirin,
hich induces CYP2C19 (57).


.2. H2RA Metabolism


he H2RAs currently available in the United States (cime-
idine, ranitidine, famotidine, and nizatidine) vary in their


igure 1. Thienopyridine Metabolism


A) Clopidogrel and prasugrel; (B) ticagrelor. ATP indicates adenosine triphosphate; C

bility to inhibit gastric acid secretion. Hepatic metabolism P
 by Becontent.onlinejacc.orgDownloaded from 

s the dominant elimination pathway for orally administered
imetidine (60%), ranitidine (73%), and famotidine (50% to
0%) but not nizatidine (22%) (58). Cimetidine may inter-
ct with drugs metabolized via the cytochrome P-450
athway, as it inhibits CYP1A2, 2C9, 2C19, 2D6, 2E1, and
A4 (59–61). Although cimetidine might decrease the
iotransformation of clopidogrel by competitive inhibition
f CYP2C19, there have been no controlled studies of this
ypothesis. Ranitidine interacts weakly with cytochrome
-450 (58,62,63), and famotidine and nizatidine do not
ind to the cytochrome P-450 system and, therefore, have
ow potential to interact with clopidogrel (58,62).


.3. PPI Metabolism


ll PPIs used in the United States (omeprazole, esomepra-
ole, pantoprazole, rabeprazole, lansoprazole, and dexlanso-
razole) are weak bases converted to their active forms in
he acidic environment of active gastric parietal cells (64).


tochrome P-450; and hCE1 and 2, human carboxylesterases 1 and 2.

PIs are metabolized by the hepatic cytochrome P-450
njamin Steinberg on November 25, 2010 
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ystem, predominantly CYP2C19, and, to a lesser extent,
YP3A4 (65). The studies assessing the degree to which
ifferent PPIs interact with CYP2C19 have yielded incon-
istent results, so no definitive conclusions can be drawn
omparing the pharmacokinetics and potential for drug
nteraction of the various PPIs with clopidogrel and
rasugrel.


. Hypotheses Regarding the
PI-Antiplatelet Interaction


.1. Reduced Biological Action of Clopidogrel
hrough Competitive Metabolic Effects of CYP2C19


oncomitant use of PPIs may competitively inhibit activa-
ion of clopidogrel by CYP2C19, thereby attenuating its
ntiplatelet effect. Coadministration of other CYP2C19-
nhibiting drugs may further reduce the efficacy of clopi-
ogrel and inhibition of platelet aggregation (66). The
eported interaction of clopidogrel and PPIs is consistent
ith a set of clinical pharmacokinetic findings referred to as
igh-risk pharmacokinetics (66). The risk of drug inefficacy


s greater when drug concentrations depend on variable
ctivity of a single metabolic pathway.


.2. Reduced Biological Action of Clopidogrel
elated to Genetic Polymorphisms


he potential for impaired antiplatelet activity is supported
y data on the effect of natural variations in CYP2C19
ctivity, based on genetic polymorphisms. The CYP2C19*2,
YP2C19*3, and CYP2C19*4 alleles decrease active metab-
lite production compared with the most common CYP2C19
enotype. Individuals who are heterozygous for loss-of-
unction alleles are “intermediate metabolizers,” and those who
re homozygous are “poor metabolizers.” CYP2C19 polymor-
hisms have been associated with reduced platelet inhibition
nd an increased rate of recurrent CV events (53,67,68).
educed platelet inhibition may be overcome with higher


lopidogrel doses (69), but any increased CV efficacy from
igher-dose treatment must be weighed against an increased
isk of GI bleeding (70).


The best characterized and most common loss-of-
unction polymorphism is the CYP2C19*2 allele (53),
hich is carried by 51% to 55% of Asians, 33% to 40% of
frican Americans, 24% to 30% of Caucasians, and 18% of
exican Americans (53,71–75). The antiplatelet effect of


lopidogrel varies directly with the number of loss-of-
unction alleles; 2 copies are associated with a 65% reduction
n clopidogrel antiplatelet efficacy and 1 copy with a 47%
eduction (71–75). The genetic variation in CYP2C19 is
ssociated with up to a 50% greater risk of adverse clinical
utcomes, including CV death, MI, or stroke, and a 3-fold
ncreased risk of stent thrombosis in patients receiving
lopidogrel (53,72). However, the CYP2C19*2 variant ap-


ears to account for only 12% of variation in platelet s


 by Becontent.onlinejacc.orgDownloaded from 

ggregability in response to ADP; and other factors, such as
iabetes, obesity, and acute ischemia (76), likely contribute
uch more to variability in platelet response (72,73,77).


. Evidence-Based Review:
PI and Clopidogrel/Thienopyridine
harmacokinetic and Pharmacodynamic Effect


latelet function tests serve as surrogate markers for the
linical effectiveness of antiplatelet drugs. The standard
latelet function test is aggregometry, which measures
DP-stimulated platelet aggregation in whole blood or
latelet-rich plasma. A more recent test quantifies phos-
horylation of vasodilator-stimulated phosphoprotein
VASP) in whole blood and appears to be a more specific
easure of clopidogrel-mediated inhibition of platelet ag-


regation. The newest test, the Verify Now P2Y12 assay, is
imilar to VASP. It has not been established that changes in
hese surrogate endpoints translate into clinically meaning-
ul differences.


Among 162 healthy subjects, carriers of at least 1
educed-function CYP2C19 allele had significantly less
nhibition of platelet aggregation on standard aggregometry
n response to clopidogrel than did noncarriers (53). The
ltrarapid metabolizer genotypes had the greatest platelet
nhibition from clopidogrel, and the poor metabolizer ge-
otypes had the least platelet inhibition.
The influence of omeprazole on the antiplatelet effects of


lopidogrel was assessed in a double-blind trial (78) of 124
atients after coronary stenting treated with aspirin and
lopidogrel. Patients randomized to omeprazole for 7 days
ad significantly less platelet inhibition, as measured by the
ASP method, than patients randomized to placebo. In


nother study of 104 patients given a higher maintenance
ose of 150 mg clopidogrel after coronary stenting (79),
atients randomized to omeprazole had significantly less
latelet inhibition on the VASP assay than patients ran-
omized to pantoprazole, with 44% clopidogrel nonre-
ponders in the omeprazole group compared with 23% in
he pantoprazole group (p�0.04). In the PRINCIPLE–
IMI 44 (Prasugrel in Comparison to Clopidogrel for


nhibition of Platelet Activation and Aggregation–
hrombolysis In Myocardial Infarction 44) trial, patients
ndergoing PCI taking a PPI had significantly less platelet
nhibition with clopidogrel than those not on a PPI,
hereas patients taking prasugrel as well as a PPI had a


rend toward reduced-platelet inhibition (80).
In randomized trials that used ex vivo platelet assays as


urrogate clinical endpoints, patients treated with omepra-
ole demonstrated impaired clopidogrel response (78,79),
ven when a high antiplatelet dose was used. Studies of
ther PPIs have not demonstrated this effect (79,81), but
hese studies were conducted in different populations using
ifferent study designs. Few direct head-to-head compari-


on studies have been reported. The ongoing SPICE
njamin Steinberg on November 25, 2010 
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Evaluation of the Influence of Statins and Proton Pump
nhibitors on Clopidogrel Antiplatelet Effects) trial
NCT00930670) will directly compare the effects of com-
only prescribed PPIs (i.e., omeprazole, pantoprazole, es-


meprazole) and a H2RA (ranitidine) on ex vivo platelet
ggregation among 320 post-PCI patients who require dual
ntiplatelet therapy. Secondary outcomes include assess-
ent of clopidogrel resistance, prevalence of CYP2C19*2


olymorphism and its effect on PPI and antiplatelet activity,
ll-cause mortality, MI, revascularization, stroke, and GI
leeding at 1 year (82).


. PPI and Clopidogrel/Prasugrel
linical Efficacy


.1. Do PPIs Decrease Clinical Efficacy of
lopidogrel or Prasugrel?


bservational studies of different populations, sizes, and
egree of methodologic rigor have examined whether pa-
ients prescribed a PPI plus clopidogrel have an increased
isk of CV events compared with patients prescribed clopi-
ogrel alone (Online Table 3). The results are mixed: several
tudies have shown small but significant associations be-
ween PPI use and CV events, but others show no
ignificant association. The magnitude of the treatment
ffect in positive studies has been modest, with risk ratios
2.0. Whether differences in study results are because of


ifferences in confounding factors between study groups
annot be determined. In observational studies, PPIs may
e selectively prescribed to higher-risk patients, poten-
ially biasing the estimated CV risk (36). Small, yet
ignificant, differences in common, clinically important
vents would, however, represent an important public
ealth issue.
The effect of PPIs on clinical efficacy has been evaluated


etrospectively in nonrandomized cohorts within random-
zed trials. In a study of 13,608 patients randomized to
ither clopidogrel or prasugrel after PCI, use of PPI did not
ffect the outcome of a composite of CV death, MI, or
troke, either among clopidogrel-assigned patients (adjusted
R: 0.94; 95% CI: 0.80 to 1.11) or among the prasugrel-


ssigned patients (HR: 1.00; 95% CI: 0.84 to 1.20) (80). In
his study, there was no difference among the PPIs used,
ncluding omeprazole (n�1,675), lansoprazole (n�441),
someprazole (n�613), and pantoprazole (n�1,844). The
esults were similar among those with a reduced-function
YP2C19 allele. In the CREDO (Clopidogrel for Reduc-


ion of Events During Observation) trial, PPI use was
ssociated with an increased rate of CV events whether or
ot the patient was treated with clopidogrel (83). The
vidence from these studies and observational comparisons
s inconclusive regarding the clinical effects of concomitant


se of a PPI and a thienopyridine. l
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.2. Randomized Clinical Trials


nly 1 RCT has examined the potential interaction be-
ween clopidogrel and PPIs with CV events as the outcome.
n a double-blind, placebo-controlled trial (46), 3,761
atients with either ACS or PCI were randomized to a
xed-dose combination of clopidogrel and omeprazole
75/20 mg) or clopidogrel alone. All patients received
spirin. The data from this trial revealed no significant
ifference in a composite CV endpoint (MI, stroke, coro-
ary artery bypass graft, PCI, CV death) for patients on the
xed-dose combination compared with clopidogrel alone
HR: 0.99; 95% CI: 0.68 to 1.44), but fewer GI adverse
vents (HR: 0.34; 95% CI: 0.18 to 0.63). However, the
tudy was halted short of its planned enrollment and
uration; and the number of CV events was low (55 versus
4 CV events). Consequently, the confidence limits for CV
vents are broad and do not exclude a clinically important
ncrease in risk of up to 44%.


.3. Does the Choice of PPI Matter?


harmacokinetic studies in vitro have suggested that all
PIs inhibit CYP2C19 to varying degrees, but the relative
agnitude of inhibition varies by specific PPI and labora-


ory assay used. Pharmacodynamic studies using ADP-
timulated platelet aggregation in patients treated with
lopidogrel suggest a variable inhibitory effect of different
PIs (80,84,85), but few head-to-head comparison studies
ave been performed.
In the combined analysis of 2 trials of clopidogrel and


rasugrel, the rate of CV death, MI, or stroke was similar
or all PPIs and no different than the rate in patients not
aking a PPI (80). A nested case-control study of patients
eceiving clopidogrel after MI suggested pantoprazole may
ncrease the risk of rehospitalization for MI or PCI com-
ared with other PPIs (86). However, a retrospective cohort
tudy of 20,596 patients showed no effect of any PPI on the
requency of CV events among patients taking clopidogrel,
ith similar HRs for esomeprazole, lansoprazole, omepra-
ole, pantoprazole, and rabeprazole (36). Other observa-
ional studies of patients taking clopidogrel have suggested
hat the risk of CV events is similar for all PPIs (45,87,88).


Thus, although pharmacokinetic and pharmacodynamic
ata suggest varying inhibition by different PPIs of the
nzyme systems necessary to convert clopidogrel to its active
orm, there is no good evidence that these differences on
urrogate markers translate into meaningful differences in
linical outcomes. No prospective trials directly compare the
linical events of different PPIs in patients treated with
lopidogrel.


.3.1. Timing of Dosing to Minimize Interactions


ecause the plasma half-lives of both clopidogrel and all
vailable PPIs are less than 2 hours, interactions between
hese drugs might be minimized by separating the timing of
rug administration, even among poor CYP2C19 metabo-

izers (45). In a crossover study examining 72 healthy
njamin Steinberg on November 25, 2010 
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ubjects who were administered standard-dose clopidogrel
300 mg followed by 75 mg daily) and a supratherapeutic
ose of omeprazole (80 mg daily), mean inhibition of
latelet aggregation was greater when the drugs were given
2 hours apart (89). Further studies will be required to
valuate this hypothesis, using appropriate drug doses and
eaningful clinical endpoints. Until data from such studies


re available, there is no solid evidence to recommend that
he dosing of PPIs be altered.


. Conclusions


.1. The Assessment of Epidemiologic Evidence
upporting a Significant Clinical Interaction
etween PPIs and Thienopyridines


hen assessing a possible causal link between an exposure
nd an outcome, it is recommended to consider: 1) the
trength of the association, 2) consistency of the association
cross different samples, 3) existence of a biologically plau-
ible mechanism of action, and 4) supportive experimental
vidence (90). In applying these principles to the concom-
tant use of PPIs and thienopyridines, we draw the follow-
ng conclusions:


. The magnitude of association in positive observational
studies reviewed is small to moderate (HR or OR: �2),
but associations of this magnitude in nonrandomized
observational studies may be due to residual differences
in patient characteristics between study groups. Large,
well-controlled randomized trials are necessary to
assess the validity of small-to-moderate magnitude
associations. The only available randomized trial
showed no significant association of omeprazole with
CV events, but the confidence limits on this null
finding include the possibility of up to a 44% relative
increase in CV risk.


. A significant association between PPI use and increased
CV events has been inconsistently demonstrated in
observational studies, with the majority of studies show-
ing no association. In addition, available studies mark-
edly vary in methodologic rigor.


. Although clinical studies with CV events as endpoints
are not definitive, the proposed mechanism is biologi-
cally plausible, given that a) clopidogrel users with
reduced-function genetic polymorphisms in CYP2C19
metabolism have increased rates of CV events; and b) in
vitro testing suggests that PPIs may inhibit CYP2C19
metabolism.


. Experimental pharmacodynamic data consistently indi-
cate that omeprazole diminishes the effect of clopidogrel
on platelets. Other pharmacodynamic studies have failed
to demonstrate a significant effect of other PPIs on
clopidogrel. In the absence of large-scale, randomized,
experimental studies that directly compare PPIs with
different pharmacokinetic properties, the evidence re-


mains weak for diminished antiplatelet activity associ- P


 by Becontent.onlinejacc.orgDownloaded from 

ated with PPIs and thienopyridine coprescription. The
ongoing SPICE trial may provide additional answers and
address issues regarding the clinical relevance of such
interactions.


.2. Risk/Benefit Balance: GI Bleed Risk
ersus CV Event Risk


ll prescription drugs have favorable and unfavorable ef-
ects, and treatment decisions must be based on whether the
otential for benefit outweighs the potential for harm. The
V benefits of antiplatelet drugs are overwhelmingly doc-
mented for patients who have ACS and patients who
ndergo PCI. It is also well demonstrated that antiplate-
et drugs increase the risk of GI bleeding. The magnitude
f these benefits and risks in individual patients varies
epending on their characteristics (36). The challenge for
ealthcare providers is to determine the risk/benefit
alance for individual patients or subsets of the target
opulation.
PPIs are coprescribed with antiplatelet drugs for 1 rea-


on—to reduce the increased risk of GI complications
aused by antiplatelet drugs. The need for GI protection
ncreases with the number of risk factors for severe bleeding.
rior upper GI bleeding is the strongest and most consistent


isk factor for GI bleeding on antiplatelet therapy. Patients
ith ACS and prior upper GI bleeding are at substantial
V risk, so dual antiplatelet therapy with concomitant use
f a PPI may provide the optimal balance of risk and
enefit. Among stable patients undergoing coronary revas-
ularization, a history of GI bleeding should inform the
hoice of revascularization method; if a coronary stent is
elected to treat such patients, the risk/benefit tradeoff may
avor concomitant use of dual antiplatelet therapy and a
PI.
Advanced age; concomitant use of warfarin, steroids, or
SAIDs; or H. pylori infection all raise the risk of GI


leeding with antiplatelet therapy. The risk reduction with
PIs is substantial in patients with risk factors for GI
leeding and may outweigh any potential reduction in the
V efficacy of antiplatelet treatment because of a drug–drug


nteraction. Patients without these risk factors for GI
leeding receive little if any absolute risk reduction from a
PI, and the risk/benefit balance would seem to favor use of
ntiplatelet therapy without concomitant PPI. The reduc-
ion of GI symptoms by PPIs (i.e., treatment of dyspepsia)
ay also prevent patients from discontinuing their anti-


latelet treatment. The discontinuation of antiplatelet ther-
py in patients with GI bleeding may increase the risk of
V events (91).


.3. Are H2RAs a Reasonable Alternative
nd in Which Population?


2RAs are effective compared with placebo in decreasing
he risk of gastric and duodenal ulcers (92) caused by
SAIDs and antiplatelet therapy (18), but not as effective as


PIs (93,94). PPIs are also more effective than H2RAs for
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reventing ulcers in patients using high doses of NSAIDs
95) and are effective in decreasing GI bleeding in patients
rescribed aspirin or thienopyridines (36,96,97). Available
ata suggest PPIs are superior to H2RAs, but H2RAs may
e a reasonable alternative in patients at lower risk for GI
leeding, and in those who do not require PPI for refractory
astroesophageal reflux disease. Cimetidine can competi-
ively inhibit CYP2C19, so other H2RAs might be a better
hoice in patients treated with clopidogrel.


.4. Unanswered Questions and Areas for
uture Research


any gaps in knowledge exist regarding GI bleeding
mong patients prescribed thienopyridines. The pathophys-
ology of GI hemorrhage associated with thienopyridines is
ot fully understood and should be further elucidated.
etter data are needed on the incidence of GI bleeding
mong patients taking antiplatelet therapy, particularly in
elation to clinical factors that may alter the risk of bleeding.
he tradeoffs between bleeding risk and cardiovascular
enefits of antiplatelet therapy deserve further study. Clin-
cal trials of strategies to reduce the risk of GI bleeding
mong patients with CV disease on antiplatelet therapy,


articularly using the commonly prescribed PPIs and high- h
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ose H2RAs, would provide direct evidence on the com-
arative effectiveness of alternative management strategies.
There is considerable variation among patients in re-


ponse to antiplatelet therapy, so the potential role of
aboratory testing in individualization of therapy should be
high priority for research. Either pharmacogenomic test-


ng for CYP2C19 variants or platelet function testing might
e used to tailor therapy by guiding the choice of drug
thienopyridines, PPIs, H2RAs), the choice of drug dose, or
oth. Although the concept of individually tailored therapy
s rational and attractive, empirical evidence for this ap-
roach is sparse. Clinical studies and randomized trials
omparing guided therapy with usual care are needed, as are
rials comparing different approaches to guided therapy
e.g., pharmacogenomic profiling versus platelet function
esting). Studies that compare different management op-
ions for patients with specific test results would also be
seful: For example, what are the effects on clinical out-
omes of using a higher dose of clopidogrel among patients
ho are either “poor metabolizers” on a genetic test or who
ave relatively little platelet inhibition on a functional assay?
inally, we need to evaluate the effect on clinical outcomes
f dosing schedules that minimize simultaneous exposure to


igh levels of a PPI and a thienopyridine.
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Time Delay to Treatment and Mortality in Primary
Angioplasty for Acute Myocardial Infarction


Every Minute of Delay Counts


Giuseppe De Luca, MD; Harry Suryapranata, MD, PhD;
Jan Paul Ottervanger, MD, PhD; Elliott M. Antman, MD


Background—Although the relationship between mortality and time delay to treatment has been demonstrated in patients
with acute ST-segment elevation myocardial infarction (STEMI) treated by thrombolysis, the impact of time delay on
prognosis in patients undergoing primary angioplasty has yet to be clarified. The aim of this report was to address the
relationship between time to treatment and mortality as a continuous function and to estimate the risk of mortality for
each 30-minute delay.


Methods and Results—The study population consisted of 1791 patients with STEMI treated by primary angioplasty. The
relationship between ischemic time and 1-year mortality was assessed as a continuous function and plotted with a quadratic
regression model. The Cox proportional hazards regression model was used to calculate relative risks (for each 30 minutes
of delay), adjusted for baseline characteristics related to ischemic time. Variables related to time to treatment were age �70
years (P�0.0001), female gender (P�0.004), presence of diabetes mellitus (P�0.002), and previous revascularization
(P�0.035). Patients with successful reperfusion had a significantly shorter ischemic time (P�0.006). A total of 103 patients
(5.8%) had died at 1-year follow-up. After adjustment for age, gender, diabetes, and previous revascularization, each 30
minutes of delay was associated with a relative risk for 1-year mortality of 1.075 (95% CI 1.008 to 1.15; P�0.041).


Conclusions—These results suggest that every minute of delay in primary angioplasty for STEMI affects 1-year mortality,
even after adjustment for baseline characteristics. Therefore, all efforts should be made to shorten the total ischemic
time, not only for thrombolytic therapy but also for primary angioplasty. (Circulation. 2004;109:1223-1225.)


Key Words: myocardial infarction � prognosis � mortality � angioplasty


Although the relationship between mortality and time
delay to treatment has been demonstrated in patients


with acute ST-segment elevation myocardial infarction
(STEMI) treated by thrombolysis,1–3 the impact of time delay
on prognosis in patients undergoing primary angioplasty has
yet to be clarified.3–6 In a recent study,7 we have shown that
time from symptom onset to balloon inflation, but not
door-to-balloon time, is strongly related to 1-year mortality in
patients treated by primary angioplasty. The aim of this report
was to address the relationship between time to treatment and
mortality as a continuous function and to estimate the risk of
mortality for each 30-minute delay in treatment.


Methods
From 1994 to 2001, a total of 1791 patients with STEMI underwent
primary angioplasty.7 Informed consent was obtained from each
patient (or from their relatives in case of patient’s inability) before
the angiogram. All patients presenting within 6 hours from symptom
onset or between 6 and 24 hours if they had continuous symptoms
and signs of ischemia (persistent or recurrent chest pain and/or


persistent elevation or reelevation of ST segment) were included.7


All patients received aspirin (500 mg) and heparin (10 000 IU)
intravenously before the procedure. Therapy after stenting changed
during the study period. All patients were taking aspirin and were
treated with an additional 3 months of warfarin (before 1996) or 1
month of ticlopidine or clopidogrel (since January 1996). Time to
treatment was calculated from symptom onset to first balloon
inflation (true ischemic time).


Angiographic Data Analysis
All angiograms were analyzed by an independent core laboratory
(Diagram, Zwolle, The Netherlands) blinded to all data apart from
the coronary angiogram. TIMI (Thrombolysis In Myocardial Infarc-
tion) flow and myocardial blush grade were assessed after the
angioplasty procedure, as described previously.8 Residual stenosis
was assessed visually. Successful reperfusion was defined as post-
procedural TIMI 3 flow, residual stenosis �50%, and myocardial
blush grade 2 to 3.


Ejection Fraction
Left ventricular ejection fraction was measured by radionuclide
ventriculography at discharge, as described previously.8
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Clinical Outcome
Records of all patients who visited our outpatient clinic were
reviewed. For all other patients, information was obtained from the
patient’s general physician or by direct telephone interview with the
patient. For patients who died during follow-up, hospital records and
necropsy data were reviewed. No patient was lost to follow-up.


Statistical Analysis
Statistical analysis was performed with the SPSS 10.0 statistical
package. Continuous data were expressed as mean�SD and categor-
ical data as percentage. ANOVA and �2 test were used appropriately
for continuous and categorical variables, respectively. A logistic
regression analysis was used to evaluate the relationship between
time to treatment and predischarge ejection fraction, after adjustment
for baseline characteristics related to ischemic time. The relationship
between ischemic time and 1-year mortality was assessed as a
continuous function and plotted with a quadratic regression model.
Cox proportional hazards regression model was used to calculate
relative risks (for each 30-minute delay), adjusted for baseline
characteristics related to ischemic time.


Results
Time to treatment according to patients’ demographic, clini-
cal, and angiographic characteristics is reported in the Table.
Variables significantly related to time to treatment were age
�70 years (237�149 versus 208�139 minutes, P�0.0001),
female gender (233�137 versus 208�139 minutes,
P�0.004), diabetes (248�195 versus 211�135 minutes,
P�0.002), and previous revascularization (217�146 versus
190�68 minutes, P�0.035). When analyzed as a continuous
variable, age was linearly related to ischemic time (r�0.096,
P�0.0001). Ischemic time was inversely associated with
predischarge ejection fraction (r��0.068, P�0.022). After
adjustment for age (as a continuous variable), gender, diabe-
tes, and previous revascularization, each 30-minute delay was
associated with an OR of predischarge ejection fraction
�30% of 1.087 (95% CI 1.023 to 1.15; P�0.005). Patients


with successful reperfusion had a significantly shorter ische-
mic time (208�120 versus 229�188 minutes, P�0.006).


A total of 103 patients (5.8%) had died at 1-year follow-up.
The relationship between time to treatment and mortality is
depicted in the Figure. After adjustment for age (as a continuous
variable), gender, diabetes, and previous revascularization, each
30-minute delay was associated with a relative risk of 1-year
mortality of 1.075 (95% CI 1.008 to 1.15; P�0.041).


Discussion
The major finding of the present study is that every minute of
delay in treatment of patients with STEMI does affect 1-year
mortality, not only in thrombolytic therapy but also in
primary angioplasty. In fact, the risk of 1-year mortality is
increased by 7.5% for each 30-minute delay.


Despite the demonstrated prognostic role of time delay to
treatment in patients with STEMI treated by thrombolysis,1–3 its
role in patients treated with primary angioplasty remains con-
troversial.3–7 In a pooled analysis of all randomized trials that
compared thrombolysis and primary angioplasty, Zijlstra et al3


found that mortality linearly increased with time delay only in
patients treated by thrombolysis, whereas it was relatively stable
in patients treated by primary angioplasty. Cannon et al,4 in a
cohort of 27 080 patients undergoing primary angioplasty, found
that only door-to-balloon time and not symptom onset–to-
balloon time was associated with mortality. The absence of any
relationship between ischemic time and mortality in primary
angioplasty may be related to the potential low-risk profile of
patients enrolled in randomized trials.3 In fact, as reported by
Antoniucci et al,5 symptom onset–to-balloon time was associ-
ated with higher mortality, particularly in high-risk patients.
These data have been strongly supported by recent reports.6,7 A
major limitation of the study by Cannon et al4 is that very long
door-to-balloon time (�2 hours) was observed in up to 50% of
patients, which may affect the relationship between time delay
and mortality. This confounding mechanism does not play a
major role in single-center studies. In our previous report,7


symptom onset–to-balloon time (true ischemic time) and not
door-to-balloon time was a predictor of 1-year mortality.


A major explanation for our findings is that as demon-
strated in animal models,9–11 infarct size is significantly
affected by the duration of coronary occlusion. Therefore,


Patient Characteristics and Ischemic Time


Variable Yes No P


Age �70 y 237�149 208�139 �0.0001


Female gender 233�137 208�139 0.004


Diabetes 248�195 211�135 0.002


Previous CABG/PCI 217�146 190�68 0.035


Previous infarction 202�76 216�148 NS


Hypertension 203�70 218�156 NS


Hypercholesterolemia 205�121 217�146 NS


Smoking 212�124 217�155 NS


Killip class �1 214�123 214�144 NS


Anterior infarction 215�148 213�135 NS


TIMI flow 0–1 preprocedure 214�128 215�174 NS


Multivessel disease 213�112 215�169 NS


Successful reperfusion* 208�120 229�188 0.006


Stent 211�119 217�161 NS


EF �30%† 237�138 214�140 0.04


CABG indicates coronary artery bypass graft; PCI, percutaneous coronary
intervention; EF, ejection fraction at discharge.


*Defined as postprocedural TIMI 3 flow, residual restenosis �50%, and
myocardial blush grade 2 to 3.


†Ejection fraction at discharge was available in 1143 patients.


Relationship between time to treatment and 1-year mortality, as
continuous function, was assessed with quadratic regression
model. Dotted lines represent 95% CIs of predicted mortality.
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late reperfusion is expected to result in less myocardial
salvage and a higher mortality rate than found with early
reperfusion, even when optimal mechanical reperfusion is
applied. In support of these data, Stone et al12 found prepro-
cedural TIMI-3 flow to be an independent predictor of
mortality. Furthermore, a delay in reperfusion may be asso-
ciated with an older, organized intracoronary thrombus com-
pared with an early reperfusion. This may result in a higher
incidence of distal embolization with lower postprocedural
TIMI-3 flow and poor myocardial perfusion.8 In fact, we
found that patients with successful reperfusion (postproce-
dural TIMI-3 flow with residual stenosis �50% and optimal
myocardial perfusion [myocardial blush grade 2 to 3]) had a
significantly shorter ischemic time.


Because of the time dependence of thrombolytic therapy in
obtaining optimal restoration of epicardial flow, time delay to
treatment would be expected to increase the relative risk of
mortality more remarkably when thrombolysis is administered
than when mechanical reperfusion is used. Although primary
angioplasty, in comparison with thrombolysis, may guarantee a
higher rate of reperfusion in patients presenting late, it cannot
prevent myocardial necrosis, which is related to the duration of
occlusion, particularly in higher-risk patients.5–7


Conclusions
The results of this study strongly support the prognostic
implication of time delay in patients with STEMI undergoing
primary angioplasty. Therefore, all efforts should be made to
shorten total ischemic time, not only for thrombolytic therapy
but also for primary angioplasty.
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The Reduction of Infarct Size An Idea Whose
Time (For Testing) Has Come


EARLY IN THIS CENTURY, cardiovascular
physiologists began to direct their attention


to the study of the control of myocardial oxygen con-


sumption (MVO2). Evans and Matsuoka, in Starling's
laboratory in London,' and Rohde, in Heidelberg,2
called attention to the importance of intraventricular
pressure as a principal determinant of M'/O2.
Technical developments during subsequent decades
allowed a systematic reexamination of this problem in
the mid-1950s,3 resulting in more precise elucidation
of the role of intraventricular tension, myocardial fiber
shortening, contraction frequency, and external car-


diac work in regulating the heart's oxygen needs.
Later, the roles of myocardial contractility,4 the basal
oxygen needs of the noncontracting heart,5 the costs of
electrical depolarization of the myocardium,6 and the
effect of shortening against a load7 on MVO2 were


defined.8
While of considerable interest to physiologists, an


understanding of the determinants of MVO2 has con-


siderable clinical implications as well. After all,
myocardial ischemia, the principal consequence of
coronary arteriosclerosis, is characterized by an im-
balance between myocardial oxygen needs and
availability, which results in chest discomfort, as well
as in alterations in the electrical, mechanical, and
metabolic properties of the heart. Persistent, severe


ischemia, of course, results in myocardial necrosis.
Armed with an understanding of the determinants


of MVO2, it seemed like a logical step to determine
whether altering the relation between myocardial
energy supply and demand might actually influence
the severity and extent of ischemic injury, as well as


the extent of actual myocardial necrosis following cor-


onary occlusion.9' Utilizing a technique for epicar-
dial electrocardiography, combined with myocardial
enzyme (CPK) determinations,1' histologic,
histochemical, and electronmicroscopic'2 analysis of
cardiac muscle, it soon became clear that following
coronary occlusion, interventions which augment
Mv02 increase the extent and severity of ischemic in-
jury and ultimately the quantity of necrotic tissue." A
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corollary of this observation was that in the first few
hours following coronary occlusion, there is no clear
demarcation between normal myocardium and tissue
which has been irreversibly injured by ischemia.
Indeed, pathologic observations have shown that
ischemic tissue damage is spotty in the periphery of
the injured zone.'3 It now appears that for several
hours following coronary occlusion the fate of sub-
stantial quantities of myocardium is delicately poised;
relatively slight alterations in the balance between
energy supply and demand at this time can influence
the ultimate viability of large quantities of cardiac
muscle.


Initially, we manipulated the balance between
myocardial oxygen supply and demand by means of
positive inotropic agents and tachycardia, both of
which increased oxygen demands and, thereby, in-
creased the extent and severity of ischemic injury.'1 In
other studies mechanical means were used to alter this
balance. For example, raising aortic and thereby cor-
onary perfusion pressure augmented perfusion of the
border zone through collateral vessels despite in-
creasing myocardial oxygen needs; that the net
balance was affected favorably by raising aortic
pressure was not surprising when considered in the
light of the observation in the normal dog that when
aortic pressure is elevated, coronary blood flow rises
proportionately more than does M'O2, so that
myocardial oxygenation, as reflected in the coronary
venous oxygen tension, rises.'4


Since these initial investigations, work in our
laboratory, as well as in others, has broadened the
number and nature of interventions which can aug-
ment or reduce the quantity of infarcted tissue follow-
ing coronary occlusion9'-5 (table 1). Substances as
diverse as hyaluronidase,15 glucose-insulin-
potassium,'2 hypertonic mannitol,16 cobra venom fac-
tor, an inhibitor of the third component of com-
plement,17 and hydrocortisone18 have been shown to
exert beneficial effects. Two findings of great potential
clinical interest have emerged from these studies on
experimental animals: 1) the quantity of myocardium
which can be salvaged by these interventions is sub-
stantial, and 2) it is possible to commence the treat-
ment a number of hours following the occlusion and
still demonstrate effectiveness.
To date, there has been only a limited number of


clinical applications of these efforts designed to reduce
myocardial ischemic damage. Precordial maps have
suggested the effectiveness of beta-adrenergic
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blockade with propranolol'9 and practolol,20 of
hyaluronidase,2' of sublingual nitroglycerine,22 23 and
of intraaortic balloon counterpulsation24 in small


Table 1


Interventions That Modify Myocardial Injury Following
Coronary Occluson


I. Interventions That Reduce Myocardial Injury
A. By decreasing myocardial oxygen demand


1. propranolol*9 11, 19. 27-29


2. practolol*2O, 30
3. cardiac glycoside in the failing heart31 32


4. counterpulsation
a. intraaortic balloon*24 33' 34
b. external counterpulsation35


5. nitroglycerin*22. 23, 36-38
6. by decreasing afterload in hypertensive individ-


uals - Arfonad*26
7. by inhibition of lipolysis - beta-pyridyl-


carbinol39
B. By increasing myocardial oxygen supply


1. directly
a. coronary artery reperfusion40-44
b. elevating arterial p0245
c. thrombolytic agents*46


2. through collateral vessels
a. elevation of coronary perfusion pressure by


methoxamine, neosynephrine, or norepineph-
rine9' 11. 19, 36, 47


b. intraaortic balloon counterpulsation*24 33, 34


c. external counterpulsation35
3. by increasing plasma osmolality


a. mannitol'6' 48
b. hypertonic glucose12


C. By augmenting anaerobic metabolism (presumed)
1. glucose-insulin-potassium'2'
2. hypertonic glucose12


D. By enhancing transport to the ischemic zone of
substrate utilized in energy production (presumed)
- hyaluronidase*l15 21


E. By protecting against autolytic and heterolytic
processes (presumed)
1. hydrocortisonell' 50
2. cobra venom factor"7


II. Interventions That Increase Myocardial Injury
A. By increasing myocardial oxygen requirements


1. isoproterenol9' 10. 11, 19, 25, 27. 5


2. glucagonll, 61
3. ouabain1l
4. bretylium tosylatell
5. tachycardia", 47. 52


B. By decreasing myocardial oxygen supply
1. directly


a. hypoxemia53
b. anemia5


2. through collateral vessels - reducing coronary
perfusion pressure (hemorrhage)910 19 47


C. By decreasing substrate availability - hypogly-
cemia55


*denotes intervention which has received some clinical
application.
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numbers of patients. Serum CPK disappearance
curves, as developed by Shell and collaborators,25 have
indicated that lowering arterial pressure in hyperten-
sive patients with acute myocardial infarction may
also reduce infarct size.26 The aforementioned obser-
vations are preliminary, have been carried out on very
small numbers of patients thus far, and while they
constitute exciting pilot studies, they cannot and do
not claim to be formal, clinical trials based on which
the routine treatment of acute myocardial infarction
can be altered.
The problem of limiting infarct size in patients with


occlusive coronary artery disease is of the utmost im-
portance. Acute myocardial infarction constitutes the
most common cause of death in this country. In
patients with this condition who reach the hospital,
death due to arrhythmias has been brought under
control, but no real dent has been made on the mor-
tality due to pump failure or on the incidence of
postinfarction heart failure, both of which result from
reduction of the quantity of the viable contractile
mass. These very serious consequences of the
atherosclerotic process can obviously be avoided by
prevention of the development or actual reversal of
the fundamental atherosclerotic process itself. In the
very long term this approach is clearly the one of
choice, and research into the mechanism of develop-
ment of atherosclerosis must receive the highest
priority. Despite a number of interesting leads,
however, the elimination of atherosclerosis still seems
far away. Therefore, since millions of individuals now
have or are developing serious coronary athero-
sclerosis, it would appear prudent to pursue a multi-
pronged attack on the problem. We submit that one of
these prongs should be the limitation of the extent of
myocardial necrosis following coronary occlusion.
Abundant experimental evidence indicates that this


is now possible. Pilot studies support its clinical
feasibility, and a careful, rigorously conducted
prospective trial is likely to provide useful results and
would now be timely. If such a clinical trial
demonstrated success in reducing infarct size, it would
represent the extension of a chain whose earliest links
were represented by the investigations of Evans and
Matsuoka, and Rohde2 which, at the time they were
carried out, must have seemed of little, if any, clinical
relevance.


EUGENE BRAUNWALD, M. D.
PETER R. MAROKO, M.D.
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Bleeding in Patients Undergoing Percutaneous
Coronary Intervention


The Development of a Clinical Risk Algorithm From the National
Cardiovascular Data Registry


Sameer K. Mehta, MD; Andrew D. Frutkin, MD; Jason B. Lindsey, MD; John A. House, MS;
John A. Spertus, MD, MPH; Sunil V. Rao, MD; Fang-Shu Ou, MS; Matthew T. Roe, MD, MHS;


Eric D. Peterson, MD, MPH; Steven P. Marso, MD; on Behalf of the National Cardiovascular
Data Registry


Background—Bleeding in patients undergoing percutaneous coronary intervention (PCI) is associated with increased
morbidity, mortality, length of hospitalization, and cost. We identified baseline clinical characteristics associated with
bleeding complications after PCI and developed a simplified, clinically useful algorithm to predict patient risk.


Methods and Results—Data were analyzed from 302 152 PCI procedures performed at 440 US centers participating in the
National Cardiovascular Data Registry. As defined by the National Cardiovascular Data Registry, bleeding required
transfusion, prolonged hospital stay, and/or a drop in hemoglobin �3.0 g/dL from any location, including percutaneous
entry site, retroperitoneal, gastrointestinal, genitourinary, and other/unknown location. Bleeding complications occurred
in 2.4% of patients. From the best-fitting model consisting of 15 clinical elements associated with post-PCI bleeding in
a random 80% training cohort, we developed a parsimonious risk algorithm. Predictors of bleeding included age, gender,
previous heart failure, glomerular filtration rate, peripheral vascular disease, no previous PCI, New York Heart
Association/Canadian Cardiovascular Society Functional Classification class IV heart failure, ST-elevation myocardial
infarction, non–ST-elevation myocardial infarction, and cardiogenic shock. The parsimonious model was validated in
the remaining 20% of the population (c-statistic, 0.72) and in clinically relevant subgroups of patients. This simplified
model was used to derive a clinical risk algorithm, with larger numbers corresponding with greater risk. In 3 categories,
bleeding rates were greater in patients with higher estimates (�7, 0.7%; 8 to 17, 1.8%; �18, 5.1%).


Conclusions—This report identifies baseline clinical factors associated with bleeding and proposes a clinically useful
algorithm to estimate bleeding risk. This model is potentially actionable in altering therapeutic decision making and
improving outcomes in patients undergoing PCI. (Circ Cardiovasc Intervent. 2009;2:222-229.)


Key Words: catheterization � hemorrhage � risk factors


Bleeding is the most common noncardiac complication in
patients undergoing percutaneous coronary intervention


(PCI)1 and is associated with increased risk of adverse
outcomes including death, myocardial infarction (MI), and
stroke, as well as increased length of hospitalization and
cost.2–4 Although a variety of individual risk factors have
been linked to bleeding after PCI,5 currently there is no
accepted method to categorize patients undergoing PCI by
risk of post-PCI bleeding. An algorithm to predict risk of
bleeding could be highly actionable, enabling physicians to
consider alternative adjunctive PCI care. Using data from the
National Cardiovascular Data Registry (NCDR), we identi-


fied clinical risk factors for post-PCI bleeding and then
developed a clinical algorithm to predict patient risk of
bleeding.


Clinical Perspective on p 229


Methods


Study Population
A description of the NCDR has been published.6,7 We used version
3.04 of the CathPCI database, which contains data on PCI procedures
performed from January 1, 2004, to March 31, 2006. Initially, data
were obtained from 309 351 patients undergoing 317 355 PCI
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procedures at 484 hospitals. Centers not reporting PCI data (n�14)
or with missing bleeding data (n�30) were excluded. Only index
PCI procedures performed during the study period were included in
this analysis. Patients who died on the day of PCI or with missing
bleeding data were excluded from the final analysis. The authors had
full access to the data and take responsibility for its integrity. All
authors have read and agree to the manuscript as written.


Definitions
Full descriptions of the data element definitions for version 3.04 of the
CathPCI registry are available online at https://www.accncdr.com/
webncdr/DefaultCathPCI.aspx. Bleeding is defined by the CathPCI
registry as (1) occurring at percutaneous entry site, during or after
catheterization laboratory visit until discharge, which may be exter-
nal or a hematoma �10 cm for femoral, �5 cm for brachial, or �2
cm for radial access; (2) retroperitoneal; (3) gastrointestinal; (4)
genitourinary; and (5) other/unknown origin during or after cathe-
terization laboratory visit until discharge. All bleeding events re-
quired a transfusion, prolonged hospital stay, and/or a drop in
hemoglobin �3.0 g/dL. PCI indication consisted of (1) elective; (2)
urgent (required during same hospitalization to minimize further
clinical deterioration, worsening or sudden chest pain, congestive
heart failure, acute MI, anatomy, intra-aortic balloon pump, unstable
angina with intravenous nitroglycerin, or angina at rest); (3) emer-
gency (to procedure or in transit to the catheterization laboratory,
ongoing ischemia despite maximal medical therapy, acute MI �24
hours before procedure, pulmonary edema requiring intubation, or
shock with or without circulatory support); or (4) salvage (undergo-
ing CPR en route to PCI). Indications for acute PCI included (1)
primary for ST-elevation MI; (2) rescue (unplanned after failed
fibrinolysis for recurrent ischemia); (3) facilitated (planned after
reduced-dose fibrinolysis); or (4) for non–ST-elevation MI or unsta-
ble angina. Estimated glomerular filtration rate was calculated using
admission serum creatinine value and the abbreviated modification
of diet in renal disease formula.8 Acute coronary syndromes con-
sisted of ST-elevation MI, non–ST-elevation MI, or unstable angina.


Statistical Analysis
Continuous variables are described as medians (interquartile range)
and compared using Wilcoxon rank-sum tests. Categorical variables
are described as frequencies and compared using Pearson �2 tests.
Ordinal variables were tested using a �2 test based on the rank of the
group mean score. Baseline patient characteristics and variables with
clinically significant associations with bleeding were included in a
multivariable model. Missing data were �0.5% across covariates
except for estimated glomerular filtration rate (�5%). Missing
values were imputed to the lower risk group for discrete variables
and replaced with gender and renal failure/dialysis-specific medians
for estimated glomerular filtration rate. Logistic regression with the
generalized estimating equations9 method was used to account for
within-hospital clustering. A random sample of 80% of patients
formed the training set to develop the predictive model, whereas the
remaining 20% of patients were used to validate the model. Using
backward selection with a criterion to keep of P�0.05, we developed
a best-fitting multivariable model associated with post-PCI bleeding
(model 1). From this model, we used stricter criteria of keeping only
the 10 most significant variables in backward selection to develop a
parsimonious model (model 2), which resulted in the removal of 6
variables: (1) intra-aortic balloon pump, (2) previous valve surgery,
(3) cerebrovascular disease, (4) hypertension, (5) weight, and (6)
New York Heart Association/Canadian Cardiovascular Society
Functional Classification class III heart failure. Based on clinical
judgment, the PCI indicator variable was also removed (model 3)
because this variable is highly correlated with other clinical vari-
ables. A simplified clinical algorithm was then developed using
model 3. Variables in the risk score model were assigned an integer
weight based on the � coefficient.10 The sum of the integers for each
patient is the risk algorithm. C-statistics, Brier score,11 and Quasi-
likelihood information criterion12 were used to compare model
discrimination between models 2 and 3. The final model’s goodness
of fit was determined by calibration plots, and model discrimination


was assessed by the c-statistic. After initial development, the model
was tested in a variety of clinical scenarios including patients with
ST-elevation MI, non–ST-elevation MI or unstable angina, and
patients undergoing elective PCI. All comparisons were 2-tailed,
with a P�0.05 considered statistically significant. All statistical
analyses were performed by the Duke Clinical Research Institute,
using SAS software (version 9.0, SAS Institute, Cary, NC).


Results
A total of 302 152 patients undergoing an equal number of
PCI procedures at 440 US hospitals met the inclusion criteria
for this analysis. Baseline clinical and procedural character-
istics stratified by bleeding are shown in Table 1. Overall,
bleeding occurred in 7328 patients (2.4%). The average
hospital bleeding rate was 2.7�2.0%. By access site, bleed-
ing occurred at percutaneous entry in 2781 patients (38.0%),
retroperitoneal in 941 (12.8%), gastrointestinal in 1369
(18.7%), and genitourinary in 376 (5.1%). There were 399
patients (5.4%) with bleeding at �1 location.


The pre-PCI clinical variables and metrics of the best
fitting (model 1) and parsimonious (model 2) are included in
supplemental Table I. The most parsimonious (model 3) is
shown in Table 2. Comparisons of model performance are
shown in Table 3. Compared with the best fitting, the most
parsimonious model had 9 pre-PCI clinical variables and
performed similarly as assessed by the c-statistic, quasi-
likelihood information criterion, and Brier score.


To evaluate model 3 further, a calibration plot was calcu-
lated applying the predicted risk of bleeding model from the
training cohort to the validation cohort and compared with the
actual incidence of bleeding in the validation cohort (Figure
1a). Model performance in clinical subsets including ST-
elevation MI, non–ST-elevation MI or unstable angina, and
nonacute coronary syndromes is shown in Figure 1b through
1d (supplemental Figure I demonstrates model performance
in the best-fitting model).


Using model 3, a risk algorithm for post-PCI bleeding was
developed (Table 4). Weighted points were assigned based on
the presence or absence of these covariables. Among all
patients in the study group, there was an upward trend in
observed rates of post-PCI bleeding when patients were
categorized by increasing risk score as shown in Figure 2.
The risk of bleeding when the clinical risk algorithm was
simplified into 3 categories is shown in Figure 3.


Discussion
In a contemporary national registry of patients undergoing
PCI, the incidence of post-PCI bleeding was 2.4%. We
developed a best-fitting model for bleeding in patients under-
going PCI, using a random sample of 80% of patients in this
dataset, and then validated the model in the remaining 20%.
From the best-fitting model, a minimal-element model was
identified and used to develop a clinically simplified algo-
rithm. The parsimonious model compared favorably with the
best-fitting model in tests of discrimination and calibration.


Major bleeding is one of the most common complications
after PCI and confers a poor prognosis1; the reported incidence
of bleeding ranges from 0.2% to 9.1%.13–17 Numerous studies
have described the strong association between bleeding events
and increased early18–20 and late mortality.13,15,19–22 The associ-
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Table 1. Baseline Clinical and Procedural Characteristics


No Bleeding (n�294 824) Bleeding (n�7328) P


Age, y 64.0 (55.0 to 73.0) 70.0 (59.0 to 78.0) �0.0001


Female 33.2 53.1 �0.0001


Race


White 87.2 86.1 0.0008


Black 5.6 6.0


Hispanic 2.2 2.6


Asian 1.1 1.2


Weight, kg 85.7 (73.6 to 99.3) 79.4 (67.3 to 92.9) �0.0001


Body mass index, kg/m2 28.7 (25.5 to 32.9) 27.9 (24.4 to 32.3) �0.0001


�18.5, % 1.2 2.4 �0.0001


18.5–24.9, % 20.3 26.7


25–29.9, % 37.3 34.9


�30, % 41.1 35.8


MI �7 days 29.3 25.5 �0.0001


Previous valve surgery 1.0 1.72 �0.0001


Diabetes mellitus


Insulin controlled 10.1 11.5 0.10


Noninsulin controlled 21.6 20.8


Glomerular filtration rate, mL min�1 1.73 m�2 72.8 (57.9 to 87.9) 63.6 (47.5 to 79.0) �0.0001


Cerebrovascular disease 11.2 15.5 �0.0001


Hypertension 75.3 77.2 0.0002


Dyslipidemia 73.8 66.6 �0.0001


Family history of CAD at age �55 y 28.8 24.1 �0.0001


Previous PCI 35.4 23.8 �0.0001


Previous CABG 19.1 15.6 �0.0001


Tobacco use


Current 26.8 24.0 �0.0001


Former 35.8 35.0


Peripheral vascular disease 11.7 15.2 �0.0001


Congestive heart failure 8.5 17.2 �0.0001


NYHA/CCS class


I 35.3 26.0 �0.0001


II 19.8 13.9


III 26.7 26.0


IV 18.2 34.2


Cardiogenic shock 1.8 7.8 �0.0001


ACS type


ST-elevation MI 14.5 30.7 �0.0001


Non–ST-elevation MI/unstable angina 51.1 48.9


Others 34.4 20.5


Intra-aortic balloon pump 2.0 10.1 �0.0001


PCI indication


Elective 49.2 29.0 �0.0001


Urgent 36.3 38.5


Emergency 14.3 31.7


Salvage 0.2 0.8


(Continued)
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ation between bleeding and mortality is evident across the
spectrum of indications for PCI, from elective through acute
MI.13 In fact, bleeding was as predictive of 1-year mortality
as previous MI and urgent repeat revascularization. Bleeding
is also associated with an increased risk of recurrent ischemic
events,15,22 length of hospital stay,4 and increasing cost—
�$6300. Given these associations, outcomes, and increased
resource utilization, we believe that identification of patients
at high risk for bleeding is a clinical imperative. Improved
identification of high-risk patients will enable physicians to
develop alternative approaches to mitigate the risk of bleed-


ing and potentially improve outcomes among patients under-
going PCI. Nikolsky et al23 have derived a clinical risk model
from the Randomized Evaluation in PCI Linking Angiomax
to Reduced Clinical Events (REPLACE) trial. We have
expanded this approach to a broader population undergoing
PCI.


We identified several independent risk factors for bleeding
in patients undergoing PCI. Several of these variables, in-
cluding increased age, female sex, and renal impairment have
been well described in previous studies.3,17,23 Patients with
advanced disease severity states, such as cardiogenic


Table 1. Continued


No Bleeding (n�294 824) Bleeding (n�7328) P


Acute PCI indication


Primary for ST-elevation MI 10.3 23.6


�0.0001


Rescue 0.9 2.2


Facilitated 1.5 2.4


Non–ST-elevation MI/unstable angina 15.6 19.6


Preprocedure stenosis, % 90.0 (80.0 to 99.0) 95.0 (90.0 to 100.0) �0.0001


Preprocedure TIMI flow, %


No 10.8 18.5


�0.0001


Slow 8.5 10.2


Partial 18.5 19.1


Complete 61.2 51.2


ACC class C lesion 40.8 52.1 �0.0001


Lesion length, mm 16.0 (12.0 to 23.0) 18.0 (12.0 to 24.0) �0.0001


Lesion bifurcation 12.4 14.3 �0.0001


SCAI lesion class


I 54.0 40.9


�0.0001


II 30.9 33.3


III 5.4 7.4


IV 9.7 18.3


Data are median (interquartile range) or percent. MI indicates myocardial infarction; CAD, coronary artery disease;
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACS, acute coronary syndromes;
NYHA/CCS, New York Heart Association/Canadian Cardiovascular Society Functional Classification; TIMI, Thrombolysis
in Myocardial Infarction; ACC, American College of Cardiology; SCAI, Society for Cardiovascular Angiography and
Interventions.


Table 2. Most Parsimonious Risk Model Generated in the Training Cohort


Estimate of the � Coefficient SE Odds Ratio 95% CI P


Intercept �5.9876 0.1620 — — �0.0001


ACS type


ST-elevation MI 0.9561 0.0493 2.60 2.36 to 2.87 �0.0001


Non–ST-elevation MI/unstable angina 0.3411 0.0380 1.41 1.31 to 1.52 �0.0001


Cardiogenic shock 0.7678 0.0594 2.16 1.92 to 2.42 �0.0001


Female gender 0.6056 0.0289 1.83 1.73 to 1.94 �0.0001


NYHA class IV CHF 0.3761 0.0414 1.46 1.34 to 1.58 �0.0001


Previous congestive heart failure 0.2207 0.0428 1.25 1.15 to 1.36 �0.0001


Peripheral vascular disease 0.1945 0.0350 1.21 1.13 to 1.30 �0.0001


Age 0.0335 0.0020 1.40 1.34 to 1.45 �0.0001


Previous PCI �0.4016 0.0328 0.67 0.63 to 0.71 �0.0001


Glomerular filtration rate �0.0107 0.0007 1.11 1.10 to 1.13 �0.0001


CHF indicates congestive heart failure; NYHA, New York Heart Association.
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shock, ST-elevation MI, non–ST-elevation MI, requiring
emergency/salvage PCI procedures, and treatment with an
intra-aortic balloon pump were also at increased risk.
However, knowledge of these individual risk factors alone
neither allows physicians to estimate individual patient
risk nor enables physicians to alter medical therapy for
high-risk patients.


The clinical risk algorithm was simplified based on all
multivariable predictors of post-PCI bleeding from the best-
fitting model. To maximize clinical utility, we simplified the
model following a 2-step approach. First, we eliminated
variables believed to add little to model discrimination by
keeping only the top 10 significant variables. This resulted in
the elimination of hypertension, cerebrovascular disease,
New York Heart Association/Canadian Cardiovascular Soci-
ety Functional Classification class III heart failure, weight,
and previous valve surgery. Second, we eliminated the PCI
indicator variable because considerable clinical overlap
was believed to exist between it and other variables in the


model, including ST-elevation and non–ST-elevation MI,
cardiogenic shock, and New York Heart Association/
Canadian Cardiovascular Society Functional Classification
class IV heart failure. More importantly, we believed that
the clinical utility of the model would be diminished
because these definitions inherent in the PCI indicator
variable are not commonly used in the clinical setting,
which would unduly burden support staff in the catheter-
ization laboratory. For example, urgent PCI is defined by
NCDR as required during the same hospitalization to
minimize further clinical deterioration, worsening or sud-
den chest pain, congestive heart failure, acute MI, anato-
my, intra-aortic balloon pump, unstable angina with intra-
venous nitroglycerin, or angina at rest. Although there was
a slight decrease in the c-index after elimination of the PCI
indicator variable, the Brier score was similar, thus the
magnitude of loss of model discrimination was minimal.
The simplified algorithm compared favorably with the
best-fitting model. To assess further the predictive accu-


Table 3. Performance Measures of the Best-Fitting and Parsimonious Models Generated in
the Training Cohort


Full Model
(Model 1)


Including PCI Indicator
(Model 2)


Excluding PCI Indicator
(Model 3)


Log likelihood (with covariates) �25 739.45 �25 782.31 �25 913.49


C-index 0.728 0.726 0.719


Brier score 0.023391 0.023398 0.023437


Correlation between predicated log odds
(compared with full model)


1.0 0.98366 0.94779


Quasi-likelihood information criteria 51 566.094 51 623.2742 51 884.9739


Figure 1. Calibration plots testing the bleeding risk score model in all patients and stratified by clinical indication. The bleeding risk
score model was calculated in the validation cohort and tested in all patients (A), and in clinical subsets including ST-elevation MI (B),
non–ST-elevation MI or unstable angina (C), and non-ACS patients (D). The identity line is indicative of a perfect model, in which the
predicted and actual number of events are equal. NSTEMI indicates non–ST-elevation myocardial infarction; UA, unstable angina;
STEMI, ST-elevation myocardial infarction; ACS, acute coronary syndromes.
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racy of the model, we generated calibration plots to
compare observed and expected number of bleeding events
by decile of predicted risk. The identity line is indicative of
a perfect model, in which the predicted and actual number
of events are equal. It is visually apparent that the
parsimonious model performed similarly in tests of cali-
bration and in selected subgroups.


There are several strengths associated with this project.
First, we believe this model is highly actionable. We inten-
tionally chose to model only pre-PCI variables, thus allowing
physicians the maximal opportunity to consider alternate PCI
care for patients at high risk for post-PCI bleeding. There are
several strategies to mitigate post-PCI bleeding. The use of
smaller sheath sizes (4F to 6F) has been shown to decrease
bleeding.24–27 Preferential use of bivalirudin over unfraction-
ated heparin and glycoprotein IIb/IIIa inhibitors is effective in
reducing thrombotic complications while minimizing bleed-
ing.14,28–32 Selective use of the radial artery has been shown
to decrease access site bleeding complications by 58%


compared with femoral access.33 Second, the model can be
applied to a broad range of PCI indications23,32,34 because it
was developed from a large, contemporary, real-world pop-
ulation of patients undergoing PCI. Last, the model predicts
bleeding whether at access or nonaccess site and performs
similarly regardless of bleeding location.


Limitations
Bleeding definitions from the NCDR differ from those
frequently used in randomized trials.35,36 Thus, we could not
assess model performance using alternative bleeding defini-
tions, such as Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded coronary arteries
(GUSTO) and Thrombolysis in Myocardial Infarction. Bleed-
ing was not adjudicated in the NCDR, potentially resulting in
underreporting. To minimize systematic underreporting, we
excluded centers that did not report bleeding to the NCDR,
although we recognize institutional variability in systemati-
cally reporting post-PCI bleeding. Another anticipated limi-
tation is anticoagulation-associated bleeding. We chose a pri-
ori not to model anticoagulants for 2 reasons. First, their use
is likely associated with significant selection bias. Operators
likely based their anticoagulant choice on many factors,
including acute coronary syndromes, acute MI, ST-elevation
MI, and risk of bleeding. This decision alone could result in
a propensity for bleeding based on anticoagulant choice,
which would confound the model. Second, it has been shown
that incorrect dosing of many agents, including unfraction-
ated heparin and glycoprotein IIb/IIIa inhibitors, leads to an
increased bleeding hazard. In addition, our analysis does not
establish a cause-effect relationship between bleeding and
long-term morbidity and mortality. Thus, implementation of
strategies to reduce bleeding cannot be assumed to improve
long-term outcomes. Finally, long-term follow-up is unavail-
able in the NCDR; thus, we could not examine the influence
of various therapeutic strategies on outcomes of patients
predicted to be at high bleeding risk.


Conclusions
This report from the NCDR demonstrates a clinical risk
algorithm for post-PCI bleeding developed from patient data
evaluated before PCI. Further studies should determine


Figure 3. Prevalence of post-PCI bleeding calculated in the vali-
dation cohort using the parsimonious clinical risk prediction
model. Data are simplified into 3 categories.


Table 4. Variables Used to Calculate Bleeding Risk Score
Generated in the Training Cohort


Variable Points Assigned


ACS type


ST-elevation MI 10


Non–ST-elevation MI/unstable
angina


3


Cardiogenic shock 8


Female gender 6


Previous CHF 5


No previous PCI 4


NYHA class IV CHF 4


Peripheral vascular disease 2


Age, y


66–75 2


76–85 5


�85 8


Estimated glomerular filtration rate 1 (per 10 unit decrease if �90)


CHF indicates congestive heart failure; NYHA, New York Heart Association.


Figure 2. Prevalence of post-PCI bleeding calculated in the vali-
dation cohort using the parsimonious clinical risk prediction
model. Data are stratified by increasing risk score.
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whether bleeding reduction strategies (choice of access site,
antithrombotic regimens) can be implemented in various
patient risk strata in an effort to minimize both immediate and
long-term hemorrhagic outcomes.
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CLINICAL PERSPECTIVE
Bleeding is the most common noncardiac complication after percutaneous coronary intervention, associated with increased
morbidity, mortality, length of hospitalization, and cost. In this work, we identified clinical risk factors associated with
postpercutaneous coronary intervention bleeding in �300 000 patients from the National Cardiovascular Data Registry.
From a best-fitting model of 15 risk factors, we developed a simplified clinical model consisting of the 9 most significant
and clinically useful variables. Using the simplified model, a risk scoring algorithm is presented with points assigned based
on the presence of these variables. A patient’s risk score is calculated using the sum of the points; larger scores correspond
with increased risk. Three risk categories are presented: low (�7 points), medium (8 to 17 points), and high (�18 points).
This clinical risk model is actionable because there are known strategies to reduce postpercutaneous coronary intervention
bleeding. Incorporation of this risk algorithm into everyday cardiology practice is feasible and may reduce resource
utilization and mitigate bleeding risk in patients undergoing percutaneous coronary intervention.
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SUPPLEMENTAL MATERIAL 


Supplemental Table 1: Best-fitting (model 1) and first parsimonious models (model 2) generated in the training cohort  


 Estimate of 


the β 


Coefficient 


Standard Error Odds Ratio 95% CI P-value 


Model 1 


Intercept -5.6499 0.223 - - <0.0001 


PCI indication 


   Salvage/emergency 


   Urgent 


 


0.7952 


0.3771 


 


0.0578 


0.0406 


 


2.21 


1.46 


 


1.98-2.48 


1.35-1.58 


 


<0.0001 


<0.0001 


Intra-aortic balloon pump 


(pre-operative) 


0.6511 0.1672 1.92 1.38-2.66 <0.0001 


Cardiogenic shock 0.6293 0.0611 1.88 1.66-2.12 <0.0001 


Female gender 0.5610 0.0312 1.75 1.65-1.86 <0.0001 


Prior valve surgery 0.4427 0.0973 1.56 1.29-1.88 <0.0001 


ACS type      
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   ST-elevation MI 


   Non-ST-elevation MI 


0.4065 


0.1232 


0.0637 


0.0429 


1.50 


1.13 


1.33-1.70 


1.04-1.23 


<0.0001 


0.004 


NYHA/CCS heart failure 


   Class IV 


   Class III 


 


0.3536 


0.1294 


 


0.0466 


0.0421 


 


1.42 


1.14 


 


1.30-1.56 


1.05-1.24 


 


<0.0001 


0.0021 


Prior heart failure 0.1797 0.0432 1.20 1.10-1.30 <0.0001 


Peripheral vascular disease 0.1565 0.0365 1.17 1.09-1.26 <0.0001 


Cerebrovascular disease 0.1538 0.0349 1.17 1.09-1.25 <0.0001 


Hypertension 0.1130 0.0311 1.12 1.05-1.19 0.0003 


Age 0.0299 0.0021 1.35* 1.29-1.41 <0.0001 


Prior PCI -0.3817 0.0330 0.68 0.64-0.73 <0.0001 


Glomerular filtration rate -0.0101 0.0007 1.11† 1.09-1.12 <0.0001 


Weight -0.0040 0.0011 1.02‡ 1.01-1.03 0.0002 


Model 2 


Intercept -6.1383 0.1646 - - <0.0001 


PCI indication      
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   Salvage/emergency 


   Urgent 


0.7959 


0.3899 


0.0581 


0.0411 


2.22 


1.48 


1.98-2.48 


1.36-1.60 


<0.0001 


<0.0001 


Cardiogenic shock 0.6654 0.0592 1.95 1.73-2.18 <0.0001 


Female gender 0.6120 0.0288 1.84 1.74-1.95 <0.0001 


ACS type 


   ST-elevation MI 


   Non-ST-elevation MI 


 


0.4347 


0.1673 


 


0.0631 


0.0416 


 


1.54 


1.18 


 


1.36-1.75 


1.09-1.28 


 


<0.0001 


<0.0001 


NYHA/CCS Class IV heart 


failure 


0.2886 0.0403 1.33 1.23-1.44 <0.0001 


Prior heart failure 0.2173 0.0429 1.24 1.14-1.35 <0.0001 


Peripheral vascular disease 0.2022 0.0352 1.22 1.14-1.31 <0.0001 


Age 0.0338 0.0020 1.40* 1.35-1.46 <0.0001 


Prior PCI -0.3760 0.0330 0.69 0.64-0.73 <0.0001 


Glomerular filtration rate -0.0105 0.0007 1.11† 1.10-1.13 <0.0001 


* Odds ratio per 10 year increase in age 


† Odds ratio per 10 mL/min/1.73m2 decrease in GFR 


‡ Odds ratio per 5 Kg decrease in weight 
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 Supplemental Figure 1: Calibration plot testing the best-fitting bleeding model. 


The best-fitting bleeding model was calculated in the validation cohort and tested in all 


patients. 


 
Supplemental Figure 1 
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Early administration of reperfusion therapy improves survival 
in patients with ST-elevation myocardial infarction by reestablishing coronary 
blood flow within the occluded infarct-related artery.1 Primary percutaneous 


coronary intervention (PCI) is superior to fibrinolytic therapy when performed rap-
idly by expert teams,2 but its effectiveness may be limited by delays in delivery.3


Recent national efforts are drawing attention to the importance of door-to-balloon 
time as a key indicator of quality of care for patients with ST-elevation myocardial 
infarction who are treated with primary PCI.4 The American College of Cardiology 
(ACC), in collaboration with the American Heart Association (AHA), the American 
College of Emergency Physicians (ACEP), the National Heart, Lung, and Blood Institute 
(NHLBI), and other partners, has implemented a national quality-improvement cam-
paign to decrease door-to-balloon time in primary PCI.5 The convergence of clinical 
and policy interest in door-to-balloon time makes this an opportune occasion to re-
view current knowledge on this topic.


Pathoph ysiol o gy of M yo c a r di a l Necrosis


Animal models demonstrate a direct relationship between the duration of coronary-
artery occlusion and the extent of myocardial necrosis.6 Myocardial cell death begins 
as early as 20 minutes after coronary-artery occlusion and is usually complete within 
6 hours. This period may be extended considerably, however, depending on several 
clinical factors, including the presence or absence of intermittent episodes of tran-
sient reperfusion, the extent of collateral circulation, and the presence or absence of 
a history of ischemic preconditioning.7,8 Prompt reperfusion therapy can limit myo-
cardial necrosis, although delayed treatment may still provide some benefit by im-
proving left ventricular remodeling and electrical stability.9 Nevertheless, timely treat-
ment produces the most pronounced benefit.


Fibr inoly tic Ther a py


Patients with ST-elevation myocardial infarction who receive fibrinolytic therapy have 
better short- and long-term survival when treatment is instituted rapidly, with early 
reestablishment of flow.10 This relationship between time to treatment and outcomes 
of fibrinolytic therapy appears to be nonlinear, with the best chance of survival when 
fibrinolytic therapy is administered within 2 to 3 hours after the onset of symptoms.11 
Little benefit is seen with fibrinolytic therapy after 12 hours, probably because of lost 
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opportunities for both myocardial salvage12 and 
restoration of blood flow, as the thrombus orga-
nizes within the coronary artery over time.13


Pr im a r y PCI


Longer intervals between the onset of symptoms 
and balloon time have been correlated with poorer 
outcomes in several,14-17 but not all, studies of pri-
mary PCI.18-20 Some studies have also suggested 
that delays in the delivery of primary PCI are im-
portant only within the first 2 or 3 hours after the 
onset of symptoms (since this is the time when 
myocardial salvage is greatest)21 or in high-risk pa-
tients, such as those with cardiogenic shock.22 In 
general, studies that have not shown a relationship 
between the time from the onset of symptoms to 
treatment and outcome have had smaller samples, 
involved special subpopulations of patients, or in-
cluded narrower ranges of time than studies that 
have shown such a relationship. However, it is also 
possible that even though the extent of myocardial 
salvage may be similar for fibrinolytic therapy and 
primary PCI in the early period after the onset of 
symptoms, PCI is more effective in restoring flow 
and improving outcomes during later periods. Ac-
cordingly, some investigators have hypothesized 
that there is a longer treatment window for primary 
PCI than has been suggested in studies of fibrino-
lytic therapy.23 Data supporting this theory are 
sparse at this time and are not incorporated into 
current guideline recommendations.


In contrast, delays in door-to-balloon time have 
been consistently associated with poorer outcomes 
in many studies.15,18-20,24 Using data from the 
National Registry of Myocardial Infarction, Mc-
Namara and colleagues recently noted a strong 
relationship between door-to-balloon time and in-
hospital mortality among 29,222 patients with 
ST-elevation myocardial infarction.20 When treat-
ment was started within 90 minutes after arrival, 
in-hospital mortality was 3.0%, but it increased to 
4.2%, 5.7%, and 7.4% when delays were 91 to 120 
minutes, 121 to 150 minutes, and more than 150 
minutes, respectively. When adjusted for differ-
ences in patient characteristics, each 15-minute 
reduction in door-to-balloon time from 150 to less 
than 90 minutes was associated with 6.3 fewer 
deaths per 1000 patients treated (Fig. 1). This rela-
tionship was particularly apparent in patients who 
arrived at the hospital within 1 hour after the onset 
of symptoms and had high-risk features, a finding 


consistent with that in other reports.14,21,24 Other 
researchers have noted similar findings, with evi-
dence of smaller infarct sizes, fewer major adverse 
cardiovascular events, and better long-term sur-
vival with door-to-balloon times of 90 minutes or 
less.24,25


Per for m a nce w i th R espec t  
t o D o or-t o -B a l l o on Time


Guidelines from the ACC–AHA and the European 
Society of Cardiology recommend a treatment goal 
of 90 minutes or less for door-to-balloon time (or 
the time from initial medical contact to treat-
ment),26,27 and this measure is incorporated into 
national, publicly reported quality indicators for 
hospital performance. The Health Quality Alliance 
program, which is a combined effort of the Centers 
for Medicare and Medicaid Services and the Joint 
Commission, includes door-to-balloon time among 
its core measures of quality of care for acute myo-
cardial infarction.4


Door-to-balloon time, as currently measured 
by the Health Quality Alliance, addresses several 
practical concerns. First (despite its terminology), 
the measure permits the use of devices other than 
angioplasty balloons that are occasionally used to 
initially reestablish reperfusion. Second, reporting 
on the measure changed substantially in July 2006, 
shifting from a treatment goal of 120 minutes or 
less to one of 90 minutes or less, reporting hospi-
tal median as opposed to mean door-to-balloon 
time, and allowing for clinicians to exclude from 
the calculation patients for whom delays are con-
sidered unavoidable. These modifications encour-
age a treatment goal that is consistent with the 
guidelines, reduce the influence of outlier times, 
and acknowledge that delays may be due to ex-
tenuating circumstances in which time is spent on 
other necessary clinical activities, such as ruling 
out an aortic dissection. Despite these improve-
ments, the current measure still has some limita-
tions. For example, patients in whom ST-elevation 
myocardial infarction develops after admission to 
the hospital or who are transferred from another 
hospital for primary PCI are not currently includ-
ed. These issues deserve more attention in future 
iterations of the measure.


Currently available data suggest that there has 
been little improvement in door-to-balloon times 
in the recent past, and performance on this indi-
cator lags behind performance on other quality 
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measures for the treatment of acute myocardial 
infarction.28,29 In recently reported data from hos-
pitals participating in the National Registry of 
Myocardial Infarction between 1999 and 2002, 
only 35% of all patients were treated within 90 
minutes after arrival at the hospital, and less than 
15% of hospitals had a median time of less than 
90 minutes.30 Two particular patient subgroups 
appear to be at highest risk for long delays in door-
to-balloon time: patients who present during off-
hours (nights and weekends) and those who are 
transferred from other acute-care facilities. Pa-
tients with ST-elevation myocardial infarction fre-
quently present during off-hours, and many health 
care facilities are challenged to maintain the avail-
ability of primary PCI around the clock. Outcomes 
with primary PCI are also poorer during off-hours 
in part because of longer delays in activating car-
diac-catheterization laboratories.31 For patients 
who are transferred from other hospitals, there is 
the additional challenge of coordinating efforts 
between facilities on an emergency basis. Unlike 
trauma care systems in many states, for example, 
care for patients with ST-elevation myocardial in-
farction is frequently disjointed. In the United 
States, data on the time from arrival at the initial 
hospital to PCI at the receiving hospital suggest 
that median delays are as long as 180 minutes and 
that less than 5% of patients are treated within 
90 minutes.32


Although several clinical trials have shown 
promising results of emergency transfer for pri-
mary PCI as compared with on-site fibrinolytic 
therapy,33 only one of these studies involved hos-
pitals in the United States.34 European health care 
systems have been more successful at rapidly 
transferring and coordinating care for patients 
with ST-elevation myocardial infarction because of 
better integration of emergency medical systems 
and hospital networks.35 In limited areas of the 
United States, the emergency transfer of such pa-
tients between referral and tertiary care hospitals 
has also been successfully demonstrated.36-38


Selec ting a R eper f usion 
Ther a py


Given the substantial resources required, many 
hospitals in the United States and Europe lack PCI 
capabilities, and even fewer provide around-the-
clock staffing for these procedures. The decision 
to use primary PCI could substantially delay access 


to reperfusion for some patients with ST-elevation 
myocardial infarction who otherwise could imme-
diately be given fibrinolytic therapy. When both 
reperfusion strategies can be rapidly performed, 
current evidence from clinical trials and registries 
strongly supports the use of primary PCI, based on 
its superiority in reestablishing coronary blood 
flow and the lower risks of reinfarction and intra-
cerebral hemorrhage.2,39 PCI is also the best op-
tion for patients with cardiogenic shock   40 and the 
only option for those with contraindications to fi-
brinolytic therapy. However, fibrinolytic therapy 
remains a practical option for a large number of 
patients when there is no immediate access to a 
catheterization laboratory, particularly since the 
reduced risk of death associated with primary PCI 
may be restricted to high-risk patients.41


The relevant question for clinicians is how long 
a delay in access to primary PCI would make fi-
brinolytic therapy the preferred reperfusion ther-
apy. Unfortunately, there is no clear answer. Several 
meta-regression analyses and a recent pooled anal-
ysis of patient-level data have examined this is-
sue.42-45 Although results vary substantially among 
these studies, all suggest that differences between 
reperfusion therapies with respect to mortality fa-
vor primary PCI but diminish as PCI-related delays 
increase, potentially reaching equipoise between 
60 and 120 minutes. A recent observational study 
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from the National Registry of Myocardial Infarc-
tion46 showed a similar association, but the report 
noted that the effect of PCI-related delays may de-
pend on the patient’s age, location of the infarct, 
and duration of symptoms. Patients who are 
younger, have anterior infarction, and present with 
a shorter duration of symptoms — all factors re-
lated to the efficacy and safety of fibrinolytic 
therapy as well as the dangers of delaying treat-
ment — may have worse outcomes with delays in 
primary PCI as compared with rapid fibrinolytic 
therapy. This study, however, does not provide 
strong enough evidence that there are subgroups 
for which PCI-related delays are unimportant.


Because of the lack of definitive data, there is 
no consensus on the selection of reperfusion ther-
apy in situations in which primary PCI is not read-
ily available. Triage protocols to determine which 
patients are better candidates for primary PCI than 
for immediate fibrinolytic therapy have been pro-
posed, but they have not gained widespread sup-
port in the United States. As discussions of im-
proved coordination of care for patients with 
ST-elevation myocardial infarction across hospitals 
moves forward, matching individual patients with 
the most appropriate treatment will be an impor-
tant goal for health care systems. In most situa-
tions, rapid administration of fibrinolytic therapy 
— within 30 minutes after arrival at the hospital 
for patients without contraindications to its use 
— is recommended when door-to-balloon times 
of more than 90 minutes are anticipated with pri-
mary PCI. As noted earlier, however, some experts 
have suggested that equipoise between the strat-
egies may occur with delays in access to primary 
PCI of as much as 120 minutes or more, depend-
ing on the clinical scenario.47


Reducing Door-to-Balloon Time


Evidence is emerging about the best approaches 
to improving the timeliness of treatment. Estab-
lishing hospital-based strategies to reduce door-
to-balloon time in primary PCI requires funda-
mental changes within complex clinical systems. 
Bradley and colleagues performed in-depth site 
visits at 11 top-performing hospitals within the 
National Registry of Myocardial Infarction that had 
dramatically shortened their median door-to-bal-
loon time over recent years.48 Several critical inno-
vations at the organizational level were noted at 


these facilities, including the support of senior 
management, innovative and flexible protocols, in-
dividual clinical leaders and collaborative teams, 
use of data feedback to monitor progress and iden-
tify problems and successes, and an organization-
al culture that fostered improvement efforts.


More recent work has quantified the effects of 
different specific strategies associated with shorter 
door-to-balloon times, with the use of data from 
a national survey of 365 hospitals.49 Strategies 
identified as beneficial in this study ranged from 
approaches with minimal resource requirements, 
such as activation of the catheterization laboratory 
by emergency medicine physicians rather than 
cardiologists and single-call activation by a central 
page operator, to more complex practices, such as 
the use of prehospital electrocardiography and 24-
hour availability of an on-site cardiologist. Others 
have reported similar findings, with available data 
particularly supporting the use of prehospital elec-
trocardiography,50,51 activation of the catheter-
ization laboratory by emergency medicine physi-
cians,52,53 and data-monitoring systems with 
prompt feedback on door-to-balloon time.54 Only 
a minority of the hospitals surveyed used many of 
these strategies.49


In an effort to help hospitals improve door-to-
balloon time and translate research into practice, 
the ACC, in partnership with the AHA, the ACEP, 
the NHLBI, and others, initiated the Door-to-Bal-
loon (D2B) Alliance, a national quality-improve-
ment effort.5 A tool kit and an implementation 
package for the D2B Alliance have been created 
on the basis of an expert review of the literature 
on strategies for improving door-to-balloon time 
(Table 1). 


Combination S tr ategies


Given that there is a limit to how much door-to-
balloon time can be shortened, attempts have been 
made to minimize the impact of delays on out-
comes by combining the two reperfusion strate-
gies. In one strategy, commonly referred to as 
facilitated PCI, pharmacologic reperfusion with fi-
brinolytic therapy and glycoprotein IIb/IIIa recep-
tor blockers is used to reestablish flow early on 
and is followed by emergency PCI. Clinical trials 
have failed to demonstrate that facilitated PCI im-
proves outcomes as compared with primary PCI, 
and it may actually result in higher mortality.55,56 
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However, many of these trials included patients 
at hospitals where primary PCI was already rapidly 
available, and the approach has yet to be evaluated 
in a large number of patients at high risk for pro-
longed delays to mechanical reperfusion, such as 
transfer patients. Another widely discussed strat-
egy is the pharmacoinvasive approach,57 in which 
emergency PCI is not routinely performed after 
fibrinolytic therapy but is reserved for failed re-
perfusion based on evidence of improved clinical 
outcomes in this setting (i.e., rescue PCI).58 After 
successful reperfusion, routine (nonemergency) 


catheterization with the pharmacoinvasive ap-
proach is performed at a later time (e.g., the 
next day) as opposed to noninvasive risk strati-
fication. 


Although anecdotal reports indicate that clini-
cians are increasingly using facilitated PCI and the 
pharmacoinvasive approach, neither can be recom-
mended at this time. This is especially true when 
full-dose fibrinolytic therapy is combined with 
emergency PCI. This practice, one form of facili-
tated PCI, should be strongly discouraged, given its 
potential harm.


Table 1. Hospital-Based Strategies Associated with Shorter Door-to-Balloon Time and Potential Tools to Implement Them.*


Hospital-Based Strategy Description Potential Tools


Prehospital ECG and activation Greater use of prehospital ECGs by emergency 
medical services, with early activation of 
catheterization laboratory en route


Prehospital ECG policy
Clinical pathway (ECG in emergency department)
Guidelines for rapid assessment
Protocol for obtaining prompt ECG


Emergency department bypass Direct transfer to the catheterization laboratory 
by emergency medical services using pre-
hospital ECGs


Prehospital ECG policy
Guidelines for direct activation of catheteriza-


tion laboratory


Process for triaging patients and 
rapidly obtaining ECG in the 
emergency department


Establishment of physical space and guidelines 
in the emergency department for obtaining 
ECGs during triage evaluations


Dedicated personnel and private area for obtain-
ing ECG in triage


Emergency department activation  
of the catheterization laboratory


Activation of the catheterization laboratory 
team by emergency medicine physicians 
without routine cardiology consultation


Activation policy


Single-call activation Establishment of a single-call system for acti-
vating the entire catheterization laboratory 
team


Alert system


Rapid arrival of PCI team at hospital Establishment of the expectation that team 
members will be available to receive the  
patient 20–30 min after being paged


Staff policy


Process of performing PCI Clearance of elective cases during routine work 
hours; preparation of angioplasty tables 
during off-hours; clear demarcation of roles 
for technical and nursing staff 


Guidelines for work flow during the day and 
maintaining availability of standardized 
equipment during off-hours


Protocol for typical diagnostic and PCI ap-
proaches


Prompt data feedback Routine data monitoring of performance  
with provision of prompt feedback


Time-entry form
E-mail team members door-to-balloon times  


after procedure


Senior management commitment Organizational environment with strong sup-
port by senior management as well as a 
culture that fosters and sustains organiza-
tional change directed at improving door-
to-balloon time


Leadership development program


Team-based approach Emphasis on a team-based approach that  
provides seamless care from arrival of  
ambulance to balloon inflation before  
reperfusion — limit handoffs, one team;  
organizational support for continuous  
quality improvement


Tutorial on continuous quality improvement
Team training program


* ECG denotes electrocardiogram, and PCI percutaneous coronary intervention. Adapted from the D2B Alliance.5
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F u t ur e Ch a l lenges  
in Improv ing Time  


t o Tr e atmen t in Pr im a r y PCI


Targeting improvement of door-to-balloon time 
at hospitals that already provide primary PCI is 
the aim of current efforts such as the D2B Alli-
ance. If successful, this work will enhance qual-
ity at these facilities. Future challenges will be to 
optimize primary PCI as its use extends to larger 
populations of patients by shortening the overall 
time from the onset of symptoms to treatment. 
This focus will include strategies for reducing the 
time from symptom onset to initial contact by pa-
tients with the health care system and improving 
the use of emergency medical systems, both of 
which have been largely unresponsive to tradition-
al public education campaigns.59


In an effort to expand the availability of PCI, 
some regions are now permitting primary PCI at 
hospitals with catheterization laboratories but no 
on-site cardiac surgery or elective PCI. Early stud-
ies suggest improved clinical outcomes with this 
approach, as compared with fibrinolytic therapy, 
when it is associated with a dedicated, primary PCI 
development program.60 As compared with trans-
fer for primary PCI, primary PCI at hospitals with-
out on-site cardiac surgery has been associated 
with shorter times to treatment, with some data 
suggesting similar short-term mortality.61,62 The 
evidence in this area, however, is very limited. 
More recently, there has been great interest in 


using “bypass” protocols that are similar to the 
trauma model. This would allow patients with ST-
elevation myocardial infarction to be triaged di-
rectly to hospitals with PCI capabilities by emer-
gency medical services rather than to the nearest 
hospital. However, this approach would be best 
implemented with the use of prehospital electro-
cardiography, which is still uncommon in the 
United States.63


Systems of care that integrate many of these 
approaches are being developed in some regions 
of the United States and are the focus of the 
AHA program Mission Lifeline.64 Although there 
is early evidence of success in limited areas, broad 
generalizability of these systems has yet to be dem-
onstrated. Any improvements in access to primary 
PCI with these strategies also must be balanced 
against the use of immediate fibrinolytic therapy, 
which remains a reasonable alternative for reper-
fusion therapy in selected instances. Matching 
patients with the most appropriate treatment and 
location will entail developing a level of coordina-
tion and collaboration among hospitals beyond 
what is currently available in the U.S. health care 
system but is achievable.
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Prehospital testing for troponin T in patients with
suspected acute myocardial infarction 
Andreas Schuchert, MD,a Christian Hamm, MD,a Jens Scholz, MD,b Stefanie Klimmeck,a Britta Goldmann, MD,a


and Thomas Meinertz, MDa Hamburg, Germany


Background Cardiac troponin T (TnT) is a highly sensitive and specific marker for myocardial damage and can be
detected early after myocardial injury. Our hypothesis was to use TnT as an objective marker to verify acute myocardial
infarction before hospital admission. 


Methods and Results We evaluated the sensitivity of a rapid qualitative assay for serum TnT for the detection of
acute myocardial infarction in the ambulance and assessed the predictive value of a positive prehospital TnT test for death
and myocardial infarction during 6-months of follow-up. The study, conducted in an urban area, included 158 consecutive
patients with suspected acute myocardial infarction (93 men aged 69 ± 13 years). A myocardial infarction was confirmed
in 40 and excluded in 118 patients. The prehospital TnT test was positive in 11 patients, of whom 7 had acute myocardial
infarction. Fifty-three patients had a positive test result at hospital admission, with evidence of myocardial infarction in 39 of
them. The sensitivity to acute myocardial infarction was 18% for the prehospital and 98% for the in-hospital test with 78%
and 88% specificity, respectively. During follow-up, patients with a positive prehospital TnT test result had cardiac events
more often (9 of 11) than patients with a negative result (26 of 147; P < .0001). 


Conclusions In areas with short transport times to the patient the rapid TnT test performed at the point of care identi-
fied only a minority of the patients with acute myocardial infarction. A positive prehospital TnT test result seems to be an
objective marker for a worse outcome in patients presenting with suspected acute myocardial infarction. (Am Heart J
1999;138:45-8.)


The management of patients presenting with acute
chest pain could be improved if therapeutic decision-
making takes place before arrival at the hospital.1 Con-
sequently, patients with acute coronary syndromes,
especially with acute myocardial infarction, should
already be identified at the point of care. A 12-lead elec-
trocardiogram, however, is difficult to obtain away from
the hospital and is frequently inconclusive regarding
acute myocardial infarction and unstable angina.2


Recently, tests for new biochemical markers have
been developed to detect acute coronary syndromes
more reliably.3 Among these, troponin T (TnT) offers a
high sensitivity and specificity for cardiac cell damage.4


Cardiac TnT can be quantitatively measured with an
enzyme immunoassay.4 A newly developed whole blood
bedside test kit allows a qualitative TnT measurement
within 20 minutes, which makes TnT detection possible
at the point of care.5-7 The diagnostic and prognostic


benefits of the bedside test have already been shown in
the emergency room setting.5,8-12


The aims of the present investigation were to compare
the sensitivity and specificity of the rapid TnT test per-
formed at the point of care with the test results obtained
4 hours after the first one at hospital admission and to
evaluate the predictive value of a positive prehospital
TnT test for cardiac events during a 6-month follow-up. 


Methods
Patients 


The study was conducted from February 1995 to May 1995
in the urban area of Hamburg and included 195 consecutive
patients with acute chest pain classified as an emergency. An
ambulance brought all patients to the nearest hospital for fur-
ther medial care. 


Study protocol 
The local ethical committee of the Medical Board approved


the protocol. After the patient had given verbal informed con-
sent, 5 mL of blood was collected for the rapid TnT test. This
was done in the patient’s home or in the ambulance. A second
TnT test was performed in the hospital 4 hours after the first test.


All patients received 500 mg aspirin intravenously and nitro-
glycerin sublingually in the ambulance. A 12-lead electrocar-
diogram was performed immediately at hospital admission and
creatine kinase and creatine kinase-MB levels were deter-
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mined. A second set of 12-lead electrocardiogram and cardiac
enzyme measurements were obtained 4 hours later. Addi-
tional serial measurements were left to the physician on duty,
who was aware about the TnT test results.


The incidence of positive TnT tests before hospital admis-
sion was compared with the results in the emergency room.
The occurrence of death and acute myocardial infarction dur-
ing hospitalization and during the 6 months after hospital dis-
charge was assessed in patients with positive and negative
prehospital TnT test results. 


Definitions
Acute myocardial infarction was diagnosed in cases of a


characteristic rise in creatine kinase activity twice above the
upper limit of the normal and an increase of creatine kinase-
MB >6% associated with ST elevations in the electrocardio-
gram or typical clinical findings according to Word Health
Organization criteria. Coronary artery disease was defined by
a positive coronary angiography result, a history of acute
myocardial infarction, or a positive exercise test result. An
electrocardiogram was classified as an ischemia electrocardio-
gram by the presence of ST elevations >1 mm in the limb
leads and >2 mm in the precordial leads or by T-wave inver-
sions in any lead. 


Analytical tests
A whole blood rapid assay device was used for the qualitative


determination of serum TnT (TROP; Boehringer Mannheim).
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With this device, after pipetting 150 µL heparinized whole
blood, the cellular fraction is separated from plasma by a glass
fiber fleece. As the plasma diffuses to the detection zone, car-
diospecific gold-labeled antibody and a biotinylated antibody
bind to different epitopes of TnT to form immunocomplexes.
The immunocomplexes are immobilized in the reading zone
based on streptavidin technology. The occurrence of the
immunocomplexes as a red line within 20 minutes indicates the
presence of serum TnT above the discriminator value of 0.18
ng/mL in the sample. Test results are read by trained physicians.


Creatine kinase level was determined in all samples with a
Hitachi 717 automatic analyzer (Boehringer Mannheim), with
80 U/L as the upper limit of normal. The activity test with the
immune inhibition test was used for CK-MB determination. 


Statistics
Data are presented as mean ± 1 SD and as median if appro-


priate. Student 2-tailed t test for unpaired data and the exact
Fischer test were used for statistical comparisons. A P value <
.05 was considered statistically significant. Calculations were
[True positive/(True positive + False negative) × 100] for sen-
sitivity and [True negative/(True negative + False positive) ×
100] for specificity.


Results 
Patients


Twelve patients were excluded from the analysis
because they later refused to evaluate their data. In


Troponin T test Positive Negative P value


Number of patients 11 147
Age (y) 77 ± 8 68 ± 13 <.05
Male 6 (55%) 87 (59%)
Previous myocardial infarction 6 (55%) 52 (35%)
Coronary artery disease 9 (82%) 74 (50%) <.05
Arterial hypertension 7 (64%) 78 (53%)
Diabetes mellitus 2 (19%) 24 (16%)
Smoker 0 (0%) 43 (29%) <.05
Dyslipidemia 4 (36%) 44 (30%)
Family history 2 (18%) 21 (14%)
Ambulance


ECG specific for ischemia 5 (46%) 43 (29%) <.05
At hospital admission


Ischemia ECG at admission 5 (46%) 48 (33%) <.05
Ischemia ECG at 4 hours 7 (64%) 53 (36%) <.05
Ischemia ECG >4 hours 7 (64%) 57 (39%) <.05
Elevated creatine kinase-MB at admission 7 (64%) 4 (3%) <.05
Elevated creatine kinase-MB at 4 hours 7 (64%) 29 (20%) <.05
Elevated creatine kinase-MB >4 hours 7 (64%) 34 (23%) <.05


In-hospital follow-up
Coronary care unit 8 (73%) 45 (31%) <.05
Coronary care unit (d) 4.9 ± 3.6 4.3 ± 4.7


(median 4.5) (median 3.0)
Time in-hospital (d) 23 ± 14 11 ± 11


(median 15) (median 9)
Coronary angiography 5 (46%) 37 (25%)
PTCA 3 (27%) 18 (12%)
CABG surgery 0 (0%) 3 (2%)


ECG, Electrocardiogram; PTCA, percutaneous transluminal coronary angioplasty.


Table I. Comparison of patients with positive and negative prehospital test results







addition, 13 patients, 4 with a positive TnT test
result, died before hospital admission. Twelve
patients with negative TnT test results were dis-
charged before the second TnT test was performed.
Therefore 158 patients with complete data were
included in further evaluation. 


On the basis of hospital discharge analysis acute
myocardial infarction was confirmed in 40 patients with a
peak creatine kinase level of 953 ± 710 U/L and excluded
in 118 patients. In the latter group, 29 had electrocardio-
graphic changes consisting of ST depression (n = 16), T-
wave inversion (n = 8), or both (n = 5). In 53 patients
without electrocardiographic alterations the discharge
diagnoses were coronary heart disease in 17, left ventricu-
lar heart failure in 18, hypertensive crises in 9, rhythm dis-
orders in 6, and neurocardiogenic syncope in 3. Noncar-
diac causes were obstructive lung disease in 6, pain
originating from the backbone in 3, neurologic diseases in
8, and gastrointestinal diseases in 7 patients. No definite
diagnosis could be established in 12 patients. 


Prehospital TnT test
The TnT test result before hospital admission was


positive in 11 patients and negative in 147. The demo-
graphic data are presented in Table I; more detailed
clinical data of the patients with a positive test result
are given in Table II. Sensitivity to detect acute myocar-
dial infarction was 18% (4 with Q-wave and 3 with non-
Q-wave infarction) and specificity was 97%.


The time interval between the onset of chest pain
and the first TnT test could be definitely determined in
6 of 11 patients with a positive test result and in 104 of
147 patients with a negative prehospital result. The
remaining patients reported breathlessness or could not
describe a definite onset. Median time interval from the
onset of chest pain to the first TnT test was longer in
patients with a positive result (355 minutes, range 25 to
4350 minutes) than in patients with a negative result
(72 minutes, range: 3 to 4810 minutes). 


In-hospital TnT test
The second TnT test performed at hospital admission


had a positive result in 53 patients, 39 of whom had
acute myocardial infarction and 14 with unstable
angina. The sensitivity to detect acute myocardial
infarction was 98% and the specificity 88%. The
increase in sensitivity compared with the first TnT test
was highly significant (P < .0001).


Follow-up
A 6-month follow-up was completed for 97% of the


patients. Patients with a positive prehospital TnT test
result had higher death and myocardial infarction rates
than did patients with a negative test result (9 of 11 pos-
itive versus 26 of 147 negative; P < .0001). Of the 9
patients with a positive prehospital TnT test result and a
cardiac event, 5 had an acute myocardial infarction and
4 had unstable angina. The most common cardiac event,
which occurred in 9 patients, was death (Table II). 


The higher frequency of cardiac events in patients
with a first positive TnT test result was observed dur-
ing hospitalization (5 with a positive and 10 with a
negative result; P < .0001) as well as after hospital dis-
charge (4 with a positive result, 16 with a negative test
result; P < .0001).


Discussion
This investigation tested whether TnT detection


before hospital admission has a similar sensitivity and
specificity to identify patients with acute myocardial
infarction as already established for the emergency
department. The study demonstrated the good feasibil-
ity to perform the rapid biochemical test for circulating
TnT in the ambulance. A positive TnT test result at the
point of care, however, detected only a minority of the
patients with acute myocardial infarctions and had a
significantly lower sensitivity than the TnT test at hos-
pital admission. 
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Patient Age (y) Sex History Intervention Diagnosis Death


1 62 Male CAD Thromolysis Non-Q-wave MI
2 71 Male CAD Angiography, PTCA Unstable angina
3 83 Male CAD Angiography Unstable angina During follow-up
4 77 Male CAD Unstable angina In-hospital
5 70 Female CAD Angiography, PTCA Unstable angina During follow-up
6 72 Male CAD Angiography, PTCA Q-wave MI In-hospital
7 91 Female CAD Q-wave MI In-hospital
8 81 Female Thromolysis Q-wave MI During follow-up
9 74 Male Q-wave MI In-hospital


10 84 Female Angiography Q-wave MI
11 86 Female Thromolysis Non-Q-wave MI In-hospital


CAD, Coronary artery disease; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty.


Table II. Clinical data of the 11 patients with a positive prehospital test result







The low sensitivity of the prehospital TnT test may be
related to the short time interval between the onset of
chest pain and the first TnT test in most of the studied
patients. Although TnT levels can rise within 1 hour
after symptom onset, sensitivity for acute myocardial
infarction remains approximately 50% until 3 to 4 hours
after the onset of chest pain.13 With the same rapid
TnT test, sensitivity for acute myocardial infarction was
33% in patients with chest pain <2 hours in duration
and increased to 86% if chest pain had persisted for >8
hours.5 In accordance with these findings, our study
showed a positive prehospital TnT test result more
often in patients with a longer time period since the
onset of chest pain. Moreover, the second test per-
formed within the appropriate time window showed
high sensitivity for detection of acute myocardial infarc-
tion. The low sensitivity of the prehospital TnT test
may be additionally caused by the use of a rapid TnT
test, which is no longer available. This assay is replaced
by a test with a lower limit (about 0.08 ng/mL) for a
positive result. The positivity rates for TnT may be
somewhat different with this newer test strip. Another
reason for the low sensitivity may be the conservative
definition for acute myocardial infarction related to
total creatine kinase and creatine kinase-MB level >6%
instead of newer index criteria.


The second finding of this study was that patients
with a positive prehospital TnT test result had cardiac
events more often during follow-up than patients with
a negative test result. In addition, patients with a posi-
tive first TnT test result were mainly older and often
had a prolonged time interval between the onset of
chest pain and the point of medical care. More frequent
referral to the coronary care unit makes the selection of
patients with more severe coronary heart disease also
evident. Because these variables depend on each other,
no post hoc statistical and match-paired analysis could
separate the positive prehospital TnT test result as an
independent variable. 


Clinical impact
In geographic areas providing short transport times


the rapid TnT test performed at the point of care rarely
identifies patients with acute myocardial infarction. The
optimal and cost-effective time for the first TnT test in
these patients seems to be after hospital admission
when >2 to 3 hours after the onset of chest pain have


elapsed. Because the prehospital TnT test result is an
objective marker to identify patients with a worse out-
come, the test may help in early patient triage: for
example, if transport time to the next hospital, such as
in a rural area, is long. 
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A bs tr ac t


Background


Gastrointestinal complications are an important problem of antithrombotic therapy. 
Proton-pump inhibitors (PPIs) are believed to decrease the risk of such complica-
tions, though no randomized trial has proved this in patients receiving dual anti-
platelet therapy. Recently, concerns have been raised about the potential for PPIs to 
blunt the efficacy of clopidogrel.


Methods


We randomly assigned patients with an indication for dual antiplatelet therapy to 
receive clopidogrel in combination with either omeprazole or placebo, in addition 
to aspirin. The primary gastrointestinal end point was a composite of overt or oc-
cult bleeding, symptomatic gastroduodenal ulcers or erosions, obstruction, or per-
foration. The primary cardiovascular end point was a composite of death from 
cardiovascular causes, nonfatal myocardial infarction, revascularization, or stroke. 
The trial was terminated prematurely when the sponsor lost financing.


Results


We planned to enroll about 5000 patients; a total of 3873 were randomly assigned 
and 3761 were included in analyses. In all, 51 patients had a gastrointestinal event; 
the event rate was 1.1% with omeprazole and 2.9% with placebo at 180 days (hazard 
ratio with omeprazole, 0.34, 95% confidence interval [CI], 0.18 to 0.63; P<0.001). 
The rate of overt upper gastrointestinal bleeding was also reduced with omeprazole 
as compared with placebo (hazard ratio, 0.13; 95% CI, 0.03 to 0.56; P = 0.001). A total 
of 109 patients had a cardiovascular event, with event rates of 4.9% with omepra-
zole and 5.7% with placebo (hazard ratio with omeprazole, 0.99; 95% CI, 0.68 to 
1.44; P = 0.96); high-risk subgroups did not show significant heterogeneity. The two 
groups did not differ significantly in the rate of serious adverse events, though the 
risk of diarrhea was increased with omeprazole.


Conclusions


Among patients receiving aspirin and clopidogrel, prophylactic use of a PPI reduced 
the rate of upper gastrointestinal bleeding. There was no apparent cardiovascular 
interaction between clopidogrel and omeprazole, but our results do not rule out a 
clinically meaningful difference in cardiovascular events due to use of a PPI. (Fund-
ed by Cogentus Pharmaceuticals; ClinicalTrials.gov number, NCT00557921.)
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On the basis of data from several 
studies, clopidogrel has become the sec-
ond most commonly used prescription 


drug worldwide.1-9 Gastrointestinal hemorrhage 
is the most common serious bleeding complica-
tion from the use of long-term antiplatelet thera-
py.10,11 Data from randomized studies support 
the concept that therapies reducing acidity de-
crease gastrointestinal complications of anti-
platelet therapy involving aspirin, though the data 
are largely based on endoscopic end points; ob-
servational data also support this effect.12-16 
Randomized, controlled trials have shown that 
proton-pump inhibitors (PPIs) reduce the rate of 
recurrent gastrointestinal bleeding in high-risk 
patients receiving aspirin.17 Observational stud-
ies, however, have suggested that there may be 
an interaction between clopidogrel and PPIs that, 
if real, could have significant clinical effects.18,19 
These studies have been bolstered by results of ex 
vivo analyses, many of which have shown inhibi-
tion of the antiplatelet effect of clopidogrel by 
PPIs, omeprazole most consistently.20-22 In addi-
tion, genetic polymorphisms have been identified 
that could affect the response to clopidogrel and, 
at least theoretically, could increase the likeli-
hood of drug interactions mediated by cytochrome 
P-450.23-27 A number of other observational stud-
ies, however, did not show an interaction be-
tween clopidogrel and PPIs.28,29 Given the con-
flicting data regarding a possible interaction, the 
optimal care of patients who require concomi-
tant therapy with clopidogrel and PPIs remains 
uncertain.30-34


We initiated the Clopidogrel and the Optimi-
zation of Gastrointestinal Events Trial (COGENT) 
to assess the efficacy and safety of concomitant 
administration of clopidogrel and PPIs in pa-
tients with coronary artery disease who are re-
ceiving clopidogrel plus aspirin.


Me thods


Study Conduct


The trial was designed by an academic steering 
committee (see the Supplementary Appendix, 
available with the full text of this article at NEJM 
.org) and the sponsor, Cogentus Pharmaceuti-
cals. The steering committee was responsible for 
the overall leadership of the trial. A clinical re-
search organization, Parexel, performed the data 
management and site monitoring. Randomiza-


tion was performed centrally with the use of an 
interactive voice-response system before the ini-
tiation of study treatment. Parexel generated the 
randomization sequence. All sites operated un-
der approval from institutional review boards or 
ethics committees, and all patients gave written 
informed consent to participate in the trial. The 
study was conducted according to the study pro-
tocol (available at NEJM.org). At the conclusion 
of the trial, the full database was transferred to 
an academic principal investigator. The analyses 
were performed independently of the sponsor, by 
two academic authors. An academic principal in-
vestigator prepared the first draft of the manu-
script, which was then reviewed and edited by 
the academic steering committee and other au-
thors; all the academic authors made the deci-
sion to submit the paper for publication. There 
was no agreement made regarding confidential-
ity of the data between the sponsor and the aca-
demic authors or their institutions. The sponsor 
did not have the right to approve the final manu-
script. The academic principal investigators vouch 
for the accuracy and integrity of the analyses and 
interpretation of the data.


The initial planned sample size was 3200 
patients, with an accrual period of 1 year and a 
maximum follow-up period of 2 years. The tar-
get sample size was increased to 4200 and then 
to 5000 to ensure an adequate number of gastro-
intestinal events. The study was designed to end 
once 143 gastrointestinal events had occurred; 
however, the study ended prematurely, when the 
sponsor suddenly and unexpectedly lost its finan-
cial backing; the sponsor is now defunct.


Patients


COGENT was an international, randomized, 
double-blind, double-dummy, placebo-controlled, 
parallel-group, phase 3 study of the efficacy and 
safety of CGT-2168, a fixed-dose combination of 
clopidogrel (75 mg) and omeprazole (20 mg), as 
compared with clopidogrel alone. Randomiza-
tion was performed with the use of stratified 
permuted blocks. Stratification was based on 
two baseline factors: serologic findings for Heli-
cobacter pylori (positive or negative) and concomi-
tant use (vs. nonuse) of any nonaspirin nonsteroi-
dal antiinflammatory drug (NSAID), including 
agents selective or nonselective for cyclooxygen-
ase-2. All patients were to receive enteric-coated 
aspirin at a dose of 75 to 325 mg daily. Blinded 
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study kits and open-label enteric-coated aspirin 
were supplied by Parexel to the investigators.


Patients were eligible if they were 21 years of 
age or older and if the use of clopidogrel therapy 
with concomitant aspirin was anticipated for at 
least the next 12 months, including patients 
presenting with an acute coronary syndrome or 
undergoing placement of a coronary stent. Pa-
tients were enrolled at 393 sites in 15 countries 
from January 2008 through December 2008.


Hospitalized patients for whom discharge 
within 48 hours after randomization was not 
anticipated were excluded from the study. Addi-
tional exclusion criteria were the need for short-
term or long-term use of a PPI, an H2-receptor 
antagonist, sucralfate, or misoprostol; preexist-
ing erosive esophagitis or esophageal or gastric 
variceal disease or previous nonendoscopic gastric 
surgery; receipt of clopidogrel or another thieno-
pyridine for more than 21 days before random-
ization; receipt of oral anticoagulation therapy 
that could not be safely discontinued for the dura-
tion of the study; or recent fibrinolytic therapy.


End Points


The prespecified primary gastrointestinal effi-
cacy end point was the time from randomization 
to the first occurrence of a composite of upper 
gastrointestinal clinical events: overt bleeding of 
gastroduodenal origin (confirmed by means of 
upper endoscopy or radiography), overt upper 
gastrointestinal bleeding of unknown origin, 
bleeding of presumed occult gastrointestinal ori-
gin with a documented decrease in hemoglobin 
of 2 g per deciliter or more or in the hematocrit 
by 10% or more from the baseline value, symp-
tomatic uncomplicated gastroduodenal ulcer (con-
firmed by means of endoscopy or radiography), 
persistent pain of presumed gastrointestinal ori-
gin with a duration of 3 days or more and with 
five or more gastroduodenal erosions (confirmed 
by means of endoscopy), obstruction, or perfora-
tion. The time from randomization to the first 
occurrence of gastroesophageal reflux disease, 
as evidenced by symptomatic, endoscopically con-
firmed erosive esophagitis, was a predefined sec-
ondary end point. Adjudication of gastrointesti-
nal events was performed by an independent 
committee of gastroenterologists who were un-
aware of the study-drug assignments.


The prespecified primary cardiovascular safe-
ty end point was the composite of death from 


cardiovascular causes, nonfatal myocardial in-
farction, coronary revascularization, or ischemic 
stroke. There was no a priori sample-size calcu-
lation or explicit noninferiority hypothesis for the 
cardiovascular end point. Adjudication of cardio-
vascular events was performed by an independent 
committee of cardiologists who were unaware of 
the study-drug assignments. Nongastrointestinal 
bleeding events were also recorded and adjudi-
cated.


Statistical Analysis


Medians and interquartile ranges are reported 
for continuous variables, and counts and per-
centages for categorical variables. Analyses of 
time-to-event variables were performed with the 
use of log-rank statistics, Kaplan–Meier survival 
curves, and Cox proportional-hazards models. 
The two major stratification variables were in-
cluded in the models. These analyses were per-
formed on data for the adjudicated events and 
secondarily on data for the events ascertained by 
the site investigators: the gastrointestinal com-
posite event, the cardiovascular composite event, 
myocardial infarction, and revascularization. Oth-
er end points were analyzed descriptively. Kaplan–
Meier event rates were calculated at 180 days, 
covering approximately 85% of the total follow-
up period. Hazard ratios with 95% confidence 
intervals are reported. Given the premature ter-
mination of the trial, two academic authors 
separately analyzed the database and reconciled 
any discrepancies. All tests were two-sided. P 
values of less than 0.05 were considered to indi-
cate statistical significance. Analyses were per-
formed with the use of Stata software, version 
9.2, and R software, version 2.92 (R Develop-
ment Core Team, 2009).


R esult s


Study Participants


A total of 4444 patients were screened for inclu-
sion in the study (Fig. 1 in the Supplementary 
Appendix). Of these patients, 3873 underwent 
randomization and 571 did not. A total of 3761 
patients were included in analyses: 1876 in the 
omeprazole group and 1885 in the placebo group. 
The median duration of follow-up was 106 days, 
with a maximum of 341 days (interquartile range, 
55 to 166). The two study groups were well 
matched with respect to baseline characteristics 
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(Table 1). The study population represented pa-
tients at elevated risk for death from cardiovascu-
lar causes, with over a quarter having a history of 
myocardial infarction. The rate of study-drug 
compliance ([number of pills given – number of 
pills taken] ÷ number of pills given) was 84.5% in 
the omeprazole group and 83.3% in the placebo 
group (P = 0.25).


Gastrointestinal Outcomes


There were 55 adjudicated gastrointestinal events, 
with 47 patients having a single event and 4 pa-
tients having two events. A total of 51 first gastro-
intestinal events were included in the time-to-event 
analyses. The event rate, based on Kap lan–Meier 
analysis, for the primary gastrointestinal end point 
was reduced from 2.9% with placebo to 1.1% 


Table 1. Baseline Characteristics of the Patients, According to Study Treatment.*


Characteristic Omeprazole Placebo


Age — yr†


Median 68.5 68.7


Interquartile range 60.7–74.4 60.6–74.7


Male sex — no./total no. (%) 1255/1876 (66.9) 1308/1883 (69.5)


White race — no./total no. (%)§ 1754/1875 (93.5) 1769/1883 (93.9)


Body-mass index‡


Median 28.4 28.3


Interquartile range 25.5–31.9 25.5–32.0


Negative for Helicobacter pylori — no./total no. (%) 980/1876 (52.2) 974/1885 (51.7)


NSAID use — no./total no. (%) 160/1876 (8.5) 164/1885 (8.7)


Cardiovascular history — no./total no. (%)


PCI 1334/1861 (71.7) 1331/1863 (71.4)


ACS 782/1855 (42.2) 792/1861 (42.6)


MI 566/1855 (30.5) 531/1861 (28.5)


PAD 223/1855 (12.0) 223/1861 (12.0)


Stroke 136/1855 (7.3) 151/1861 (8.1)


Other vascular disease 916/1855 (49.4) 948/1861 (50.9)


Cardiovascular risk factors — no./total no. (%)


Hypertension 1497/1869 (80.1) 1526/1874 (81.4)


Diabetes 593/1869 (31.7) 536/1875 (28.6)


Hypercholesterolemia 1478/1869 (79.1) 1446/1875 (77.1)


Other 772/1868 (41.3) 756/1872 (40.4)


Current smoking — no./total no. (%) 234/1868 (12.5) 265/1877 (14.1)


Current alcohol use — no./total no. (%) 992/1876 (52.9) 961/1885 (51.0)


History of GI bleeding or ulcer — no./total no. (%) 78/1876 (4.2) 77/1885 (4.1)


Medications at study entry — no./total no. (%)


Aspirin 1111/1876 (59.2) 1119/1885 (59.4)


Statin 1274/1876 (67.9) 1254/1885 (66.5)


Clopidogrel 1300/1876 (69.3) 1300/1885 (69.0)


* ACS denotes acute coronary syndrome, GI gastrointestinal, MI myocardial infarction, NSAID nonsteroidal antiinflam-
matory drug, PAD peripheral artery disease, and PCI percutaneous coronary intervention.


† Data for age were missing for two patients in the omeprazole group and for one patient in the placebo group.
‡ Data for the body-mass index (the weight in kilograms divided by the square of the height in meters) were missing for 


35 patients in the omeprazole group and for 34 patients in the placebo group.
§ Race was reported by the investigator.


The New England Journal of Medicine 
Downloaded from www.nejm.org by BENJAMIN STEINBERG on October 14, 2010. For personal use only. No other uses without permission. 


From the NEJM Archive Copyright © 2010 Massachusetts Medical Society. 







Clopidogrel and Omepr azole in Coronary Disease


10.1056/nejmoa1007964  nejm.org 5


with omeprazole at 180 days after randomization 
(P<0.001 by the log-rank test) (Fig. 1). The hazard 
ratio derived from the Cox model was 0.34 (95% 
confidence interval [CI], 0.18 to 0.63; P<0.001). 
There were no significant interactions among sub-
groups or according to the stratification vari-
ables: presence versus absence of H. pylori (P = 0.47 
for interaction) and use versus nonuse of an 
NSAID (P = 0.97 for interaction) (Fig. 2 in the 
Supplementary Appendix). There was a border-
line significant interaction on the basis of sex 
(P = 0.05 for interaction).


Event rates for individual components of the 
composite gastrointestinal end point are listed 
in Table 2. Significant differences were seen be-
tween the omeprazole group and the placebo 
group with regard to overt gastroduodenal bleed-
ing (hazard ratio with omeprazole, 0.12) and overt 
upper gastrointestinal bleeding of unknown ori-
gin (hazard ratio, 0.13). The rate of the compos-
ite end point of overall (overt and occult) clinical 
gastrointestinal bleeding was also reduced with 
omeprazole as compared with placebo (hazard 
ratio, 0.30; 95% CI, 0.13 to 0.66; P = 0.001), as was 
the rate of the composite end point of overt gas-
troduodenal bleeding or overt upper gastrointes-
tinal bleeding of unknown origin: from 1.2% in 
the placebo group (occurring in 15 of 1885 pa-
tients) to 0.2% (occurring in 2 of 1876 patients) 
(hazard ratio with omeprazole, 0.13; 95% CI, 
0.03 to 0.56; P = 0.001). The number of patients 
who would need to be treated for 6 months to 
prevent one occurrence of an event that was part 
of the primary gastrointestinal end point was 
55, and the number needed to treat to prevent 
one occurrence of overt gastrointestinal bleeding 
was 98. There was also a significant reduction in 
the number of patients with investigator-defined 
gastrointestinal events with ome p ra zole (39 pa-
tients) as compared with placebo (68 patients) 
(hazard ratio with omeprazole, 0.57; 95% CI, 0.38 
to 0.84; P = 0.005). The rate of symptoms of gastro-
esophageal reflux disease at 180 days was 0.2% in 
the omeprazole group and 1.2% in the placebo 
group (hazard ratio, 0.22; 95% CI, 0.06 to 0.79; 
P = 0.01). There was one case of gastrointestinal 
obstruction in each of the two groups, with no 
perforations in either group.


Cardiovascular and Other Outcomes


There were 109 adjudicated cardiovascular events 
(54 in the placebo group and 55 in the omepra-


zole group), with no significant difference in the 
rate of the primary cardiovascular end point be-
tween the two groups (P = 0.98 by the log-rank 
test) (Fig. 2). The event rate at 180 days after ran-
domization was 5.7% in the placebo group and 
4.9% in the omeprazole group (hazard ratio with 
omeprazole, 0.99; 95% CI, 0.68 to 1.44; P = 0.96).


Analysis of subgroups of patients with vari-
ous forms of vascular disease, including previ-
ous myocardial infarction, did not show signifi-
cant heterogeneity (Fig. 3 in the Supplementary 
Appendix). Nor did the overall results differ sig-
nificantly on the basis of serologic data regard-
ing H. pylori or concomitant NSAID use (P = 0.42 
and P = 0.68, respectively, for interaction). The 
rates of individual components of the cardiovas-
cular end point did not differ significantly be-
tween the two groups (Tables 2 and 3). There 
were two cases of definite or probable stent throm-
bosis in the placebo group and none in the 
omeprazole group. No significant difference 
was found between the two groups in the num-
ber of patients with investigator-defined cardio-
vascular events with omeprazole (61 patients) as 
compared with placebo (58 patients) (hazard ratio 
with omeprazole, 1.03; 95% CI, 0.72 to 1.47; 
P = 0.89).


The rate of adjudicated nongastrointestinal 
bleeding events did not differ significantly be-
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Figure 1. Kaplan–Meier Estimates of the Probability of Remaining Free 
of Primary Gastrointestinal Events, According to Study Group.


The event rate for the primary gastrointestinal end point at day 180 was 
1.1% in the omeprazole group and 2.9% in the placebo group.
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tween the omeprazole group (0.5%) and the pla-
cebo group (0.1%) (hazard ratio with omeprazole, 
2.32; 95% CI, 0.60 to 8.98; P = 0.21).


Adverse Events


The rate of serious adverse events did not differ 
significantly between the two groups (10.1% with 
omeprazole and 9.4% with placebo, P = 0.48), nor 
did the rate of overall adverse events (41.3% and 
42.8%, respectively; P = 0.33). Diarrhea was re-
ported in 3.0% of patients receiving omeprazole, 
as compared with 1.8% of those receiving place-
bo (P = 0.01). No patient had diarrhea caused by 
infection with Clostridium difficile. There were no 
newly diagnosed cases of osteoporosis. One case 
of peripheral neuropathy was reported in the pla-
cebo group. There were no significant differenc-
es between the two groups in the rates of pneu-
monia, headache, nausea, anemia, or fracture.


Discussion


We found a significant reduction in the risk of 
gastrointestinal clinical events, including overt 


upper gastrointestinal bleeding, in patients re-
ceiving dual antiplatelet therapy who were ran-
domly assigned to also receive a PPI. Further-
more, our prospective, double-blind, randomized 
trial did not show any significant increases in the 
risk of cardiovascular events with concomitant 
use of clopidogrel and omeprazole, a finding that 
was consistent even in high-risk subgroups and 
for individual end points. Although previous ob-
servational studies have yielded conflicting re-
sults in this regard, the current study reveals no 
signal of harm from concomitant clopidogrel 
and PPI use.


Gastrointestinal bleeding is an important po-
tential complication of antithrombotic therapy. 
Previous randomized studies have shown that 
prophylactic use of PPIs and H2-receptor antago-
nists reduces the risk of endoscopically ascer-
tained ulcers in patients receiving aspirin.13,14 
These trials, however, have not been powered to 
evaluate clinical gastrointestinal events, nor have 
they assessed the potential benefit for patients 
receiving combination antiplatelet therapy. Trials 
showing the value of PPIs in preventing recur-


Table 2. Event Rates for Primary Composite End Points and Their Individual Components at 180 Days after 
Randomization, According to Study Treatment.*


Event
Omeprazole 
(N = 1876)


Placebo 
(N = 1885) Event Rate (95% CI)


Log-Rank 
P Value


Omeprazole Placebo


no. of patients with event


Composite of GI events 13 38 1.1 (0.4–1.8) 2.9 (1.9–3.9) <0.001


Overt gastroduodenal bleeding 1 8 0.1 (0.0–0.3) 0.6 (0.1–1.0) 0.03


Overt upper GI bleeding of unknown  
origin


1 7 0.1 (0.0–0.3) 0.6 (0.1–1.1) 0.03


Occult bleeding 6 11 0.6 (0.0–1.2) 0.8 (0.3–1.3) 0.21


GI pain with underlying multiple erosive  
diseases


3 8 0.2 (0.0–0.4) 0.7 (0.1–1.3) 0.05


Symptomatic gastroduodenal ulcer 2 6 0.1 (0.0–0.2) 0.2 (0.0–0.5) 0.27


Cardiovascular event 55 54 4.9 (3.4–6.4) 5.7 (4.0–7.3) 0.98


Myocardial infarction 14 15 1.2 (0.5–2.0) 1.5 (0.6–2.4) 0.83


Revascularization 42 45 4.0 (2.6–5.4) 4.6 (3.1–6.1) 0.70


Stroke 4 2 0.2 (0.0–0.5) 0.3 (0.0–0.7) 0.43


Death from cardiovascular causes 5 3 0.4 (0.0–0.7) 0.3 (0.0–0.8) 0.49


Death from any cause 5 5 0.4 (0.0–0.7) 0.5 (0.0–1.1) 1.00


* GI denotes gastrointestinal.
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rent gastrointestinal bleeding have been con duct-
ed in populations at high risk for gastrointesti-
nal bleeding.17 Our trial, in which the study 
population was at least 10 times as large as those 
in previous randomized studies and was not se-
lected to represent high-risk patients, showed a 
significant reduction in clinically manifested 
gastrointestinal bleeding events, including overt 
bleeding, with a PPI as compared with placebo. 
The number needed to treat would most likely be 
lower for a patient population at higher gastro-
intestinal risk than our study population.


Newer, more potent antiplatelet agents are 
entering the clinical arena.35-40 Nevertheless, re-
search into clopidogrel remains important, given 
that it has a wide range of uses and that the 
generic form is already available in certain parts 
of the world and may be more widely available 
relatively soon. In addition, studies with higher 
doses of clopidogrel are ongoing. Therefore, 
evaluation of possible drug interactions with 
clopidogrel remains important.


The fact that several (though not all) studies 
have shown that PPIs blunt the antiplatelet effect 
of clopidogrel, even though there does not ap-
pear to be any significant clinical interaction 
between the drugs, also calls into question the 
use of ex vivo antiplatelet testing to alter clinical 
therapy.28 Ex vivo platelet assays have already 
been shown to be potentially misleading, particu-
larly for assessing drug interactions. For exam-
ple, initial concerns about ex vivo manifesta-
tions of clopidogrel–statin interactions were not 
borne out in clinical studies.41,42 Further work in 
the evolving area of platelet-function assays is 
clearly necessary. The potential for observational 
studies to be misleading is also worth noting.


There are limitations to our analysis. First, 
since the trial was terminated prematurely, its 
power is limited, owing to a smaller number of 
events than had been anticipated. Second, be-
cause the confidence interval around the hazard 
ratio for cardiovascular events is wide, the ab-
sence of interaction between clopidogrel and 
omeprazole cannot be viewed as a definitive 
finding. Given that 94% of the population was 
white, the expected prevalence of homozygosity 
for the loss-of-function cytochrome P-450 gene 
CYP2C19 was 2 to 3%, and in homozygous pa-
tients, PPIs may further reduce the level of the 
active metabolite of clopidogrel to a degree that 


does indeed blunt the effectiveness of clopido-
grel. A much larger study involving genotyping 
would be necessary to determine whether this 
is the case. Nevertheless, with respect to the 
cardiovascular safety end point, a greater num-
ber of patients than initially planned were en-
rolled, and though the follow-up period was 
truncated, the risk of cardiovascular events 
would be expected to be greatest soon after the 
onset of an acute coronary syndrome or percuta-
neous coronary intervention. The absence of an 
effect on nongastrointestinal bleeding also sup-
ports the absence of an interaction between 
clopidogrel and omeprazole, since if PPIs dimin-
ish the antiplatelet effect of clopidogrel, they 
should also decrease the rate of nongastrointes-
tinal bleeding.


An additional limitation of the study is that 
the single-pill formulation we used differs from 
generic omeprazole with respect to its release 
kinetics. Finally, this study was not designed to 
detect any differences among PPIs with respect 
to a possible interaction, though the PPI most 
commonly and consistently implicated in ex vivo 
studies has been omeprazole.21,43


In conclusion, our randomized assessment of 
PPIs versus placebo in patients with coronary 
artery disease who were receiving dual antiplate-
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Figure 2. Kaplan–Meier Estimates of the Probability of Remaining Free 
of Primary Cardiovascular Events, According to Study Group.


The event rate for the primary cardiovascular end point at day 180 was 4.9% 
in the omeprazole group and 5.7% in the placebo group.
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let therapy provides reassurance that there is no 
clinically significant cardiovascular interaction 


between PPIs and clopidogrel, whereas there is a 
significant reduction in gastrointestinal bleed-
ing with PPI use as compared with placebo. 
Further research will be necessary to determine 
the optimal approach to reducing the risk of 
gastrointestinal adverse events among patients 
receiving potent antithrombotic therapy, but pro-
phylactic proton-pump inhibition appears to be 
promising.


Supported by Cogentus Pharmaceuticals.
Disclosure forms provided by the authors are available with 


the full text of this article at NEJM.org.


Table 3. Hazard Ratios for Treatment with Omeprazole, versus Placebo, 
from Cox Proportional-Hazards Modeling.


Event Hazard Ratio (95% CI) P Value


Composite of gastrointestinal events 0.34 (0.18–0.63) <0.001


Composite of cardiovascular events 0.99 (0.68–1.44) 0.96


Myocardial infarction 0.92 (0.44–1.90) 0.81


Revascularization 0.91 (0.59–1.38) 0.64
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The Randomised Assessment of Treatment using
Panel Assay of Cardiac Markers (RATPAC) trial:
a randomised controlled trial of point-of-care cardiac
markers in the emergency department


Steve W Goodacre,1 Mike Bradburn,1 Elizabeth Cross,1 Paul Collinson,2


Alasdair Gray,3 Alistair S Hall,4 on behalf of the RATPAC Research Team*


ABSTRACT
Objectives To determine whether using a point-of-care
cardiac biomarker panel would increase the rate of
successful discharge home after emergency department
assessment, and affect the use of cardiac tests and
treatments, subsequent attendance at or admission to
hospital and major adverse events.
Design and Setting Pragmatic multicentre randomised
controlled trial in six acute hospitals in the UK.
Participants Patients attending with acute chest pain
due to suspected myocardial infarction (N¼2243).
Interventions Diagnostic assessment using a point-of-
care biomarker panel consisting of creatine kinase,
myocardial type, myoglobin and troponin I measured at
baseline and 90 min compared with standard care
without the point-of-care panel.
Main Outcome Measures The primary outcome was
successful discharge home, defined as having left
hospital or awaiting transport home by 4 h after
attendance and no major adverse events up to 3 months.
Secondary outcome measures included length of stay,
use of coronary care, cardiac interventions and inpatient
beds, emergency department attendances, subsequent
admissions, outpatient visits and major adverse events.
Results Point-of-care panel assessment was associated
with an increased rate of successful discharge (358/
1125 (32%) vs 146/1118 (13%); OR 3.81, 95% CI 3.01 to
4.82; p<0.001), reduced median length of initial hospital
stay (8.8 vs 14.2 h; p<0.001) and greater use of
coronary care (50/1125 (4.0%) vs 31/1118 (3.0%);
p¼0.041), but no difference in mean length of initial stay
(29.6 vs 31.7 h; p¼0.462), mean inpatient days over
follow-up (1.8 vs 1.7; p¼0.815) or major adverse events
(36 (3%) vs 26 (2%); OR 1.31, 95% CI 0.78 to 2.20;
p¼0.313).
Conclusions Point-of-care panel assessment increases
successful discharge home and reduces median length
of stay, but does not alter overall hospital bed use.
Trial registration Current controlled trials
ISRCTN37823923.


The rise in hospital admissions has recently been
described as a problem that ‘threatens bankruptcy
for the NHS’.1 Chest pain is responsible for approx-
imately a quarter of emergency hospital admissions2


and recent developments are adding to the problem.
The main reason for hospital attendance is the
possibility of acute myocardial infarction. Recent
public information campaigns have encouraged


patients to call for an emergency ambulance if they
have acute chest pain. However, current recom-
mendations suggest that diagnosis requires testing
with a troponin sample taken 10e12 h after their
symptom onset.3 4 This approach requires many
patients to be unnecessarily admitted to hospital
until the time delay has elapsed, thus incurring
additional health service costs and inconvenience for
patients.
It has been suggested that the cardiospecificity of


troponin measurement should be combined with
other biomarkers that are released earlier to facili-
tate rapid diagnosis. Combined measurement of
cardiac troponin, myoglobin and the MB isoenzyme
of creatine kinase (myocardial type; CK-MB) as
a cardiac panel has been proposed as a way
combining early and later markers. Recently devel-
oped sensitive troponin assays may further improve
the early sensitivity of diagnostic testing,5 6 thus
allowing the rapid rule-out of myocardial infarction
and avoidance of admission, although this has yet
to be tested in practice.
Point-of-care testing can substantially reduce


turnaround time and allow rapid provision of
results to the emergency department. The combi-
nation of cardiac troponin, CK-MB and myoglobin
measured by point-of-care testing at baseline and
90 min later has been widely evaluated and used.
Diagnostic cohort studies of this combination
report high sensitivity for myocardial infarction7e14


and before-and-after intervention studies suggest
its use can reduce turnaround times10 and coronary
care unit admissions.11 However, there have been
no randomised controlled trials of this diagnostic
strategy to determine reliably whether it can
change patient management and reduce hospital
admissions.
Although point-of-care cardiac marker panels


have clear theoretical benefits, pragmatic evaluation
is required to determine whether the rapid avail-
ability of accurate diagnostic information leads to
changes in clinical decision-making and patient
management. The Randomised Assessment of
Treatment using Panel Assay of Cardiac markers
(RATPAC) trial aimed to measure the effect of
using a point-of-care cardiac marker panel upon
discharge home after emergency department
assessment, use of coronary and intensive care and
cardiac treatments, subsequent re-attendance at
and/or re-admission to hospital and major adverse
events.
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METHODS
We undertook a pragmatic randomised controlled trial of
a point-of-care cardiac marker panel in the management of
patients with suspected, but not confirmed, myocardial infarc-
tion in six emergency departments in the UK: Barnsley District
General Hospital, Derriford Hospital (Plymouth), Edinburgh
Royal Infirmary, Frenchay Hospital (Bristol), Leeds General
Infirmary and Leicester Royal Infirmary. We selected hospitals
that would provide a diverse range of settings, were able to
support point-of-care testing in the emergency department, did
not already use a point-of-care cardiac marker panel and were
able to support emergency care research. Research nurses or
emergency department staff screened all patients with chest
pain and excluded those with electrocardiogram (ECG) changes
for myocardial infarction or high-risk acute coronary syndrome
(>1 mm ST deviation or >3 mm inverted T waves), known
coronary heart disease (CHD) presenting with prolonged (>1 h)
or recurrent episodes of cardiac-type pain, confirmed or
suspected serious non-coronary pathology (eg, pulmonary
embolus), co-morbidity or social problems that require hospital
admission, an obvious non-cardiac cause (eg, pneumothorax or
muscular pain), more than 12 h since their most significant
episode of pain, previous participants, those unable to under-
stand the trial information and those unwilling to consent.
Research nurses recorded details of all excluded patients during
every fourth week of the trial.


Research nurses or emergency department staff provided trial
information and obtained written consent. Participants were
then randomly allocated to receive either: (1) diagnostic assess-
ment using the point-of-care biomarker panel; or (2) standard
care without the panel, according to a simple randomisation
sequence, stratified by centre, generated by the Nottingham
Clinical Trials Unit and accessed through a secure website. The
allocated treatment group was only revealed after the partici-
pant’s details were entered, written consent was confirmed and
the participant irrevocably entered into the trial.


Patients in the intervention arm received testing with the
point-of-care panel, while all other tests and treatments were
available as normal. RATPAC was a pragmatic trial so the point-
of-care test was provided with a recommended protocol for use
but management decisions were ultimately at the discretion of
the clinical staff and all other diagnostic tests and the use of
laboratory blood tests in the control group were at the discretion
of the clinical staff. Awareness of the intervention was essential
to its implementation so there was no attempt to blind clinical
staff, patients or carers to the allocated treatment group.


The point-of-care cardiac marker panel comprised CK-MB
(mass), myoglobin and troponin I, measured at presentation and
90 min later, using the Siemens Stratus CS analyser (Siemens
Healthcare Diagnostics, Frimley, UK).15 The analytical charac-
teristics of the assays were as follows: troponin I detection limit
0.02 mg/l, analytical range 0.02e50 mg/l, interassay coefficient of
variation (CV) 4.3e5.1% (0.03e0.22 mg/l). The 99th centile of
the assay is 0.07 mg/l. Myoglobin: detection limit 1 mg/l;
analytical range 1e900 mg/l; interassay CV 1.9e12.7%
(56e308 mg/l); 95% reference interval, men 21 to 98 mg/l,
women 19 to 56 mg/l, combined 20 to 82 mg/l. CK-MB: detection
limit 0.3 mg/l; analytical range 0.3e150 mg/l; interassay CV
0.15e1.27% (3.7e39.3 mg/l); 95% reference interval 0.6 to
3.5 mg/l.


Clinical staff were trained to use the test and given guidance
in interpretation of the results. We provided guidance that
advised a first panel test immediately after initial emergency


department assessment and a second panel test 90 min later.
Initially the guidance recommended hospital admission if any
troponin level exceeded 0.02 mg/l, if any CK-MB level exceeded
5 mg/l, if the CK-MB gradient exceeded 1.6 mg/l or if the
myoglobin gradient exceeded 25% of the initial level. The
troponin threshold was amended during the trial in the light of
recommendations that the 99th percentile should be used as
a diagnostic threshold for myocardial infarction to recommend
admission if either sample level exceeded 0.07 mg/l or if the first
sample was less than 0.03 mg/l and the second was between 0.03
and 0.07 mg/l.
The standard care group was managed without point-of-care


testing, according to existing guidance at each hospital. One
hospital used a troponin T assay with a diagnostic threshold of
less than 0.01 mg/l measured 6 h after worst symptoms, whereas
the other hospitals used troponin I assays with a diagnostic
threshold ranging from less than 0.05 to less than 0.2 mg/l
measured at 12 h after worst symptoms. Two hospitals
admitted patients to an inpatient ward, one to a medical
assessment unit and three to a clinical decision unit.
The primary outcome was the proportion of patients


successfully discharged home after emergency department
assessment, ie, discharged and having no adverse event (as
defined below) during the following 3 months. To be defined as
discharged the patient had to have left the hospital by 4 h after
arrival or be awaiting transport home from hospital with
a discharge decision made. This outcome was chosen because
hospital admission is inconvenient for the patient and costly for
the health service, so reducing the probability of admission
would represent a meaningful benefit from rapid diagnostic
testing. The 4-h time limit was chosen because the participating
hospitals were subject to a national target of discharging
patients from the emergency department within 4 h of arrival.
Secondary outcomes included use of the coronary care unit,
cardiac medications and cardiac interventions, re-attendance at
and/or re-admission to hospital over the following 3 months and
adverse events (death, non-fatal myocardial infarction according
to the universal definition,16 emergency revascularisation, life-
threatening arrhythmia or hospitalisation for myocardial
ischaemia). We also measured patient satisfaction, health utility,
healthcare costs and the proportion of patients admitted with
myocardial infarction, although these will be reported elsewhere
(S Goodacre, M Bradburn, P Fitzgerald, et al, submitted January
2010).
Recruiting staff recorded baseline data, the results of initial


assessment and emergency department disposition. Research
nurses then used emergency department and hospital inpatient
notes to record management decisions at initial attendance and
admission, extract resource use data and identify subsequent
hospital attendances or admissions and adverse events up to
3 months. Participants were mailed a questionnaire at 1 and
3 months to identify adverse events and hospital attendances,
health and social care resource use, and measure EQ-5D and
satisfaction with care.
Initial plans were to recruit 3130 participants to the trial.


Previous data suggested that 50% of the routine care group
would be successfully discharged.17 With 1565 evaluable
subjects in each arm the trial would have 80% power to detect
a 5% improvement (to 55% of patients successfully discharged)
at the two-sided significance level of 5%. The same sample size
provided 80% power to detect a reduction from 4% to 2% in
major adverse events, again at the two-sided 5% level of
significance.
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Recruitment was terminated early after the funders declined
a request for additional resources to continue the trial, having
taken into account a conditional power calculation from the
Data Monitoring Committee. This estimated the conditional
power to detect a significant difference in the primary outcome
was greater than 99.9% and the conditional power to detect
a difference in the adverse event rate was less than 10%, thus
suggesting grounds for termination on the basis of futility (ie,
further enrolment would not significantly improve the statis-
tical power).


We analysed the primary outcome through logistic regression,
fitting concurrently with intervention group the effects of
centre, age, gender and past history of CHD to present adjusted
OR along with their corresponding 95% CI. Analysis was on an
intention to treat basis.


RESULTS
We recruited 2263 participants between 30 January 2007 and 2
June 2008. There were a total 2658 hospital-days of recruitment
with a mean of 0.9 patients recruited per hospital per day. Over
667 hospital-days of screening we identified 9109 patients with
chest pain, of whom 1295 (14%) had ECG changes, 1378 (15%)
had known CHD with prolonged or recurrent pain, 724 (8%)
had suspected serious non-CHD pathology, 414 (5%) had co-
morbidities or social problems mandating hospital admission,
2506 (28%) had obvious non-cardiac pain, 465 (5%) had over
12 h since their worst pain, 21 (<1%) had previously partici-
pated, 109 (1%) were unable to understand trial information,
198 (2%) had other exclusion criteria, 240 (3%) had an unknown
reason for exclusion, 40 (<1%) declined consent, 1115 (12%)
were eligible but recruitment was not sought and 604 (7%) were
recruited.


Table 1 shows the baseline characteristics of the study groups
and figure 1 shows the flow of recruited patients through the
trial. Some 140 patients (12.4%) in the point-of-care group did
not receive point-of-care testing as recommended: 34 did not
receive any point-of-care testing, mostly due to problems using
the technology, while the remainder received point-of-care in
combinations other than those recommended. Two patients
(0.2%) in the standard care group received point-of-care testing.


In the point-of-care group 362 patients were initially
discharged (319 had left the emergency department and 43 were
awaiting transport by 4 h), but four re-attended with a major
adverse event, so overall 358/1125 (32%) were successfully
discharged. In the standard care group 147 patients were initially
discharged (134 had left and 13 were awaiting transport), but
one re-attended with a major adverse event, so overall 146/1118
(13%) were successfully discharged. Point-of-care testing was
associated with a significant increase in successful discharge (OR
3.81, 95% CI 3.01 to 4.82; p<0.001). Figure 2 shows that the
difference in the proportion in hospital lasted until approxi-
mately 24 h after attendance.


Table 2 shows initial care provided in the first 24 h. Patients
receiving point-of-care were more likely to be admitted to the
coronary care unit and receive clopidogrel, whereas patients
receiving standard care were more likely to receive aspirin.


The mean length of the initial hospital stay was 29.6 h in the
point-of-care group and 31.8 h in the standard care group (mean
difference 2.2 h, 95% CI-3.7 to 8.0; p¼0.462 (t-test)). The
median length of initial hospital stay was markedly shorter than
the mean and was shorter in the point-of-care arm: 8.8 h for the
point-of-care group and 14.2 h for the standard care group
(p<0.001, equality-of-medians test).


Table 3 shows the total number of days spent in hospital over
the 3-month follow-up and the number of days spent on the
coronary care or intensive care unit, including the initial hospital
admission. We only recorded an inpatient day if the patient
stayed overnight, so a proportion of patients were recorded as
having no inpatient days if their initial hospital visit did not
result in an overnight stay and they were not admitted on
a subsequent occasion. More patients in the point-of-care group
had no inpatient days (54% vs 40%; p<0.001) but there was no
difference in mean inpatient days. Figure 3 shows that these
data are highly skewed with a few patients having many inpa-
tient days. The point-of-care group had more patients with very
long stays. This attenuated the effect on mean inpatient days of
having a greater proportion with no hospital stay. Point-of-care
testing was also associated with a higher use of coronary care
(4% vs 3%), although only a small minority of patients received
any coronary or intensive care.


Table 1 Patient demographics and characteristics


Point-of-care Standard care
(N[1125) (N[1118)


Mean age, years (SD) 54.5 (13.8) 54.6 (14.4)


Median age, years (IQR) 53.4 (44e64) 53.1 (44e64)


Minemax age, years 22, 93 23, 96


Male 683 (61%) 624 (56%)


Female 442 (39%) 494 (44%)


Centre


Barnsley District General Hospital 162 (14%) 164 (15%)


Derriford Hospital, Plymouth 164 (15%) 164 (15%)


Edinburgh Royal Infirmary 228 (20%) 224 (20%)


Frenchay Hospital, Bristol 233 (21%) 231 (21%)


Leeds General Infirmary 173 (15%) 171 (15%)


Leicester Royal Infirmary 165 (15%) 164 (15%)


Past history of CHD


No 985 (88%) 973 (88%)


Yes 132 (12%) 137 (12%)


Previous MI 60 (5%) 65 (6%)


Angina plus positive diagnostic test 46 (4%) 53 (5%)


CABG surgery 12 (1%) 15 (1%)


Angioplasty 37 (3%) 34 (3%)


Stenosis >50% on coronary
angiography


14 (1%) 12 (1%)


Unproved clinical label of CHD 36 (3%) 31 (3%)


Other 12 (1%) 10 (1%)


Risk factors


Diabetes 86 (8%) 92 (8%)


Hypertension 376 (34%) 361 (33%)


Hyperlipidaemia 271 (26%) 282 (27%)


Present smoker 310 (28%) 316 (29%)


Ex-smokerdlast 10 years 144 (13%) 129 (12%)


Cocaine abuse 6 (1%) 10 (1%)


First-degree relative with angina or MI,
onset age <60 years


344 (33%) 352 (34%)


Source of referral


General practitioner 188 (17%) 189 (17%)


Emergency ambulance 481 (43%) 510 (46%)


Self-referred 419 (37%) 375 (34%)


Other 35 (3%) 41 (4%)


CABG, coronary artery bypass grafting; CHD, coronary heart disease; IQR, interquartile
range; MI, myocardial infarction.
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Table 4 shows cardiac interventions, emergency department
attendances, hospital admissions (excluding admission at initial
attendance) and outpatient reviews over the 3-month follow-up.
The only difference between the groups was a borderline
significant difference in chest pain-related outpatient
attendances.


Overall 62 of 2243 patients (3%) experienced an adverse event,
including eight deaths and 10 non-fatal myocardial infarctions.
Table 5 shows that there were no significant differences in major
adverse events between the two groups. Five adverse events


occurred in patients who were discharged home after emergency
department assessment. Details are provided in table 6.


DISCUSSION
The use of the point-of-care cardiac marker panel resulted in
a greater proportion of patients being successfully discharged
after emergency department assessment and a reduction in the
median, but not the mean length of initial hospital stay. It was
associated with more patients avoiding any inpatient stay over
the 3-month follow-up but did not lead to any difference in the
total or mean number of inpatient hospital days. This was
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Figure 2 Variation in the proportion of patients in hospital over time
from initial attendance.


Table 2 Initial care in the first 24 h


Point-of-care Standard care
p ValueN[1125 N[1118


Admitted to coronary care unit 50/1121 (4%) 21/1114 (2%) 0.001


Received GTN 446/1113 (40%) 460/1092 (42%) 0.327


Received heparin 206/1114 (18%) 186/1090 (17%) 0.381


Received glycoprotein inhibitors 8/1111 (1%) 7/1092 (1%) 0.822


Received antacid 90/1110 (8%) 108/1083 (10%) 0.128


Received angiography 16/1119 (1%) 8/1109 (1%) 0.105


Received aspirin 618/1118 (55%) 663/1109 (60%) 0.031


Received beta-blocker 108/1109 (10%) 105/1084 (10%) 0.967


Received clopidogrel 237/1110 (21%) 176/1091 (16%) 0.002


Received analgesic 373/1110 (34%) 407/1086 (37%) 0.058


Received any other drugs 316/1108 (29%) 340/1085 (31%) 0.150


Received coronary angioplasty
or stent


11/1120 (1%) 4/1108 (<1%) 0.073


GTN, glyceryl trinitrate.
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because patients in the point-of-care arm who were admitted to
hospital tended to accrue more inpatient days. Point-of-care
assessment was also associated with a small increase in coro-
nary care admission and chest pain-related outpatient follow-
up. These findings suggest that point-of-care assessment
changes the emergency department disposition of patients with
undiagnosed chest pain and may reduce inpatient bed turnover,
but does not reduce inpatient bed occupancy.


Interpretation of these findings depends upon one’s perspec-
tive. For the patient, emergency physician or admitting physi-
cian point-of-care testing has the potentially beneficial effect of
reducing the need for hospital admission. For the health service
manager point-of-care testing may offer some benefit by
reducing inpatient bed turnover but does not appear to reduce
bed occupancy. An accompanying economic analysis (P Fitz-
gerald, SW Goodacre, E Cross, S Dixon, on behalf of the
RATPAC research team, submitted July 2010) explores whether
the potential benefits of point-of-care testing justify the addi-
tional costs.
Previous studies of point-of-care cardiac marker panels have


focused on estimating accuracy for diagnosing myocardial
infarction, but few have evaluated the effect on patient care.
Newby et al9 demonstrated earlier identification of myocardial
infarction than laboratory testing and Carragher et al10 showed
expedited decision-making with turnaround times reduced by
55%, but it was not clear whether these led to meaningful
changes in patient care. Ng et al11 compared management with
the panel to previous practice and showed a 40% reduction in
coronary care unit admissions. Our finding of increased coronary
care admissions may reflect differences between the healthcare
systems or differences between the methods used. Historically
controlled studies tend to overestimate the effects of interven-
tion compared with randomised studies.


Table 3 Inpatient care at 3 months


Point-of-care Standard care
p ValueN[1125 N[1118


Days in hospital at any location


N (%) with no days 607 (54%) 448 (40%) <0.001


Mean days per patient 1.8 1.7 0.815


Total days (all patients) 1961 1908


Days in coronary care


N (%) with days on coronary care 50 (4%) 31 (3%) 0.041


Mean days per patient 0.17 0.09 0.033


Total days (all patients) 190 105


Days in intensive care


N (%) with days on intensive care 8 (1%) 3 (<1%) 0.225


Mean days per patient 0.08 0.01 0.259


Total days (all patients) 76 14
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Figure 3 Histograms of number of inpatient days.


Table 4 Cardiac interventions, emergency department attendances,
admissions and outpatient reviews


Point-of-care Standard care
p ValueN[1125 N[1118


N (%) needing thrombolysis 1 (<1%) 2 (<1%) 0.624


N (%) needing PCI 29 (3%) 29 (3%) 1.000


N (%) needing emergency PCI 7 (1%) 12 (1%) 0.260


N (%) needing CABG 11 (1%) 5 (<1%) 0.209


N (%) of emergency department
attendances


140 (12%) 138 (12%) 0.949


N (%) of chest pain related emergency
department attendances


107 (10%) 103 (9%) 0.828


N (%) of hospital admissions* 117 (10%) 122 (11%) 0.732


N (%) of chest pain-related hospital
admissions*


84 (7%) 99 (9%) 0.247


N (%) with any outpatient attendance 334 (30%) 322 (29%) 0.676


N (%) with a chest pain related


outpatient attendance


241 (21%) 202 (18%) 0.05


*Excluding admission at initial attendance.
CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.


Table 5 Major adverse events


Point-of-
care


Standard
care


OR (95% CI)* p Value*N[1125 N[1118


Any event 36 (3%) 26 (2%) 1.31 (0.78 to 2.20) 0.313


Death 6 (1%) 2 (<1%) 3.4 (0.7 to 17.3) 0.142


Non-fatal myocardial
infarction


5 (<1%) 5 (<1%) 0.9 (0.3 to 3.2) 0.903


Hospitalisation for acute
coronary syndrome (without
myocardial infarction)


18 (2%) 9 (1%) 1.8 (0.8 to 4.1) 0.149


Life threatening arrhythmia 6 (1%) 2 (<1%) 3.2 (0.6 to 15.9) 0.160


Emergency
revascularisation


10 (1%) 14 (1%) 0.7 (0.3 to 1.5) 0.324


*Adjusted for age, gender and known coronary heart disease.
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Randomised trials have compared the use of point-of-care and
laboratory troponin assays. Renaud et al18 showed that point of
care troponin testing in an emergency department reduced time
to anti-ischaemic therapy and physician notification of troponin
results, but did not change emergency department length of stay
or patient outcomes. Ryan et al19 evaluated point-of-care
troponin testing in four emergency departments and found that
the effect varied between settings, with length of stay in the
emergency department being increased in one hospital and
decreased in another. These studies only evaluated the impact of
point-of-care technology, whereas RATPAC evaluated the effect
of point-of-care testing in a rapid rule-out protocol.


Our study has a number of strengths and weaknesses. Indi-
vidual patient randomisation ensured allocation concealment and
allowed an unbiased comparison of the intervention with stan-
dard care. Participation of six varied hospitals ensured that find-
ings are generalisable across a range of settings. An important
limitation is that the trial was not powered to detect potentially
important differences in the adverse event rate. The overall
adverse event rate was very low and most events occurred in
patients admitted after initial assessment. Only one of the five
adverse events in patients who were initially discharged home
occurred within 1 month of recruitment, so there is little evidence
of significant missed pathology. Furthermore, point-of-care
testing was performed relatively late in this case so admission for


a 12-h troponin is unlikely to have yielded a positive result.
Another limitation is that clinician behaviour may have been
influenced by participation in the trial, with perhaps more
cautious management of patients in either, or both, study groups.
This may be reflected in the lower than anticipated rate of
discharge in the control group. This could have been addressed by
using cluster randomisation, albeit with associated problems of
reduced statistical power and loss of allocation concealment.
Finally, it should be emphasised that this is a pragmatic evalua-
tion of point-of-care panel assessment in which patients were
selected on the basis of clinical and ECG characteristics and
decision-making was ultimately at the discretion of the clinician.
The biomarker panel was used to augment, and not replace,
clinical assessment.
In summary, we have shown that use of the point-of-care


cardiac marker panel safely reduced hospital admissions but did
not alter the mean length of hospital stay or inpatient days. The
implications for practice will depend upon whether avoiding
hospital admission is important to patients and the hospital, and
the findings of the economic analysis undertaken alongside this
trial (P Fitzgerald, SW Goodacre, E Cross, S Dixon, on behalf of
the RATPAC research team, submitted July 2010)
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Table 6 Major adverse events


Age and gender Study group Testing at initial presentation Working diagnosis Adverse event


43, female Point-of-care Point-of-care tests negative, taken 505
and 600 min after worst pain


Musculoskeletal pain Hospitalisation for ACS 50 days later


63, male Point-of-care Point-of-care tests negative, taken 721
and 824 min after worst pain


Musculoskeletal pain Hospitalisation for ACS 1 day later


64, female Standard care Troponin negative 1606 min after worst
pain


Angina no ACS Non-fatal MI 32 days later


78, female Point-of-care Point-of-care tests negative, taken 800
and 900 min after worst pain


Gastro-oesophageal pain Died from metastatic pancreatic
carcinoma 75 days later


78, male Point-of-care CK-MB and myoglobin negative, troponin
0.06 and 0.07 at 909 and 1005 min after
worst pain


Angina no ACS Life-threatening arrhythmia (SVT) 48 days
later


ACS, acute coronary syndrome; CK-MB, creatine kinase, myocardial type; MI, myocardial infarction; SVT, supraventricular tachycardia.


What is already known on this subject


< Chest pain due to suspected myocardial infarction is
responsible for a substantial and increasing number of
emergency department attendances and hospital admissions.


< A point-of-care cardiac biomarker panel consisting of CK-MB,
myoglobin and troponin can safely rule out myocardial
infarction in patients with acute chest pain within 90 min of
presentation to hospital.


What this study adds


< Using the point-of-care panel increases the proportion of
patients successfully discharged after emergency department
assessment and reduces the median length of stay.


< Using the point-of-care panel does not alter the mean length of
stay or hospital days, and increases the use of coronary care.
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Regional Systems of Care to Optimize Timeliness
of Reperfusion Therapy for ST-Elevation


Myocardial Infarction
The Mayo Clinic STEMI Protocol


Henry H. Ting, MD, MBA; Charanjit S. Rihal, MD, MBA; Bernard J. Gersh, MB, ChB, DPhil;
Luis H. Haro, MD; Christine M. Bjerke, RN; Ryan J. Lennon, MS; Choon-Chern Lim, BS;


John F. Bresnahan, MD; Allan S. Jaffe, MD; David R. Holmes, MD; Malcolm R. Bell, MB, BS


Background—Quality improvement efforts have focused on strategies to improve the timeliness of reperfusion therapy in
ST-elevation myocardial infarction patients who present to hospitals with and without percutaneous coronary
intervention (PCI) capability. We implemented and evaluated a protocol to optimize the timeliness of reperfusion
therapy and to coordinate systems of care for a PCI center and 28 regional hospitals located up to 150 miles away across
3 states.


Methods and Results—The present study focused on a prospective, observational cohort of 597 patients who presented
with ST-segment elevation and within 12 hours of symptom onset to Saint Marys Hospital and 28 regional hospitals up
to 150 miles away between May 2004 and December 2006. The Mayo Clinic ST-elevation myocardial infarction
protocol implemented strategies to improve timeliness of reperfusion therapy and to coordinate systems of care for
transfer between hospitals. The study sample consisted of 258 patients who presented to Saint Marys Hospital and were
treated with primary PCI (group A), 105 patients who presented to a regional hospital with symptom onset �3 hours
and then were transferred for primary PCI (group B), and 131 patients who presented to a regional hospital with
symptom onset �3 hours and were treated with full-dose fibrinolytic therapy (group C). For groups A and B, median
door-to-balloon times were 71 and 116 minutes, respectively. Door-to-balloon time �90 minutes was achieved in 75%
of group A and 12% of group B. Median door-to-needle time was 25 minutes for group C, and 70% had door-to-needle
time �30 minutes.


Conclusions—The Mayo Clinic ST-elevation myocardial infarction protocol demonstrates the feasibility of implementing
strategies to optimize the timeliness of reperfusion therapy and the times that can be achieved through coordinated
systems of care for ST-elevation myocardial infarction patients presenting to a PCI center (Saint Marys Hospital) and
28 regional hospitals without PCI capability located up to 150 miles away across 3 states. (Circulation. 2007;116:729-
736.)


Key Words: angioplasty � angina � myocardial infarction


Rapid initiation of reperfusion therapy for ST-elevation
myocardial infarction (STEMI) with either full-dose


fibrinolytic therapy or primary percutaneous coronary inter-
vention (PCI) limits infarct size and improves survival.1


Fibrinolytic agents have survival benefits that have been
shown in randomized trials involving �100 000 patients2 but
are most effective when administered within 2 to 3 hours
from symptom onset and are associated with a 1% to 2% risk
of stroke or intracranial hemorrhage.3–7 Primary PCI has been
shown to improve survival and to lower recurrent myocardial
infarction (MI) and stroke compared with fibrinolytic therapy
in recent trials and pooled analyses.8–11


Editorial p 689
Clinical Perspective p 736


Current guidelines recommend a door-to-balloon time �90
minutes for STEMI patients undergoing primary PCI,1 but
there are significant hospital delays for primary PCI because
�40% of nontransferred and 5% of transferred STEMI
patients achieve this goal.12,13 Bradley and colleagues14 de-
termined that 6 strategies were associated with significant
reductions in door-to-balloon time for STEMI patients pres-
enting to PCI-capable hospitals. There also is interest in
developing regional systems of care to improve the timeliness
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of reperfusion therapy and to increase access to primary PCI
for STEMI patients who present to hospitals without PCI
capability.15–17


We implemented a protocol to optimize timeliness of
reperfusion therapy and to coordinate systems of care for a
PCI center and 28 regional hospitals located up to 150 miles
away across 3 states. At the PCI center, our protocol
implemented 4 of the 6 strategies determined by Bradley et
al14 and at the 28 regional hospitals, our protocol used novel
strategies and systems of care to improve time to reperfusion.
We evaluated the effect of our protocol and regional system
of care on door-to-balloon and door-to-needle times for
STEMI patients presenting to the PCI center and 28 regional
hospitals.


Methods
The Mayo Clinic STEMI Protocol
Patients who presented to Saint Marys Hospital in Rochester (Minn)
underwent primary PCI as the reperfusion strategy. The protocol was
implemented in May 2004 and included the following strategies: (1)
prioritizing 12-lead ECG acquisition and physician interpretation
within 10 minutes of hospital arrival for all patients with suspected
acute coronary syndrome; (2) emergency department activation of
the cardiac catheterization laboratory without review or approval by
cardiology; (3) single-call system to activate the entire cardiac
catheterization team; (4) catheterization laboratory fully operational
within 30 minutes after activation; and (5) data collected prospec-
tively with a computerized, Web-based database with feedback
provided to staff within 24 to 48 hours. Strategies 2 through 5
represent 4 of the 6 strategies described by Bradley and colleagues.14


Before May 2004, these strategies were not used routinely at Saint
Marys Hospital.


The regional STEMI protocol was implemented in December
2004 at 28 regional hospitals located in Minnesota, Wisconsin, and
Iowa and up to 150 miles away from Saint Marys Hospital (Figure
1). Twelve regional hospitals were part of the Mayo Health System,


and 16 regional hospitals were independent facilities. Regional
hospitals were selected to participate if the total transfer time from
the regional hospital to Saint Marys Hospital could be achieved
reliably within 30 to 90 minutes (median, 57 minutes) and if Saint
Marys Hospital was the closest facility providing PCI 24 hours a day,
7 days a week. We intentionally did not enroll regional hospitals
located closer to another PCI facility with this 24�7 capability. The
regional STEMI protocol included previous strategies adopted at
Saint Marys Hospital and the following new strategies: (1) standard
order set and protocol used to select fibrinolytic therapy (for
symptom onset �3 hours) or PCI (for symptom onset �3 hours) as
the primary reperfusion strategy and adjunctive medications; (2)
single-phone-call system for the receiving cardiologist and regional
physician to discuss case, to activate air ambulance transfer, and to
activate the cardiac catheterization team; (3) a central communica-
tion center selected the fastest mode of transfer from 3 helicopters;
(4) helicopter “hot load” protocol with engine left running to
minimize ground time to �10 minutes; and (5) bypassing of Saint
Marys Hospital emergency department evaluation.


Before December 2004, these strategies were not used routinely,
and reperfusion choice and transfer were decided by individual
physician preferences. This new system of care was discussed by all
coronary care unit and interventional staff at Mayo Clinic to achieve
consensus. After consensus was achieved, a Mayo Clinic cardiologist
and nurse coordinator made site visits to each of the 28 regional
hospitals to educate and train the regional hospital staff. The 28
regional hospitals were sequentially enrolled over the course of 6
months from December 2004 to May 2005. The protocol provided
feedback within 24 to 48 hours to all physicians involved in a
specific patient’s care, the program director (H.H.T.), and nurse
coordinator (C.M.B.); the only protocol deviations occurred when
inclement weather prevented air ambulance transfer for primary PCI.


Regional STEMI patients were treated with full-dose fibrinolytic
therapy if the onset of symptoms was �3 hours and there were no
contraindications to such therapy. The protocol mandated immediate
patient transfer after fibrinolytic drug administration to Saint Marys
Hospital, and patients were evaluated by a cardiologist on arrival at
Saint Marys Hospital. Patients underwent immediate rescue PCI for
suspected failure to reperfuse or routine elective catheterization at 24
to 48 hours if it was thought that reperfusion had been achieved
successfully with fibrinolytic therapy. Failed reperfusion after fi-
brinolytic therapy was defined as persistent chest discomfort or
�70% resolution of ST elevation 60 to 90 minutes after fibrinolytic
drug administration. We did not use a facilitated PCI strategy,
defined as half- or full-dose fibrinolysis followed by immediate
catheterization. Regional patients treated with fibrinolytic therapy
received reteplase or weight-based tenecteplase at the discretion of
the regional hospital. All patients received unfractionated heparin at
a loading dose of 60 U/kg (maximum, 4000 U) and continuous
infusion at 12 U · kg�1 · h�1 (maximum, 1000 U/h). Low-molecular-
weight heparin was not used. All patients received clopidogrel (75
mg) at the time of fibrinolytic therapy administration.


Regional STEMI patients were transferred for primary PCI if
symptom duration was �3 hours and immediate transport was
available. Inclement weather prohibited helicopter and ground trans-
port �5% of the time. Patients who were at high clinical risk (such
as cardiogenic shock or persistent ventricular arrhythmias) or had
contraindications to fibrinolytic therapy and patients for whom there
was clinical suspicion for other diagnoses such as pericarditis or
myocarditis were transferred for a primary PCI strategy regardless of
duration of symptoms. All regional patients transferred for primary
PCI received unfractionated heparin at a loading dose of 60 U/kg
(maximum, 4000 U) and continuous infusion at 12 U · kg�1 · h�1


(maximum, 1000 U/h); low-molecular-weight heparin and clopi-
dogrel were not used. Eptifibatide was administered in 61 patients
(58%) in the helicopter during transport with a loading dose of 180
�g/kg twice (10 minutes apart) and continuous infusion at 2 �g ·
kg�1 · min�1 (glomerular filtration rate �50 mL/min) or 1 �g · kg�1


· min�1 (glomerular filtration rate �50 mL/min). The remaining 44
patients (42%) had eptifibatide withheld as a result of a contraindi-
cation or at the discretion of the receiving cardiologist because of
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Figure 1. Regional map showing Rochester (Minn) (5-point star),
28 regional hospitals (circles), and for geographic reference
only, Minneapolis-St Paul (4-point star). No hospitals in
Minneapolis-St Paul were enrolled in our protocol.
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bleeding risk. Eptifibatide was administered in the helicopter to
avoid any transfer delays at the regional hospital and was chosen
instead of abciximab because the latter required refrigeration and
filtration, making storage and administration more difficult in the
helicopter.


The Mayo Clinic STEMI protocol was developed and approved by
the cardiac catheterization laboratory, coronary care unit, and emer-
gency medicine department at Mayo Clinic, as well as by the clinical
practice committees at each regional hospital. This study was
approved by the Institutional Review Board at Mayo Clinic.


Patient Population
From May 2004 to December 2006, 597 patients presented within 12
hours of the onset of symptoms suggestive of myocardial ischemia
and new or presumed-new ST-elevation or left bundle-branch block.
In accordance with Minnesota statute, 40 patients (6.7%) who did not
grant authorization to use their records for research were excluded
from this analysis. An additional 63 patients (10.6%) were subse-
quently determined to have a diagnosis other than acute MI to
account for the ECG abnormalities, including myocarditis, pericar-
ditis, apical ballooning syndrome, and left ventricular aneurysm or
hypertrophy. Thus, the final study population comprised 494 patients
and was divided into 3 reperfusion strategy groups: 258 patients who
presented to the Saint Marys Hospital emergency department in
Rochester and were treated with primary PCI (group A), 105 patients
who presented to a regional hospital with symptom onset �3 hours


and then were transferred for primary PCI (group B), and 131
patients who presented to a regional hospital with symptom onset �3
hours and were treated with full-dose fibrinolytic therapy followed
by immediate rescue PCI for failed reperfusion or routine elective
catheterization at 24 to 48 hours after successful reperfusion (group
C). Before implementation of the Mayo Clinic STEMI protocol, we
prospectively collected door-to-balloon times for 48 STEMI patients
undergoing primary PCI who presented to Saint Marys Hospital in
2003.


Time to Treatment
Time to treatment for PCI was measured with door-to-balloon time.
This interval was defined as the time from first hospital arrival to the
time of first balloon inflation or use of another therapeutic interven-
tional device such as a stent or a thrombectomy catheter. Time to
treatment for fibrinolytic therapy was measured using door-to-needle
time, with needle time defined as the time of fibrinolytic therapy
administration.


Clinical Definitions
Cardiogenic shock, at or immediately after admission to the hospital,
was defined as a persistent systolic blood pressure �85 mm Hg that
was unresponsive to fluid administration and required vasopressors
or placement of an intra-aortic balloon pump. Biomarkers for
myocardial injury were drawn at first hospital arrival, every 8 hours
for 24 hours, and then at 48 and 72 hours. Additional samples were


TABLE 1. Patient Characteristics


Variable


Group A, Saint
Marys Hospital
PCI (n�258)


Group B, Regional
Hospital PCI


(n�105)


Group C, Regional
Hospital Fibrinolysis


(n�131)


Age, y 64.1�14.1 62.6�13.9 62.3�13.2


Male, n (%) 182 (71) 77 (73) 104 (79)


Hypertension, n (%) 154 (62) 57 (54) 74 (56)


Hyperlipidemia, n (%) 152 (62) 52 (50) 91 (69)


Diabetes, n (%) 47 (18) 14 (13) 21 (16)


Current smoker, n (%) 78 (30) 46 (44) 54 (41)


Height, cm 171.9�10.4 173.5�10.1 173.5�9.3


Weight, kg 84.4�18.8 85.2�18.9 85.2�19.1


Body mass index, kg/m2 28.4�5.2 28.3�5.9 28.2�5.4


Initial heart rate, bpm 73.0�16.5 74.2�16.5 71.8�17.5


Initial systolic blood pressure, mm Hg 130.6�32.7 120.3�22.9 120.9�19.9


CHF on presentation, n (%) 13 (5) 6 (6) 5 (4)


Cardiogenic shock, n (%) 28 (11) 7 (7) 2 (2)


Creatinine, median (Q1, Q3) 1.1 (1.0, 1.2) 1.0 (0.9, 1.1) 1.1 (1.0, 1.3)


Location of MI, n (%)


Anterior 92 (36) 37 (35) 44 (34)


Lateral 29 (11) 5 (5) 13 (10)


Inferior 136 (53) 63 (60) 74 (56)


Aspirin use, n (%)


Yes 252 (98) 100 (95) 130 (99)


Contraindicated 5 (2) 3 (3) 1 (1)


No 1 (0) 2 (2) 0 (0)


�-Blocker use, n (%)


Yes 182 (71) 78 (74) 101 (77)


Contraindicated 61 (24) 18 (17) 23 (18)


No 15 (6) 9 (9) 7 (5)


Values are mean�SD unless otherwise noted. CHF indicates congestive heart failure; Q1, quartile 1; and Q3,
quartile 3.
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obtained for any clinical events suspicious for myocardial ischemia.
Recurrent MI within 24 hours of qualifying STEMI required typical
chest discomfort �20 minutes and new or recurrent ST elevation
�0.10 mV in �2 contiguous leads or new left bundle-branch block.
Recurrent MI after 24 hours of qualifying STEMI required typical
chest discomfort �20 minutes with one of the following criteria: new
or recurrent ST elevation �0.10 mV in �2 contiguous leads or new
left bundle-branch block, or both an increase in creatine kinase-MB
isoenzymes of at least 50% over previous value and documentation
that creatine kinase-MB had been decreasing before the suspected
recurrent MI.


Statistical Analysis
Continuous variables are summarized as mean�SD. Discrete vari-
ables are presented as frequency (percentage). Group differences
were tested using 1-way ANOVA and Pearson �2 test. Not all
patients intended for primary PCI actually underwent PCI. In those
patients, door-to-balloon time was considered a right-censored mea-
surement recorded as the time to the last checkpoint (eg, arrival at
catheterization laboratory or at Saint Marys Hospital from a regional
hospital). Kaplan-Meier estimation was used for time to event–type
variables such as time to treatment and follow-up mortality. The
probabilities of time to treatment for those with and without
in-hospital death were estimated with a Kaplan-Meier estimator.
Bayes rule was applied to these conditional probabilities to estimate
the risk of in-hospital death according to time to treatment. Statistical


analyses were performed with SAS version 9.1 (SAS, Inc, Cary,
NC).


The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.


Results
Patient Characteristics
Baseline patient characteristics for Saint Marys Hospital PCI
(group A), regional hospital PCI (group B), and regional
hospital fibrinolytic therapy (group C) are shown in Table 1.
Groups A, B, and C had similar ages (range, 27 to 96 years)
and similar percentages of men, hypertension, diabetes, body
mass index, congestive heart failure on presentation, and
anterior wall infarctions. Group A had a higher prevalence of
cardiogenic shock at presentation (11%) compared with
group B (7%) and group C (2%).


Aspirin was administered during the index hospitalization
for groups A, B, and C in 98%, 95%, and 99%, respectively.
A �-blocker was administered during the index hospitaliza-
tion for groups A, B, and C in 71%, 74%, and 77%,
respectively, and �-blocker use was contraindicated and
documented for groups A, B, and C in 24%, 17%, and 18%,
respectively.


Time to Treatment
Door-to-balloon time and door-to-needle time cumulative
distribution curves for groups A, B, and C are shown in
Figure 2. The median door-to-balloon time was 71 minutes
(interquartile range, 56 to 90 minutes) for group A, with a
door-to-balloon time of �90 minutes achieved in 75% of
patients, as shown in Table 2. Before implementation of the
Mayo Clinic STEMI protocol, 48 historical control patients
presented with STEMI to Saint Marys Hospital in 2003; their
median door-to-balloon time was 90 minutes (interquartile
range, 72 to 121 minutes), and 50% of patients were treated
with a door-to-balloon time �90 minutes. Figure 3 shows the
door-to-balloon time cumulative distribution curves for group
A compared with the Saint Marys Hospital historical control
patients from the year 2003 (P�0.004).


The median door-to-balloon time was 116 minutes (inter-
quartile range, 102 to 137 minutes) for group B, and a
door-to-balloon time of �90 minutes was achieved in 12% of
patients. The median door-to-needle time was 25 minutes


Figure 2. Cumulative distribution curves for door-to-balloon and
door-to-needle times for group A (Saint Marys Hospital PCI),
group B (regional hospital PCI), and group C (regional hospital
fibrinolysis).


TABLE 2. Time to Treatment


Group A, Saint
Marys Hospital
PCI (n�258)


Group B, Regional
Hospital PCI


(n�105)


Group C, Regional
Hospital Fibrinolysis


(n�131)


Symptom onset* to first hospital arrival,
median (IQR), min


99 (58 to 244) 150 (50 to 256) 75 (38 to 120)


Door-to-balloon time, median (IQR), min 71 (56 to 90) 116 (102 to 137) � � �


Door-to-balloon time �90 min, % 75 12 � � �


Door-to-needle time, median (IQR), mins � � � � � � 25 (16 to 33)


Door-to-needle time �30 min, % � � � � � � 70


Symptom onset* to treatment time, median
(IQR), min


188 (124 to 389) 278 (171 to 601) 103 (61 to 145)


IQR indicates interquartile range.
*Symptom onset times available for 224, 97, and 128 patients in groups A, B, and C, respectively.
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(interquartile range, 16 to 33 minutes) for group C, and 70%
of patients were treated with a door-to-needle time of �30
minutes. Among STEMI patients who presented to a regional
hospital with symptom onset �3 hours, 49 patients were
transferred for primary PCI rather than treated with fibrino-
lytic therapy because these patients either had a contraindi-
cation to fibrinolytic therapy or were considered at high
clinical risk. These patients had a median door-to-balloon


time of 116 minutes (interquartile range, 105 to 141 minutes).
We did not have historical control data for regional hospital
patients with STEMI for comparison of times.


Suspected failure to reperfuse with fibrinolytic therapy
occurred in 48 patients (36.6%), and all these patients
underwent immediate catheterization and early rescue PCI.
Reperfusion with fibrinolytic therapy was thought to be
successful in the remaining 83 patients (63.4%). Among the
83 patients, 2 refused subsequent catheterization, and 81
underwent routine elective catheterization at 24 to 48 hours
after fibrinolysis, with 53 of 81 patients undergoing elective
PCI during the index hospitalization.


Because of inclement weather, air ambulance transport was
not possible for 5 patients (1.0%) during the study period.
Four patients were transported by ground ambulance to Saint
Marys Hospital for primary PCI and had door-to-balloon
times of 103, 107, 122, and 153 minutes. One patient was
treated with fibrinolytic therapy with a door-to-needle time of
25 minutes and subsequently transported by ground ambu-
lance to Saint Marys Hospital. Among the 258 STEMI
patients in group A, 16 patients were treated medically after
catheterization, and 11 underwent urgent bypass surgery.
Among the 105 STEMI patients in group B, 10 patients were
treated medically after catheterization, and 1 underwent
urgent bypass surgery.


The median time from symptom onset to treatment was
shortest for group C at 103 minutes compared with 188 and
278 minutes for groups A and B, respectively (Table 2). This
observed difference is expected because regional hospital


Figure 3. Comparison of door-to-balloon time cumulative distri-
bution curves for group A (Saint Marys Hospital PCI) vs histori-
cal control patients from Saint Marys Hospital during 2003.


TABLE 3. In-Hospital and Follow-Up Outcomes


Group A, Saint Marys
Hospital PCI (n�258)


Group B, Regional Hospital
PCI (n�105)


Group C, Regional Hospital
Fibrinolysis (n�131)


Variable n (%) 95% CI n (%) 95% CI n (%) 95% CI


In-hospital death 17 (6.6) 3.9 to 10.3 6 (5.7) 2.1 to 12.0 4 (3.1) 0.8 to 7.6


Recurrent MI 4 (1.6) 0.4 to 3.9 3 (2.9) 0.6 to 8.2 8 (6.1) 2.7 to 11.7


Any stroke 2 (0.8) 0.1 to 2.8 1 (1.0) 0.0 to 5.2 4 (3.1) 0.8 to 7.6


Hemorrhagic stroke 0 (0.0) 0.0 to 1.4 0 (0.0) 0.0 to 3.5 3 (2.3) 0.5 to 6.5


Gastrointestinal bleed 4 (1.6) 0.4 to 3.9 5 (4.8) 1.6 to 10.8 0 (0) 0 to 2.8


Blood loss requiring transfusion 12 (4.7) 2.4 to 8.0 7 (6.7) 2.7 to 13.3 3 (2.3) 0.5 to 6.5


Femoral site bleed 9 (3.5) 1.6 to 6.5 6 (5.7) 2.1 to 12.0 1 (0.8) 0.0 to 4.2


Retroperitoneal bleed 0 (0.0) 0.0 to 1.4 1 (1.0) 0.0 to 5.2 1 (0.8) 0.0 to 4.2


Any bleeding complication 19 (7.4) 4.5 to 11.3 14 (13.3) 7.5 to 21.4 7 (5.3) 2.2 to 10.7


In-hospital CABG 14 (5.4) 3.0 to 8.9 3 (2.9) 0.6 to 8.2 9 (6.9) 3.2 to 12.6


In-hospital death/MI 20 (7.8) 4.8 to 11.7 9 (8.6) 4.0 to 15.6 12 (9.2) 4.8 to 15.5


In-hospital death/MI/stroke 21 (8.1) 5.1 to 12.2 10 (9.5) 4.7 to 16.8 14 (10.7) 6.0 to 17.3


Death, K-M


30 d 17 (7.2) 3.9 to 10.5 6 (7.1) 1.5 to 12.4 4 (3.7) 0.1 to 7.1


91 d 22 (9.9) 5.9 to 13.8 7 (8.8) 2.3 to 14.8 5 (4.9) 0.6 to 9.1


183 d 23 (10.5) 6.3 to 14.6 7 (8.8) 2.3 to 14.8 6 (6.9) 1.1 to 12.3


Death or MI, K-M


30 d 22 (9.4) 5.6 to 13.0 13 (15.5) 7.4 to 22.9 12 (11.2) 5.0 to 17.0


91 d 29 (13.1) 8.5 to 17.5 14 (17.1) 8.5 to 25.0 14 (13.7) 6.7 to 20.2


183 d 31 (14.3) 9.5 to 19.0 14 (17.1) 8.5 to 25.0 14 (13.7) 6.7 to 20.2


CABG indicates coronary artery bypass surgery; K-M, Kaplan-Meier estimate.
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patients with STEMI who presented early (�3 hours from
symptom onset) were treated preferentially per our protocol
with fibrinolytic therapy.


In-Hospital and Follow-Up Outcomes
In-hospital and follow-up outcomes for groups A, B, and C
are shown in Table 3. In-hospital death rates were similar in
all 3 groups and occurred in 17 patients in group A (6.6%;
95% CI, 3.9 to 10.3), in 6 patients in group B (5.7%; 95% CI,
2.1 to 12.0), and in 4 patients in group C (3.1%; 95% CI, 0.8
to 7.6). No patients in groups B and C died at the regional
hospital before or during transfer to Saint Marys Hospital.
In-hospital mortality as a function of door-to-balloon time
(Figure 4A) or door-to-needle time (Figure 4B) is shown.
Longer time to treatment as measured by door-to-balloon or
door-to-needle time was associated with trends for higher
in-hospital mortality rates.


Frequency rates of any in-hospital stroke among groups A,
B, and C were 0.8% (95% CI, 0.1 to 2.8), 1.0% (95% CI, 0.0
to 5.2), and 3.1% (95% CI, 0.8 to 7.6), respectively. However,
hemorrhagic stroke occurred in 3 patients (2.3%; 95% CI, 0.5
to 6.5) from group C who had received fibrinolytic therapy; 2
of these patients died in hospital, and 1 patient made a full
neurological recovery (Table 4). Median follow-up time for
assessment of outcomes was 184 days. Mortality rates at
intermediate follow-up were 10.5% (95% CI, 6.3 to 14.6),
8.8% (95% CI, 2.3 to 14.8), and 6.9% (95% CI, 1.1 to 12.3)
and similar for groups A, B, and C, respectively.


Discussion
The Mayo Clinic STEMI protocol implemented strategies to
optimize the timeliness of reperfusion therapy, to improve
door-to-balloon and door-to-needle times, and to coordinate
systems of care for STEMI patients presenting to a PCI center
(Saint Marys Hospital) and 28 regional hospitals without
PCI- capability located up to 150 miles away across 3 states.
Our system of care achieved a median door-to-balloon time
of 71 minutes for patients who presented to Saint Marys
Hospital, a median door-to-balloon time of 116 minutes for
patients transferred from a regional hospital, and a median
door-to-needle time of 25 minutes for regional hospital
patients treated with fibrinolysis. In our system of care in a
large, diverse geographic area, we achieved median door-to-
balloon times of �2 hours for patients who required transfer
to a PCI center. Whether this is preferable to immediate
fibrinolytic therapy remains an unanswered question because
half of the patients exceeded 2 hours and fibrinolytic therapy
was associated with hemorrhagic stroke at rates similar to
previous trials. From a cost perspective, we added an incre-
mental half-time database coordinator and half-time nurse
coordinator to implement this system of care, and there were
additional variable costs to transport and provide clinical care
for every STEMI patient. There were no other fixed costs
because the 3 helicopters, equipment, and allied and physi-
cian staff were preexisting components in our system.


Reperfusion Strategy at Hospitals With
PCI Capability
Our study confirmed that systematically implementing 4 of 6
strategies described by Bradley and colleagues14 was associ-


ated with a significantly reduced door-to-balloon time for the
PCI-capable hospital. These 4 strategies (emergency medi-
cine physicians activate catheterization laboratory; single
phone call activates catheterization laboratory; catheteriza-
tion laboratory staff arrives to hospital within 20 minutes
after activation; and real-time data feedback is given to
emergency medicine and cardiology staff) are currently being
promoted by the American College of Cardiology D2B
Alliance to reduce hospital delays on a national scale. We did
not use the other 2 strategies from Bradley et al, namely
integrating prehospital ECGs to activate the catheterization
laboratory while the patient is en route and having an
attending cardiologist always on site, because of complexity
and cost.


It is imperative to achieve door-to-balloon time �90
minutes in PCI-capable hospitals because the full advantage
of primary PCI compared with fibrinolysis may not be
realized for patients who experience prolonged delays.18–20


Nallamothu and colleagues21 showed that there was no
mortality advantage for primary PCI versus fibrinolytic ther-
apy when door-to-balloon time exceeded door-to-needle time
by 62 minutes. Pinto and colleagues22 extended these findings
and demonstrated that patient-specific variables, including
age �65 years, duration of symptoms �2 hours, and anterior


Figure 4. A, Relationship of door-to-balloon time and in-hospital
mortality. B, Relationship of door-to-needle time and in-hospital
mortality.


734 Circulation August 14, 2007


 at Duke University--Durham on November 29, 2010 circ.ahajournals.orgDownloaded from 



http://circ.ahajournals.org





wall infarction, derived greater benefit from primary PCI, and
a door-to-balloon time minus door-to-needle time of up to
114 minutes may be reasonable in these scenarios.


Reperfusion Strategy at Hospitals Without
PCI Capability
Our study advances the existing research in reperfusion
strategy for STEMI patients presenting to hospitals without
PCI capability by using duration of symptoms �3 hours
versus �3 hours as a decision node to select reperfusion
strategy (fibrinolytic therapy versus primary PCI, respec-
tively), using immediate rescue PCI for failed reperfusion
with fibrinolytic therapy and routine elective catheterization
at 24 to 48 hours after successful reperfusion with fibrinolytic
therapy, and implementing novel strategies to streamline and
coordinate patient transfer from a regional hospital without
PCI capability to a PCI center. To coordinate this real-world
practice protocol at 28 regional hospitals, including 12
hospitals from the Mayo Health System and 16 independent
hospitals across 3 states, we first had to achieve consensus
among cardiologists at the PCI center (Saint Marys Hospital)
to minimize variability in care processes and to uniformly
adopt a standard order set and protocol. Second, we engaged
nursing and air transport staff and a central communication
center to support this system of care. Third, we developed an
integrated network with the 28 regional hospitals by making
initial site visits to enroll and train staff and routine follow-up
visits 2 to 4 times per year. The nurse coordinator and
physician program director were available by e-mail or
telephone to receive feedback and input.


The use of a decision node of 3 hours from onset of
symptoms to select reperfusion strategy is consistent with
current guidelines.1 Among patients who present within 2 to
3 hours from onset of symptoms and when door-to-balloon
time �90 minutes cannot be reliably achieved, a pharmaco-
invasive approach of fibrinolysis followed by rescue PCI or
routine elective PCI (at 24 to 48 hours after fibrinolysis) has
been proposed.23 The Which Early ST-Elevation Myocardial
Infarction Therapy (WEST) study found that 30-day mortal-
ity was 4% with fibrinolysis and usual care versus 1% with
fibrinolysis and a pharmacoinvasive approach.5 Indeed, the
timing of routine elective PCI after fibrinolytic therapy has
important relevance to subsequent risk of mortality and
bleeding. In the Assessment of the Safety and Efficacy of a
New Treatment Strategy With Percutaneous Coronary Inter-
vention (ASSENT-4 PCI) trial,24 immediate PCI performed
within 1 to 3 hours after fibrinolysis, so-called facilitated PCI,


resulted in higher in-hospital mortality, whereas in other
trials, routine PCI delayed for up to 13 hours5 or 17 hours4


was not associated with increased mortality. The Mayo Clinic
STEMI protocol used a pharmacoinvasive approach for
regional hospital patients treated with fibrinolytic therapy;
patients underwent immediate rescue PCI for suspected failed
reperfusion (36.6%), and the remainder underwent routine
elective catheterization (63.4%) at 24 to 48 hours after
initially successful reperfusion.


Study Limitations
The present observational study was not intended to compare
outcomes of different reperfusion strategies or to perform a
formal cost-effectiveness analysis. This model of care may
not be generalizable to other geographic locations because
our system required coordination of air ambulance transport
and of 28 regional hospitals with disparate governance and
staff.


Conclusions
We implemented the Mayo Clinic STEMI protocol and
achieved door-to-balloon and door-to-needle times that were
close to or exceeded what is recommended in current guide-
lines. We demonstrated in a real-world setting that novel and
simple strategies and coordination of systems of care make
these times achievable with a minimum of risk to patients.
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CLINICAL PERSPECTIVE
Patients with ST-elevation myocardial infarction (STEMI) should be treated with rapid and appropriate reperfusion therapy
to reduce infarct size and adverse outcomes. The guidelines state that STEMI patients who present within 12 hours of
symptom onset should be treated with door-to-balloon time �90 minutes and door-to-needle time �30 minutes. The Mayo
Clinic STEMI protocol evaluated the impact of implementing 4 strategies recommended by the American College of
Cardiology D2B Alliance (emergency medicine physicians activate catheterization laboratory; single phone call activates
catheterization laboratory; catheterization laboratory staff arrive at hospital within 20 minutes after activation; and
real-time data feedback is given to emergency medicine and cardiology staff) to reduce door-to-balloon time in 258 STEMI
patients presenting to a percutaneous coronary intervention center. After these process changes were implemented, median
door-to-balloon time decreased from 90 to 71 minutes. We also implemented a regional system of care consisting of 28
community hospitals located up to 150 miles away to coordinate transfer and to optimize timeliness of reperfusion therapy.
STEMI patients (n�131) who presented early after symptom onset (�3 hours) were treated with fibrinolytic therapy and
achieved a median door-to-needle time of 25 minutes. STEMI patients (n�105) who presented later after symptom onset
(�3 hours) and early presenters who were at high risk (cardiogenic shock) or had contraindications to fibrinolytic therapy
were transferred for primary percutaneous coronary intervention and achieved a median door-to-balloon time of 116
minutes. We demonstrated in a large, diverse geographic region that novel and simple strategies and coordination of
systems of care make these times achievable with a minimum of risk to patients.
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ABSTRACT  
 
The American College of Cardiology Foundation (ACCF), in partnership with the American 
Society of Echocardiography (ASE) and along with key specialty and subspecialty societies, 
conducted a review of common clinical scenarios where echocardiography is frequently 
considered. This document combines and updates the original transthoracic and transesophageal 
echocardiography appropriateness criteria published in 2007 (1) and the original stress 
echocardiography appropriateness criteria published in 2008 (2). This revision reflects new 
clinical data, reflects changes in test utilization patterns, and clarifies echocardiography use 
where omissions or lack of clarity existed in the original criteria. 
 
The indications (clinical scenarios) were derived from common applications or anticipated uses, 
as well as from current clinical practice guidelines and results of studies examining the 
implementation of the original appropriate use criteria (AUC). The 202 indications in this 
document were developed by a diverse writing group and scored by a separate independent 
technical panel on a scale of 1 to 9, to designate appropriate use (median 7 to 9), uncertain use 
(median 4 to 6), and inappropriate use (median 1 to 3). 
 
Ninety-seven indications were rated as appropriate, 34 were rated as uncertain, and 71 were rated 
as inappropriate. In general, the use of echocardiography for initial diagnosis when there is a 
change in clinical status or when the results of the echocardiogram are anticipated to change 
patient management were rated appropriate. Routine testing when there was no change in clinical 
status or when results of testing were unlikely to modify management were more likely to be 
inappropriate than appropriate/uncertain. 
 
The AUC for echocardiography have the potential to impact physician decision making, 
healthcare delivery, and reimbursement policy. Furthermore, recognition of uncertain clinical 
scenarios facilitates identification of areas that would benefit from future research. 
 
 


PREFACE 
 
In an effort to respond to the need for the rational use of imaging services in the delivery of high-
quality care, the ACCF has undertaken a process to determine the appropriate use of 
cardiovascular imaging for selected patient indications. 
 
AUC publications reflect an ongoing effort by the ACCF to critically and systematically create, 
review, and categorize clinical situations where diagnostic tests and procedures are utilized by 
physicians caring for patients with cardiovascular diseases. The process is based on current 
understanding of the technical capabilities of the imaging modalities examined. Although 
impossible to be entirely comprehensive given the wide diversity of clinical disease, the 
indications are meant to identify common scenarios encompassing the majority of situations 
encountered in contemporary practice. Given the breadth of information they convey, the 
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indications do not directly correspond to the Ninth Revision of the International Classification of 
Diseases system as these codes do not include clinical information, such as symptom status. 
 
The ACCF believes that careful blending of a broad range of clinical experiences and available 
evidence-based information will help guide a more efficient and equitable allocation of 
healthcare resources in cardiovascular imaging. The ultimate objective of AUC is to improve 
patient care and health outcomes in a cost-effective manner, but it is not intended to ignore 
ambiguity and nuance intrinsic to clinical decision making. AUC thus should not be considered 
substitutes for sound clinical judgment and practice experience. 
 
The ACCF AUC process itself is also evolving. In the current iteration, technical panel members 
were asked to rate indications for echocardiography in a manner independent and irrespective of 
the prior published ACCF ratings for transthoracic echocardiography (TTE) and transesophageal 
echocardiography (TEE) (1) and stress echocardiography (2) as well as the prior ACCF ratings 
for diagnostic imaging modalities such as cardiac radionuclide imaging (RNI) (3) and cardiac 
computed tomography (CT) (4). Given the iterative and evolving nature of the process, readers 
are counseled that comparison of individual appropriate use ratings among modalities rated at 
different times over the past several years may not reflect the comparative utility of the different 
modalities for an indication, as the ratings may vary over time. A comparative evaluation of the 
appropriate use of multiple imaging techniques is currently being undertaken to assess the 
relative strengths of each modality for various clinical scenarios. 
 
We are grateful to the technical panel and its chair, Steven Bailey, MD, FACC, FSCAI, FAHA, a 
professional group with a wide range of skills and insights, for their thoughtful and thorough 
deliberation of the merits of echocardiography for various indications. We would also like to 
thank the 20 individuals who provided a careful review of the draft of indications, the parent 
AUC Task Force ably led by Michael Wolk, MD, MACC, Rory Weiner, MD, and the ACC staff, 
John C. Lewin, MD, Joseph Allen, Starr Webb, Jenissa Haidari, and Lea Binder for their 
exceptionally skilled support in the generation of this document.  
 


Pamela S. Douglas, MD, MACC, FAHA, FASE 
Chair, Echocardiography Writing Group 


 
Michael J. Wolk, MD, MACC 


Chair, Appropriate Use Criteria Task Force 
 
 
 


1. INTRODUCTION  
 


This report addresses the appropriate use of TTE, TEE, and stress echocardiography. 
Improvements in cardiovascular imaging technology and an expanding armamentarium of 
noninvasive diagnostic tools and therapeutic options for cardiovascular disease have led to an 
increase in cardiovascular imaging. As the field of echocardiography continues to advance along 
with other imaging modalities and treatment options, the healthcare community needs to 
understand how to best incorporate this technology into daily clinical care. 
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All prior AUC publications from the ACCF and collaborating organizations reflect an ongoing 
effort to critically and systematically create, review, and categorize the appropriate use of 
cardiovascular procedures and diagnostic tests. The ACCF recognizes the importance of revising 
these criteria in a timely manner in order to provide the cardiovascular community with the most 
accurate indications. Understanding the background and scope of this document are important 
before interpreting the rating tables. 
 
This document presents a combination and revision of the 2007 ACCF AUC for Transthoracic 
and Transesophageal Echocardiography (1) and the 2008 ACCF AUC for Stress 
Echocardiography (2). Appropriate echocardiograms are those that are likely to contribute to 
improving patients’ clinical outcomes, and importantly, inappropriate use of echocardiography 
may be potentially harmful to patients and generate unwarranted costs to the healthcare system.  
 
 


2. METHODS 
 


The indications included in this publication cover a wide array of cardiovascular signs and 
symptoms as well as clinical judgments as to the likelihood of cardiovascular findings. Within 
each main disease category, a standardized approach was used to capture the majority of clinical 
scenarios without making the list of indications excessive. The approach was to create 5 broad 
clinical scenarios regarding the possible use of echocardiography: 1) for initial diagnosis; 2) to 
guide therapy or management, regardless of symptom status; 3) to evaluate a change in clinical 
status or cardiac exam; 4) for early follow-up without change in clinical status; and 5) for late 
follow-up without change in clinical status. Certain specific clinical scenarios were addressed 
with additional focused indications.  
 
The indications were constructed by experts in echocardiography and in other fields and were 
modified on the basis of discussions among the task force and feedback from independent 
reviewers and the technical panel. Wherever possible, indications were mapped to relevant 
clinical guidelines and key publications/references (Online Appendix at 
http://content.onlinejacc.org/cgi/content/full/j.jacc.2010.11.002/DC1). 
 
An important focus during the indication revision process was to harmonize the indications 
across noninvasive modalities, such that the wording of the indications are similar with other 
AUC (3) whenever it was feasible to do so. New indications as well as indication tables were 
created, although it remains likely that several clinical scenarios are not covered by these revised 
AUC for echocardiography. Once the revised indications were written, they were reviewed and 
critiqued by the parent AUC Task Force and by 20 external reviewers representing all 
cardiovascular specialties and primary care before being finalized.  
 
A detailed description of the methods used for ranking the selected clinical indications is found 
in a previous publication, “ACCF Proposed Method for Evaluating the Appropriateness of 
Cardiovascular Imaging” (5). Briefly, this process combines evidence-based medicine and 
practice experience by engaging a technical panel in a modified Delphi exercise. Since the 
original TTE/TEE (1) and stress echocardiography (2) documents and methods paper (5) were 
published, several important processes have been put in place to further enhance the rigor of this 
process. They include convening a formal writing group with diverse expertise in imaging and 
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clinical care, circulating the indications for external review prior to rating by the technical panel, 
ensuring appropriate balance of expertise and practice area of the technical panel, development 
of a standardized rating package, and establishment of formal roles for facilitating panel 
interaction at the face-to-face meeting. 
 
The technical panel first rated indications independently. Then, the panel was convened for a 
face-to-face meeting for discussion of each indication. At this meeting, panel members were 
provided with their scores and a blinded summary of their peers’ scores. After the meeting, panel 
members were then asked to independently provide their final scores for each indication. 
 
Although panel members were not provided explicit cost information to help determine their 
appropriate use ratings, they were asked to implicitly consider cost as an additional factor in their 
evaluation of appropriate use. In rating these criteria, the technical panel was asked to assess 
whether the use of the test for each indication is appropriate, uncertain, or inappropriate, and was 
provided the following definition of appropriate use: 
 
An appropriate imaging study is one in which the expected incremental information, 
combined with clinical judgment, exceeds the expected negative consequences* by a 
sufficiently wide margin for a specific indication that the procedure is generally considered 
acceptable care and a reasonable approach for the indication.  
 
The technical panel scored each indication as follows: 
 
Median Score 7 to 9 
Appropriate test for specific indication (test is generally acceptable and is a reasonable approach 
for the indication). 
 
Median Score 4 to 6 
Uncertain for specific indication (test may be generally acceptable and may be a reasonable 
approach for the indication). Uncertainty also implies that more research and/or patient 
information is needed to classify the indication definitively. 
 
Median Score 1 to 3 
Inappropriate test for that indication (test is not generally acceptable and is not a reasonable 
approach for the indication). 
 
The division of these scores into 3 levels of appropriateness is somewhat arbitrary, and the 
numeric designations should be viewed as a continuum. Further, there is diversity in clinical 
opinion for particular clinical scenarios, such that scores in the intermediate level of appropriate 
use should be labeled “uncertain,” as critical patient or research data may be lacking or 
discordant. This designation should be a prompt to the field to carry out definitive research 
investigations whenever possible. It is anticipated that the AUC reports will continue to be 
revised as further data are generated and information from the implementation of the criteria is 
accumulated. 
 


                                                 
* Negative consequences include the risks of the procedure (i.e., radiation or contrast exposure) and the downstream 
impact of poor test performance such as delay in diagnosis (false-negatives) or inappropriate diagnosis (false-
positives). 
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To prevent bias in the scoring process, the technical panel was deliberately comprised of a 
minority of specialists in echocardiography. Specialists, although offering important clinical and 
technical insights, might have a natural tendency to rate the indications within their specialty as 
more appropriate than nonspecialists. In addition, care was taken in providing objective, 
nonbiased information, including guidelines and key references, to the technical panel. 
 
The level of agreement among panelists as defined by RAND (6) was analyzed based on the 
BIOMED rule for a panel of 14 to 16 members. As such, agreement was defined as an indication 
where 4 or fewer panelists’ ratings fell outside the 3-point region containing the median score. 
 
Disagreement was defined as where at least 5 panelists’ ratings fell in both the appropriate and 
the inappropriate categories. Any indication having disagreement was categorized as uncertain 
regardless of the final median score. Indications that met neither definition for agreement or 
disagreement are in a third, unlabeled category.  
 
 


3. GENERAL ASSUMPTIONS  
 


To prevent any inconsistencies in interpretation, specific assumptions were considered by the 
writing group in developing the indications and by the technical panel when rating the clinical 
indications for the appropriate use of inpatient and outpatient adult TTE/TEE and stress 
echocardiography. 
 
1. A TTE and a TEE examination and report will include the use and interpretation of 2-


dimensional/M-mode imaging, color flow Doppler, and spectral Doppler as important 
elements of a comprehensive TTE/TEE (7–9) evaluating relevant cardiac structures and 
hemodynamics. Stress echocardiography will include rest and stress 2-dimensional imaging 
at a minimum unless performed for hemodynamics, when Doppler must be included (10). 


 
2. All standard echocardiographic techniques for image acquisition, including standard rest 


imaging and stress protocols (10), are available for each indication and have a sensitivity 
and specificity similar to those found in the published literature. Selection for and 
monitoring of contrast use is assumed to be in accord with practice guidelines (11). 


 
3. The test is performed and interpreted by qualified individual(s) in a facility that is 


proficient in the echocardiographic technique (12,13). 
 
4. The range of potential indications for echocardiography is quite large, particularly in 


comparison with other cardiovascular imaging tests. Thus, the indications are, at times, 
purposefully broad to cover an array of cardiovascular signs and symptoms as well as the 
ordering physician’s best judgment as to the presence of cardiovascular abnormalities. 
Additionally, there are likely clinical scenarios that are not covered in this document. 


 
5. A complete clinical history and physical exam has been completed by a qualified clinician 


such that the clinical status of the patient can be assumed to be valid as stated in the 
indication (e.g., an asymptomatic patient is truly asymptomatic for the condition in 
question and that sufficient questioning of the patient has been undertaken). 
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6. If the reason for a test can be assigned to more than 1 indication, it should be classified 


under the most appropriate indication.  
 
7. Cost should be considered implicitly in the appropriate use determination. 
 
8. For each indication, the rating should reflect whether the echocardiogram is reasonable for 


the patient according to the appropriate use definition, not whether the test is preferred over 
another modality. It should not be assumed that for each indication the decision to perform 
a diagnostic test has already been made. It also should not consider issues of local 
availability or skill for any modality or attempt in any way to compare 2 tests with each 
other. 


 
9. The category of “uncertain” should be used when insufficient clinical data are available for 


a definitive categorization or there is substantial disagreement regarding the 
appropriateness of that indication. The designation of “uncertain” should not be used as 
grounds for denial of reimbursement. 


 
10. Indications that describe routine or surveillance echocardiograms imply that the test is 


being considered for a “periodic” evaluation since a certain period of time has elapsed. The 
test is not being ordered due to the anticipation of changing clinical decision making or 
guiding therapy. 


 
11. Prosthetic valves and native valves are to be considered together, except where specifically 


mentioned otherwise in this document. The severity of valve stenosis or regurgitation is 
defined in clinical guidelines (14,15). 


 
12. In general, it is assumed that TEE is most appropriately used as an adjunct or subsequent 


test to TTE when indicated, such as when suboptimal TTE images preclude obtaining a 
diagnostic study. The indications for which TEE may reasonably be the test of first choice 
include, but are not limited to, the indications presented in Table 8 of this document. 


 
13. Intraoperative TEE is an important use of cardiovascular ultrasound. However, this 


application is outside the scope of this document and thus is not addressed here. 
 
14. For all stress imaging, the mode of stress testing is assumed to be exercise (e.g., treadmill, 


bicycle) for patients able to exercise. For patients unable to exercise, it is assumed that 
dobutamine is used for echocardiographic stress testing. Any indications requiring a 
specific mode of stress (e.g., when hemodynamic information is required) are labeled as 
such. 


 
15. Doppler hemodynamic assessment during stress echocardiography includes both right and 


left heart hemodynamics (e.g., valvular gradients, pulmonary artery pressure, mitral 
regurgitation severity).  
 


16. The indications for the perioperative evaluation for noncardiac surgery were modeled after 
the ACCF/AHA guidelines on perioperative cardiovascular evaluation and care for 
noncardiac surgery (16). If a patient has signs/symptoms of suspected cardiac etiology, the 
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clinical scenario should be considered in the symptomatic category (e.g., Indication 1) and 
not in the perioperative section.  


 
17. As with other surgeries, the need for coronary artery disease (CAD) assessment prior to 


solid organ transplantation is related to patient and surgical risk. In general, solid organ 
transplantation should be considered in the vascular surgery category given that CAD is 
common in patients with diabetes mellitus who have end-stage renal disease.  


 
 


4. DEFINITIONS 
 


Definitions of terms used throughout the indication set are listed here. Additional definitions are 
listed in Appendix A. These definitions were provided to and discussed with the technical panel 
prior to ratings of indications. 
 
1. Ischemic Equivalent: Chest Pain Syndrome, Anginal Equivalent, or Ischemic 


Electrocardiographic Abnormalities: Any constellation of clinical findings that the 
physician feels is consistent with CAD. Examples of such findings include, but are not 
limited to, chest pain, chest tightness, chest burning, shoulder pain, palpitations, jaw pain, 
new electrocardiographic abnormalities, or other symptoms/findings suggestive of CAD. 
Nonchest pain symptoms (e.g., dyspnea or reduced/worsening effort tolerance) that are 
thought to be consistent with CAD may also be considered to be an ischemic equivalent. 


 
2. Global CAD Risk: It is assumed that clinicians will use current standard methods of global 


risk assessment such as those presented in the National Heart, Lung, and Blood Institute 
report on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III [ATP III]) (18) or similar national guidelines. 


 
Absolute risk is defined as the probability of developing CAD over a given time period. The 
ATP III report specifies absolute risk for CAD over the next 10 years. CAD risk refers to 10-
year risk for any hard cardiac event (e.g., myocardial infarction or CAD death). However, 
acknowledging that global absolute risk scores may be miscalibrated in certain populations 
(e.g., women, younger men), clinical judgment must be applied in assigning categorical risk 
thresholds in such subpopulations. 


 
a. Low global CAD risk 
Defined by the age-specific risk level that is below average. In general, low risk will 
correlate with a 10-year absolute CAD risk <10%. However, in women and younger men, 
low risk may correlate with 10-year absolute CAD risk <6%. 
 
b. Intermediate global CAD risk 
Defined by the age-specific risk level that is average. In general, moderate risk will 
correlate with a 10-year absolute CAD risk range of 10% to 20%. Among women and 
younger age men, an expanded intermediate risk range of 6% to 20% may be appropriate. 
 
c. High global CAD risk 
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Defined by the age-specific risk level that is above average. In general, high risk will 
correlate with a 10-year absolute CAD risk of >20%. CAD equivalents (e.g., diabetes 
mellitus, peripheral arterial disease) can also define high risk. 
 


3. Pretest Probability of CAD: Symptomatic (Ischemic Equivalent) Patients  
 
Once the physician determines that symptoms are present that may represent CAD, the pretest 
probability of CAD should be assessed. There are a number of risk algorithms (19,20) available 
that can be used to calculate this probability. Clinicians should be familiar with those algorithms 
that pertain to the populations they encounter most often. In scoring the indications, the 
following probabilities, as calculated from any of the various available validated algorithms, 
should be applied. 
 
• Very low pretest probability: <5% pretest probability of CAD 


 
• Low pretest probability: Between 5% and 10% pretest probability of CAD 
 
• Intermediate pretest probability: Between 10% and 90% pretest probability of CAD 


 
• High pretest probability: >90% pretest probability of CAD 
 
The method recommended by the ACC/AHA guidelines for chronic stable angina (21) is 
provided as one example of a method used to calculate pretest probability and is a modification 
of a previously published literature review (22). Please refer to Table A and the definition of 
angina in Appendix A. It is important to note that other historical factors or electrocardiographic 
findings (e.g., prior infarction) can affect pretest probability, although these factors are not 
accounted for in Table A. Similarly, although not incorporated into the algorithm, other CAD 
risk factors may also affect pretest likelihood of CAD. Detailed nomograms are available that 
incorporate the effects of a history of prior infarction, electrocardiographic Q waves and ST- and 
T-wave changes, diabetes, smoking, and hypercholesterolemia (23). 


 
 
Table A. Pretest Probability of CAD by Age, Gender, and Symptoms* 


Age 
(Years) Gender 


Typical/Definite 
Angina Pectoris 


Atypical/Probable 
Angina Pectoris 


Nonanginal  
Chest Pain Asymptomatic 


<39 Men Intermediate Intermediate Low Very low 
 Women Intermediate Very low Very low Very low 


40–49 Men High Intermediate Intermediate Low 
 Women Intermediate Low Very low Very low 


50–59 Men High Intermediate Intermediate Low 
 Women Intermediate Intermediate Low Very low 


>60 Men High Intermediate Intermediate Low 
 Women High Intermediate Intermediate Low 


High: >90% pretest probability. Intermediate: Between 10% and 90% pretest probability. Low: Between 5% and 10% pretest probability. Very 
low: <5% pretest probability. *Modified from the ACC/AHA Exercise Testing Guidelines to reflect all age ranges. 


 
 


5. ABBREVIATIONS 
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ACS = acute coronary syndrome 
APC = atrial premature contraction 
CABG = coronary artery bypass grafting surgery 
CAD = coronary artery disease 
CMR = cardiovascular magnetic resonance 
CRT = cardiac resynchronization therapy 
CT = computed tomography 
ECG = electrocardiogram 
HF = heart failure 
ICD = implantable cardioverter-defibrillator 
LBBB = left bundle-branch block 
LV = left ventricular 
MET = estimated metabolic equivalents of exercise 
MI = myocardial infarction 
PCI = percutaneous coronary intervention 
RNI = radionuclide imaging 
SPECT MPI = single-photon emission computed tomography myocardial perfusion imaging 
STEMI = ST-segment elevation myocardial infarction 
SVT = supraventricular tachycardia 
TEE= transesophageal echocardiogram 
TIA = transient ischemic attack 
TIMI = Thrombolysis In Myocardial Infarction 
TTE = transthoracic echocardiogram 
UA/NSTEMI = unstable angina/non–ST-segment elevation myocardial infarction  
VPC = ventricular premature contraction 
VT = ventricular tachycardia 
 
 


6. RESULTS OF RATINGS 
 


The final ratings for echocardiography are listed by indication in Tables 1 to 18. The final score 
reflects the median score of the 15 technical panel members and has been labeled according to 
the 3 appropriate use categories of appropriate (median 7 to 9), uncertain (median 4 to 6), and 
inappropriate (median 1 to 3). Tables 19 to 21 present the indications by the appropriate use 
categories. 
 
There was less variation in ratings for the indications labeled as either appropriate or 
inappropriate, with 92% and 90%, respectively, showing agreement as defined in Methods 
Section 2. There was greater variability (less agreement) in the rating scores for indications 
defined as uncertain, with 21% showing agreement as defined previously. Two indications, 182 
and 189, were distributed into each extreme such that the panel was classified as being in 
disagreement. However, the median scores for these indications were already placed in the 
uncertain category, so no changes were required to reflect disagreement. Across all categories, 40 
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indications did not meet the definition of agreement; however, the scores were not so divergent 
(as defined by disagreement) as to necessitate a change in the final score. 
 
 
 


7. ECHOCARDIOGRAPHY APPROPRIATE USE CRITERIA (BY 
INDICATION) 


 


Table 1. TTE for General Evaluation of Cardiac Structure and Function 
Indication Appropriate Use Score (1–9) 


Suspected Cardiac Etiology—General With TTE 


1.  
• Symptoms or conditions potentially related to suspected cardiac etiology 


including but not limited to chest pain, shortness of breath, palpitations, TIA, 
stroke, or peripheral embolic event 


A (9) 


2.  
• Prior testing that is concerning for heart disease or structural abnormality 


including but not limited to chest X-ray, baseline scout images for stress 
echocardiogram, ECG, or cardiac biomarkers 


A (9) 


Arrhythmias With TTE 


3.  • Infrequent APCs or infrequent VPCs without other evidence of heart disease I (2) 


4.  • Frequent VPCs or exercise-induced VPCs A (8) 


5.  • Sustained or nonsustained atrial fibrillation, SVT, or VT A (9) 


6.  • Asymptomatic isolated sinus bradycardia I (2) 


Lightheadedness/Presyncope/Syncope With TTE 


7.  
• Clinical symptoms or signs consistent with a cardiac diagnosis known to cause 


lightheadedness/presyncope/syncope (including but not limited to aortic stenosis, 
hypertrophic cardiomyopathy, or HF) 


A (9) 


8.  • Lightheadedness/presyncope when there are no other symptoms or signs of 
cardiovascular disease I (3) 


9.  • Syncope when there are no other symptoms or signs of cardiovascular disease A (7) 


Evaluation of Ventricular Function With TTE 


10.  • Initial evaluation of ventricular function (e.g., screening) with no symptoms or 
signs of cardiovascular disease I (2) 


11.  • Routine surveillance of ventricular function with known CAD and no change in 
clinical status or cardiac exam I (3) 


12.  
• Evaluation of LV function with prior ventricular function evaluation showing 


normal function (e.g., prior echocardiogram, left ventriculogram, CT, SPECT MPI, 
CMR) in patients in whom there has been no change in clinical status or cardiac 
exam 


I (1) 


Perioperative Evaluation With TTE 


13.  • Routine perioperative evaluation of ventricular function with no symptoms or 
signs of cardiovascular disease I (2) 


14.  • Routine perioperative evaluation of cardiac structure and function prior to 
noncardiac solid organ transplantation U (6) 
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Pulmonary Hypertension With TTE 


15.  • Evaluation of suspected pulmonary hypertension including evaluation of right 
ventricular function and estimated pulmonary artery pressure A (9) 


16.  • Routine surveillance (<1 y) of known pulmonary hypertension without change in 
clinical status or cardiac exam I (3) 


17.  • Routine surveillance (≥1 y) of known pulmonary hypertension without change in 
clinical status or cardiac exam A (7) 


18.  • Re-evaluation of known pulmonary hypertension if change in clinical status or 
cardiac exam or to guide therapy A (9) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 2: TTE for Cardiovascular Evaluation in an Acute Setting 
Indication Appropriate Use Score (1–9) 


Hypotension or Hemodynamic Instability With TTE 


19.  • Hypotension or hemodynamic instability of uncertain or suspected cardiac 
etiology A (9) 


20.  • Assessment of volume status in a critically ill patient U (5) 


Myocardial Ischemia/Infarction With TTE 


21.  • Acute chest pain with suspected MI and nondiagnostic ECG when a resting 
echocardiogram can be performed during pain A (9) 


22.  • Evaluation of a patient without chest pain but with other features of an ischemic 
equivalent or laboratory markers indicative of ongoing MI A (8) 


23.  
• Suspected complication of myocardial ischemia/infarction, including but not 


limited to acute mitral regurgitation, ventricular septal defect, free-wall 
rupture/tamponade, shock, right ventricular involvement, HF, or thrombus 


A (9) 


Evaluation of Ventricular Function after ACS With TTE 


24.  • Initial evaluation of ventricular function following ACS A (9) 


25.  • Re-evaluation of ventricular function following ACS during recovery phase when 
results will guide therapy A (9) 


Respiratory Failure With TTE 


26.  • Respiratory failure or hypoxemia of uncertain etiology A (8) 


27.  • Respiratory failure or hypoxemia when a noncardiac etiology of respiratory failure 
has been established U (5) 


Pulmonary Embolism With TTE 


28.  • Suspected pulmonary embolism in order to establish diagnosis I (2) 


29.  • Known acute pulmonary embolism to guide therapy (e.g., thrombectomy and 
thrombolytics) A (8) 


30.  • Routine surveillance of prior pulmonary embolism with normal right ventricular 
function and pulmonary artery systolic pressure I (1) 


31.  
• Re-evaluation of known pulmonary embolism after thrombolysis or thrombectomy 


for assessment of change in right ventricular function and/or pulmonary artery 
pressure 


A (7) 
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Cardiac Trauma With TTE 


32.  • Severe deceleration injury or chest trauma when valve injury, pericardial effusion, 
or cardiac injury are possible or suspected A (9) 


33.  • Routine evaluation in the setting of mild chest trauma with no 
electrocardiographic changes or biomarker elevation I (2) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 3: TTE for Evaluation of Valvular Function 
Indication Appropriate Use Score (1–9) 


Murmur or Click With TTE 


34.  • Initial evaluation when there is a reasonable suspicion of valvular or structural 
heart disease A (9) 


35.  • Initial evaluation when there are no other symptoms or signs of valvular or 
structural heart disease I (2) 


36.  • Re-evaluation in a patient without valvular disease on prior echocardiogram and 
no change in clinical status or cardiac exam I (1) 


37.  • Re-evaluation of known valvular heart disease with a change in clinical status or 
cardiac exam or to guide therapy A (9) 


Native Valvular Stenosis With TTE 


38.  • Routine surveillance (<3 y) of mild valvular stenosis without a change in clinical 
status or cardiac exam I (3) 


39.  • Routine surveillance (≥3 y) of mild valvular stenosis without a change in clinical 
status or cardiac exam A (7) 


40.  • Routine surveillance (<1 y) of moderate or severe valvular stenosis without a 
change in clinical status or cardiac exam I (3) 


41.  • Routine surveillance (≥1 y) of moderate or severe valvular stenosis without a 
change in clinical status or cardiac exam A (8) 


Native Valvular Regurgitation With TTE 


42.  • Routine surveillance of trace valvular regurgitation I (1) 


43.  • Routine surveillance (<3 y) of mild valvular regurgitation without a change in 
clinical status or cardiac exam I (2) 


44.  • Routine surveillance (≥3 y) of mild valvular regurgitation without a change in 
clinical status or cardiac exam U (4) 


45.  • Routine surveillance (<1 y) of moderate or severe valvular regurgitation without a 
change in clinical status or cardiac exam U (6) 


46.  • Routine surveillance (≥1 y) of moderate or severe valvular regurgitation without 
change in clinical status or cardiac exam A (8) 


Prosthetic Valves With TTE 


47.  • Initial postoperative evaluation of prosthetic valve for establishment of baseline  A (9) 


48.  • Routine surveillance (<3 y after valve implantation) of prosthetic valve if no known 
or suspected valve dysfunction  I (3) 


49.  • Routine surveillance (≥3 y after valve implantation) of prosthetic valve if no known 
or suspected valve dysfunction  A (7) 
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50.  • Evaluation of prosthetic valve with suspected dysfunction or a change in  
clinical status or cardiac exam A (9) 


51.  • Re-evaluation of known prosthetic valve dysfunction when it would change 
management or guide therapy A (9) 


Infective Endocarditis (Native or Prosthetic Valves) With TTE 


52.  • Initial evaluation of suspected infective endocarditis with positive blood cultures 
or a new murmur A (9) 


53.  • Transient fever without evidence of bacteremia or a new murmur I (2) 


54.  • Transient bacteremia with a pathogen not typically associated with infective 
endocarditis and/or a documented nonendovascular source of infection I (3) 


55.  • Re-evaluation of infective endocarditis at high risk for progression or 
complication or with a change in clinical status or cardiac exam A (9) 


56.  • Routine surveillance of uncomplicated infective endocarditis when no change in 
management is contemplated I (2) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 4: TTE for Evaluation of Intracardiac and Extracardiac Structures and Chambers   
Indication Appropriate Use Score (1–9) 


57.  • Suspected cardiac mass A (9) 


58.  • Suspected cardiovascular source of embolus A (9) 


59.  • Suspected pericardial conditions A (9) 


60.  • Routine surveillance of known small pericardial effusion with no change in  
clinical status I (2) 


61.  • Re-evaluation of known pericardial effusion to guide management or therapy A (8) 


62.  • Guidance of percutaneous noncoronary cardiac procedures including but not 
limited to pericardiocentesis, septal ablation, or right ventricular biopsy A (9) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 5: TTE for Evaluation of Aortic Disease   
Indication Appropriate Use Score (1–9) 


63.  
• Evaluation of the ascending aorta in the setting of a known or suspected 


connective tissue disease or genetic condition that predisposes to aortic 
aneurysm or dissection (e.g., Marfan syndrome) 


A (9) 


64.  • Re-evaluation of known ascending aortic dilation or history of aortic dissection to 
establish a baseline rate of expansion or when the rate of expansion is excessive A (9) 


65.  
• Re-evaluation of known ascending aortic dilation or history of aortic dissection 


with a change in clinical status or cardiac exam or when findings may alter 
management or therapy 


A (9) 


66.  
• Routine re-evaluation for surveillance of known ascending aortic dilation or 


history of aortic dissection without a change in clinical status or cardiac exam 
when findings would not change management or therapy 


I (3) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
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Table 6: TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Indication Appropriate Use Score (1–9) 


Hypertension With TTE 


67.  • Initial evaluation of suspected hypertensive heart disease A (8) 


68.  • Routine evaluation of systemic hypertension without symptoms or signs of 
hypertensive heart disease I (3) 


69.  • Re-evaluation of known hypertensive heart disease without a change in  
clinical status or cardiac exam U (4) 


HF With TTE 


70.  • Initial evaluation of known or suspected HF (systolic or diastolic) based on 
symptoms, signs, or abnormal test results A (9) 


71.  • Re-evaluation of known HF (systolic or diastolic) with a change in clinical status 
or cardiac exam without a clear precipitating change in medication or diet A (8) 


72.  • Re-evaluation of known HF (systolic or diastolic) with a change in clinical status 
or cardiac exam with a clear precipitating change in medication or diet U (4) 


73.  • Re-evaluation of known HF (systolic or diastolic) to guide therapy A (9) 


74.  • Routine surveillance (<1 y) of HF (systolic or diastolic) when there is no change in 
clinical status or cardiac exam I (2) 


75.  • Routine surveillance (≥1 y) of HF (systolic or diastolic) when there is no change in 
clinical status or cardiac exam U (6) 


Device Evaluation (Including Pacemaker, ICD, or CRT) With TTE 


76.  
• Initial evaluation or re-evaluation after revascularization and/or optimal medical 


therapy to determine candidacy for device therapy and/or to determine optimal 
choice of device 


A (9) 


77.  • Initial evaluation for CRT device optimization after implantation U (6) 


78.  • Known implanted pacing device with symptoms possibly due to device 
complication or suboptimal pacing device settings A (8) 


79.  • Routine surveillance (<1 y) of implanted device without a change in clinical status 
or cardiac exam I (1) 


80.  • Routine surveillance (≥1 y) of implanted device without a change in clinical status 
or cardiac exam I (3) 


Ventricular Assist Devices and Cardiac Transplantation With TTE 


81.  • To determine candidacy for ventricular assist device A (9) 


82.  • Optimization of ventricular assist device settings A (7) 


83.  • Re-evaluation for signs/symptoms suggestive of ventricular assist device-related 
complications A (9) 


84.  • Monitoring for rejection in a cardiac transplant recipient A (7) 


85.  • Cardiac structure and function evaluation in a potential heart donor A (9) 


Cardiomyopathies With TTE 


86.  • Initial evaluation of known or suspected cardiomyopathy (e.g., restrictive, 
infiltrative, dilated, hypertrophic, or genetic cardiomyopathy) A (9) 
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87.  • Re-evaluation of known cardiomyopathy with a change in clinical status or  
cardiac exam or to guide therapy A (9) 


88.  • Routine surveillance (<1 y) of known cardiomyopathy without a change in  
clinical status or cardiac exam I (2) 


89.  • Routine surveillance (≥1 y) of known cardiomyopathy without a change in  
clinical status or cardiac exam U (5) 


90.  • Screening evaluation for structure and function in first-degree relatives of a 
patient with an inherited cardiomyopathy A (9) 


91.  • Baseline and serial re-evaluations in a patient undergoing therapy with  
cardiotoxic agents A (9) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 7: TTE for Adult Congenital Heart Disease  
Indication Appropriate Use Score (1–9) 


92.  • Initial evaluation of known or suspected adult congenital heart disease A (9) 


93.  • Known adult congenital heart disease with a change in clinical status or  
cardiac exam A (9) 


94.  • Re-evaluation to guide therapy in known adult congenital heart disease A (9) 


95.  
• Routine surveillance (<2 y) of adult congenital heart disease following  


complete repair 
o without a residual structural or hemodynamic abnormality 
o without a change in clinical status or cardiac exam 


I (3) 


96.  
• Routine surveillance (≥2 y) of adult congenital heart disease following  


complete repair 
o without residual structural or hemodynamic abnormality  
o without a change in clinical status or cardiac exam 


U (6) 


97.  
• Routine surveillance (<1 y) of adult congenital heart disease following incomplete 


or palliative repair 
o with residual structural or hemodynamic abnormality 
o without a change in clinical status or cardiac exam 


U (5) 


98.  
• Routine surveillance (≥1 y) of adult congenital heart disease following incomplete 


or palliative repair 
o with residual structural or hemodynamic abnormality 
o without a change in clinical status or cardiac exam 


A (8) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 8: TEE 
Indication Appropriate Use Score (1–9) 


TEE as Initial or Supplemental Test—General Uses 


99.  • Use of TEE when there is a high likelihood of a nondiagnostic TTE due to patient 
characteristics or inadequate visualization of relevant structures A (8) 


100.  • Routine use of TEE when a diagnostic TTE is reasonably anticipated to resolve all 
diagnostic and management concerns I (1) 
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101.  
• Re-evaluation of prior TEE finding for interval change (e.g., resolution of thrombus 


after anticoagulation, resolution of vegetation after antibiotic therapy) when a 
change in therapy is anticipated 


A (8) 


102.  
• Surveillance of prior TEE finding for interval change (e.g., resolution of thrombus 


after anticoagulation, resolution of vegetation after antibiotic therapy) when no 
change in therapy is anticipated 


I (2) 


103.  
• Guidance during percutaneous noncoronary cardiac interventions including but 


not limited to closure device placement, radiofrequency ablation, and 
percutaneous valve procedures 


A (9) 


104.  • Suspected acute aortic pathology including but not limited to 
dissection/transsection A (9) 


105.  • Routine assessment of pulmonary veins in an asymptomatic patient status post 
pulmonary vein isolation I (3) 


TEE as Initial or Supplemental Test—Valvular Disease 


106.  • Evaluation of valvular structure and function to assess suitability for, and assist in 
planning of, an intervention A (9) 


107.  
• To diagnose infective endocarditis with a low pretest probability (e.g., transient 


fever, known alternative source of infection, or negative blood cultures/atypical 
pathogen for endocarditis) 


I (3) 


108.  • To diagnose infective endocarditis with a moderate or high pretest probability 
(e.g., staph bacteremia, fungemia, prosthetic heart valve, or intracardiac device) A (9) 


TEE as Initial or Supplemental Test—Embolic Event 


109.  • Evaluation for cardiovascular source of embolus with no identified noncardiac 
source A (7) 


110.  • Evaluation for cardiovascular source of embolus with a previously identified 
noncardiac source U (5) 


111.  • Evaluation for cardiovascular source of embolus with a known cardiac source in 
which a TEE would not change management I (1) 


TEE as Initial Test—Atrial Fibrillation/Flutter 


112.  • Evaluation to facilitate clinical decision making with regard to anticoagulation, 
cardioversion, and/or radiofrequency ablation A (9) 


113.  • Evaluation when a decision has been made to anticoagulate and not to perform 
cardioversion I (2) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 9: Stress Echocardiography for Detection of CAD/Risk Assessment: Symptomatic or Ischemic Equivalent 
Indication Appropriate Use Score (1–9) 


Evaluation of Ischemic Equivalent (Nonacute) With Stress Echocardiography 


114.  • Low pretest probability of CAD  
• ECG interpretable and able to exercise I (3) 


115.  • Low pretest probability of CAD  
• ECG uninterpretable or unable to exercise A (7) 


116.  •  Intermediate pretest probability of CAD 
•  ECG interpretable and able to exercise A (7) 
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117.  •  Intermediate pretest probability of CAD 
•  ECG uninterpretable or unable to exercise A (9) 


118.  •  High pretest probability of CAD 
•  Regardless of ECG interpretability and ability to exercise A (7) 


Acute Chest Pain With Stress Echocardiography 


119.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm  
•  Low-risk TIMI score 
•  Negative troponin levels 


A (7) 


120.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm  
•  Low-risk TIMI score  
•  Peak troponin: borderline, equivocal, minimally elevated 


A (7) 


121.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm 
•  High-risk TIMI score 
•  Negative troponin levels 


A (7) 


122.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm 
•  High-risk TIMI score 
•  Peak troponin: borderline, equivocal, minimally elevated 


A (7) 


123.  • Definite ACS I (1) 
A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 10: Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic 
Equivalent)   


Indication Appropriate Use Score (1–9) 


General Patient Populations With Stress Echocardiography 


124.  • Low global CAD risk I (1) 


125.  • Intermediate global CAD risk  
• ECG interpretable I (2) 


126.  • Intermediate global CAD risk  
• ECG uninterpretable U (5) 


127.  • High global CAD risk U (5) 
A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 11: Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic 
Equivalent) in Patient Populations With Defined Comorbidities 


Indication Appropriate Use Score (1–9) 


New-Onset or Newly Diagnosed HF or LV Systolic Dysfunction With Stress Echocardiography 
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128.  • No prior CAD evaluation and no planned coronary angiography A (7) 


Arrhythmias With Stress Echocardiography 


129.  • Sustained VT A (7) 


130.  • Frequent PVCs, exercise induced VT, or nonsustained VT A (7) 


131.  • Infrequent PVCs I (3) 


132.  • New-onset atrial fibrillation  U (6) 


Syncope With Stress Echocardiography 


133.  • Low global CAD risk I (3) 


134.  • Intermediate or high global CAD risk A (7) 


Elevated Troponin With Stress Echocardiography 


135.  • Troponin elevation without symptoms or additional evidence of ACS A (7) 
A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 12: Stress Echocardiography Following Prior Test Results   
Indication Appropriate Use Score (1–9) 


Asymptomatic: Prior Evidence of Subclinical Disease With Stress Echocardiography 


136.  • Coronary calcium Agatston score <100 I (2) 


137.  • Low to intermediate global CAD risk  
• Coronary calcium Agatston score between 100 and 400 U (5) 


138.  • High global CAD risk  
• Coronary calcium Agatston score between 100 and 400 U (6) 


139.  • Coronary calcium Agatston score >400 A (7) 


140.  • Abnormal carotid intimal medial thickness (≥0.9 mm and/or the presence of 
plaque encroaching into the arterial lumen) U (5) 


Coronary Angiography (Invasive or Noninvasive) With Stress Echocardiography 


141.  • Coronary artery stenosis of unclear significance A (8) 


Asymptomatic or Stable Symptoms With Stress Echocardiography 
Normal Prior Stress Imaging Study 


142.  • Low global CAD risk  
• Last stress imaging study <2 y ago I (1) 


143.  • Low global CAD risk 
• Last stress imaging study ≥2 y ago I (2) 


144.  • Intermediate to high global CAD risk 
• Last stress imaging study <2 y ago I (2) 


145.  • Intermediate to high global CAD risk 
• Last stress imaging study ≥2 y ago U (4) 


Asymptomatic or Stable Symptoms With Stress Echocardiography 
Abnormal Coronary Angiography or Abnormal Prior Stress Study  


No Prior Revascularization  
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146.  • Known CAD on coronary angiography or prior abnormal stress imaging study 
• Last stress imaging study <2 y ago I (3) 


147.  • Known CAD on coronary angiography or prior abnormal stress imaging study 
• Last stress imaging study ≥2 y ago U (5) 


Treadmill ECG Stress Test With Stress Echocardiography 


148.  • Low-risk treadmill score (e.g., Duke) I (1) 


149.  • Intermediate-risk treadmill score (e.g., Duke) A (7) 


150.  • High-risk treadmill score (e.g., Duke) A (7) 


New or Worsening Symptoms With Stress Echocardiography 


151.  • Abnormal coronary angiography or abnormal prior stress imaging study A (7) 


152.  • Normal coronary angiography or normal prior stress imaging study U (6) 


Prior Noninvasive Evaluation With Stress Echocardiography 


153.  • Equivocal, borderline, or discordant stress testing where obstructive CAD 
remains a concern A (8) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 13: Stress Echocardiography for Risk Assessment: Perioperative Evaluation for Noncardiac Surgery Without 
 Active Cardiac Conditions   


Indication Appropriate Use Score (1–9) 


Low-Risk Surgery With Stress Echocardiography 


154.  • Perioperative evaluation for risk assessment I (1) 


Intermediate-Risk Surgery With Stress Echocardiography 


155.  • Moderate to good functional capacity (≥4 METs) I (3) 


156.  • No clinical risk factors I (2) 


157.  • ≥1 clinical risk factor  
• Poor or unknown functional capacity (<4 METs) U (6) 


158.  • Asymptomatic <1 y post normal catheterization, noninvasive test, or previous 
revascularization I (1) 


Vascular Surgery With Stress Echocardiography 


159.  • Moderate to good functional capacity (≥4 METs) I (3) 


160.  • No clinical risk factors I (2) 


161.  • ≥1 clinical risk factor  
• Poor or unknown functional capacity (<4 METs) A (7) 


162.  • Asymptomatic <1 y post normal catheterization, noninvasive test, or previous 
revascularization I (2) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 14: Stress Echocardiography for Risk Assessment: Within 3 Months of an ACS 
Indication Appropriate Use Score (1–9) 


 by Benjamin Steinberg on November 26, 2010 content.onlinejacc.orgDownloaded from 



http://content.onlinejacc.org





  
 


23 
 


STEMI With Stress Echocardiography 


163.  • Primary PCI with complete revascularization  
• No recurrent symptoms 


I (2) 
 


164.  
• Hemodynamically stable, no recurrent chest pain symptoms, or no signs of HF  
• To evaluate for inducible ischemia 
• No prior coronary angiography since the index event 


A (7) 


165.  • Hemodynamically unstable, signs of cardiogenic shock, or mechanical 
complications I (1) 


UA/NSTEMI With Stress Echocardiography 


166.  
• Hemodynamically stable, no recurrent chest pain symptoms, or no signs of HF  
• To evaluate for inducible ischemia 
• No prior coronary angiography since the index event 


A (8) 


ACS—Asymptomatic Postrevascularization (PCI or CABG) With Stress Echocardiography 


167.  • Prior to hospital discharge in a patient who has been adequately revascularized I (1) 


Cardiac Rehabilitation With Stress Echocardiography 


168.  • Prior to initiation of cardiac rehabilitation (as a stand-alone indication) I (3) 
A indicates appropriate; I, inappropriate; and U, uncertain. 


 
 


Table 15: Stress Echocardiography for Risk Assessment: Postrevascularization (PCI or CABG) 
Indication Appropriate Use Score (1–9) 


Symptomatic With Stress Echocardiography 


169.  • Ischemic equivalent A (8) 


Asymptomatic With Stress Echocardiography 


170.  • Incomplete revascularization 
• Additional revascularization feasible A (7) 


171.  • <5 y after CABG I (2) 


172.  • ≥5 y after CABG U (6) 


173.  • <2 y after PCI I (2) 


174.  • ≥2 y after PCI U (5) 


Cardiac Rehabilitation With Stress Echocardiography 


175.  • Prior to initiation of cardiac rehabilitation (as a stand-alone indication) I (3) 
A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 16: Stress Echocardiography for Assessment of Viability/Ischemia 
Indication Appropriate Use Score (1–9) 


Ischemic Cardiomyopathy/Assessment of Viability With Stress Echocardiography 


176.  
• Known moderate or severe LV dysfunction 
• Patient eligible for revascularization  
• Use of dobutamine stress only 


A (8) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
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Table 17: Stress Echocardiography for Hemodynamics (Includes Doppler During Stress)   
Indication Appropriate Use Score (1–9) 


Chronic Valvular Disease—Asymptomatic With Stress Echocardiography 


177.  • Mild mitral stenosis I (2) 


178.  • Moderate mitral stenosis U (5) 


179.  • Severe mitral stenosis A (7) 


180.  • Mild aortic stenosis  I (3) 


181.  • Moderate aortic stenosis U (6) 


182.  • Severe aortic stenosis U (5) 


183.  • Mild mitral regurgitation I (2) 


184.  • Moderate mitral regurgitation U (5) 


185.  • Severe mitral regurgitation 
• LV size and function not meeting surgical criteria A (7) 


186.  • Mild aortic regurgitation I (2) 


187.  • Moderate aortic regurgitation U (5) 


188.  • Severe aortic regurgitation 
• LV size and function not meeting surgical criteria A (7) 


Chronic Valvular Disease—Symptomatic With Stress Echocardiography 


189.  • Mild mitral stenosis U (5) 


190.  • Moderate mitral stenosis A (7) 


191.  • Severe mitral stenosis I (3) 


192.  • Severe aortic stenosis I (1) 


193.  
• Evaluation of equivocal aortic stenosis 
• Evidence of low cardiac output or LV systolic dysfunction (“low gradient aortic 


stenosis”) 
• Use of dobutamine only 


A (8) 


194.  • Mild mitral regurgitation U (4) 


195.  • Moderate mitral regurgitation A (7) 


196.  • Severe mitral regurgitation  
• Severe LV enlargement or LV systolic dysfunction I (3) 


Acute Valvular Disease With Stress Echocardiography 


197.  • Acute moderate or severe mitral or aortic regurgitation I (3) 


Pulmonary Hypertension With Stress Echocardiography 


198.  
• Suspected pulmonary artery hypertension 
• Normal or borderline elevated estimated right ventricular systolic pressure on 


resting echocardiographic study 
U (5) 


199.  • Routine evaluation of patients with known resting pulmonary hypertension I (3) 


200.  • Re-evaluation of patient with exercise-induced pulmonary hypertension to 
evaluate response to therapy U (5) 
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A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 


Table 18: Contrast Use in TTE/TEE or Stress Echocardiography 
Indication Appropriate Use Score (1–9) 


201.  • Routine use of contrast  
• All LV segments visualized on noncontrast images I (1) 


202.  • Selective use of contrast  
• ≥2 contiguous LV segments are not seen on noncontrast images A (8) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 
 


8. ECHOCARDIOGRAPHY APPROPRIATE USE CRITERIA  
(BY APPROPRIATE USE RATING) 


 


Table 19. Appropriate Indications (Median Score 7–9) 
Indication Appropriate Use Score (1–9) 


TTE for General Evaluation of Cardiac Structure and Function 
Suspected Cardiac Etiology—General 


1.  
• Symptoms or conditions potentially related to suspected cardiac etiology 


including but not limited to chest pain, shortness of breath, palpitations, TIA, 
stroke, or peripheral embolic event 


A (9) 


2.  
• Prior testing that is concerning for heart disease or structural abnormality 


including but not limited to chest X-ray, baseline scout images for stress 
echocardiogram, ECG, or cardiac biomarkers 


A (9) 


TTE for General Evaluation of Cardiac Structure and Function 
Arrhythmias 


4.  • Frequent VPCs or exercise-induced VPCs A (8) 


5.  • Sustained or nonsustained atrial fibrillation, SVT, or VT A (9) 


TTE for General Evaluation of Cardiac Structure and Function 
Lightheadedness/Presyncope/Syncope 


7.  
• Clinical symptoms or signs consistent with a cardiac diagnosis known to cause 


lightheadedness/presyncope/syncope (including but not limited to aortic stenosis, 
hypertrophic cardiomyopathy, or HF) 


A (9) 


9.  • Syncope when there are no other symptoms or signs of cardiovascular disease A (7) 


TTE for General Evaluation of Cardiac Structure and Function 
Pulmonary Hypertension 


15.  • Evaluation of suspected pulmonary hypertension including evaluation of right 
ventricular function and estimated pulmonary artery pressure A (9) 


17.  • Routine surveillance (≥1 y) of known pulmonary hypertension without change in 
clinical status or cardiac exam A (7) 


18.  • Re-evaluation of known pulmonary hypertension if change in clinical status or 
cardiac exam or to guide therapy A (9) 
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TTE for Cardiovascular Evaluation in an Acute Setting 
Hypotension or Hemodynamic Instability 


19.  • Hypotension or hemodynamic instability of uncertain or suspected  
cardiac etiology A (9) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Myocardial Ischemia/Infarction 


21.  • Acute chest pain with suspected MI and nondiagnostic ECG when a resting 
echocardiogram can be performed during pain A (9) 


22.  • Evaluation of a patient without chest pain but with other features of an ischemic 
equivalent or laboratory markers indicative of ongoing MI A (8) 


23.  
• Suspected complication of myocardial ischemia/infarction, including but not 


limited to acute mitral regurgitation, ventricular septal defect, free-wall 
rupture/tamponade, shock, right ventricular involvement, HF, or thrombus 


A (9) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Evaluation of Ventricular Function after ACS 


24.  • Initial evaluation of ventricular function following ACS A (9) 


25.  • Re-evaluation of ventricular function following ACS during recovery phase when 
results will guide therapy A (9) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Respiratory Failure 


26.  • Respiratory failure or hypoxemia of uncertain etiology A (8) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Pulmonary Embolism 


29.  • Known acute pulmonary embolism to guide therapy (e.g., thrombectomy and 
thrombolytics) A (8) 


31.  
• Re-evaluation of known pulmonary embolism after thrombolysis or thrombectomy 


for assessment of change in right ventricular function and/or pulmonary artery 
pressure 


A (7) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Cardiac Trauma 


32.  • Severe deceleration injury or chest trauma when valve injury, pericardial effusion, 
or cardiac injury are possible or suspected A (9) 


TTE for Evaluation of Valvular Function 
Murmur or Click 


34.  • Initial evaluation when there is a reasonable suspicion of valvular or structural 
heart disease A (9) 


37.  • Re-evaluation of known valvular heart disease with a change in clinical status or 
cardiac exam or to guide therapy A (9) 


TTE for Evaluation of Valvular Function 
Native Valvular Stenosis 


39.  • Routine surveillance (≥3 y) of mild valvular stenosis without a change in clinical 
status or cardiac exam A (7) 


41.  • Routine surveillance (≥1 y) of moderate or severe valvular stenosis without a 
change in clinical status or cardiac exam A (8) 


46.  • Routine surveillance (≥1 y) of moderate or severe valvular regurgitation without 
change in clinical status or cardiac exam A (8) 
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TTE for Evaluation of Valvular Function 
Prosthetic Valves 


47.  • Initial postoperative evaluation of prosthetic valve for establishment of baseline  A (9) 


49.  • Routine surveillance (≥3 y after valve implantation) of prosthetic valve if no known 
or suspected valve dysfunction  A (7) 


50.  • Evaluation of prosthetic valve with suspected dysfunction or a change in  
clinical status or cardiac exam A (9) 


51.  • Re-evaluation of known prosthetic valve dysfunction when it would change 
management or guide therapy A (9) 


TTE for Evaluation of Valvular Function 
Infective Endocarditis (Native or Prosthetic Valves) 


52.  • Initial evaluation of suspected infective endocarditis with positive blood cultures 
or a new murmur A (9) 


55.  • Re-evaluation of infective endocarditis at high risk for progression or 
complication or with a change in clinical status or cardiac exam A (9) 


TTE for Evaluation of Intracardiac and Extracardiac Structures and Chambers 


57.  • Suspected cardiac mass A (9) 


58.  • Suspected cardiovascular source of embolus A (9) 


59.  • Suspected pericardial conditions A (9) 


61.  • Re-evaluation of known pericardial effusion to guide management or therapy A (8) 


62.  • Guidance of percutaneous noncoronary cardiac procedures including but not 
limited to pericardiocentesis, septal ablation, or right ventricular biopsy A (9) 


TTE for Evaluation of Aortic Disease 


63.  
• Evaluation of the ascending aorta in the setting of a known or suspected 


connective tissue disease or genetic condition that predisposes to aortic 
aneurysm or dissection (e.g., Marfan syndrome) 


A (9) 


64.  • Re-evaluation of known ascending aortic dilation or history of aortic dissection to 
establish a baseline rate of expansion or when the rate of expansion is excessive A (9) 


65.  
• Re-evaluation of known ascending aortic dilation or history of aortic dissection 


with a change in clinical status or cardiac exam or when findings may alter 
management or therapy 


A (9) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Hypertension 


67.  • Initial evaluation of suspected hypertensive heart disease A (8) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
HF 


70.  • Initial evaluation of known or suspected HF (systolic or diastolic) based on 
symptoms, signs, or abnormal test results A (9) 


71.  • Re-evaluation of known HF (systolic or diastolic) with a change in clinical status 
or cardiac exam without a clear precipitating change in medication or diet A (8) 


73.  • Re-evaluation of known HF (systolic or diastolic) to guide therapy A (9) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Device Evaluation (Including Pacemaker, ICD, or CRT) 
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76.  
• Initial evaluation or re-evaluation after revascularization and/or optimal medical 


therapy to determine candidacy for device therapy and/or to determine optimal 
choice of device 


A (9) 


78.  • Known implanted pacing device with symptoms possibly due to device 
complication or suboptimal pacing device settings A (8) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Ventricular Assist Devices and Cardiac Transplantation 


81.  • To determine candidacy for ventricular assist device A (9) 


82.  • Optimization of ventricular assist device settings A (7) 


83.  • Re-evaluation for signs/symptoms suggestive of ventricular assist device-related 
complications A (9) 


84.  • Monitoring for rejection in a cardiac transplant recipient A (7) 


85.  • Cardiac structure and function evaluation in a potential heart donor A (9) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Cardiomyopathies 


86.  • Initial evaluation of known or suspected cardiomyopathy (e.g., restrictive, 
infiltrative, dilated, hypertrophic, or genetic cardiomyopathy) A (9) 


87.  • Re-evaluation of known cardiomyopathy with a change in clinical status or  
cardiac exam or to guide therapy A (9) 


90.  • Screening evaluation for structure and function in first-degree relatives of a 
patient with an inherited cardiomyopathy A (9) 


91.  • Baseline and serial re-evaluations in a patient undergoing therapy with  
cardiotoxic agents A (9) 


TTE for Adult Congenital Heart Disease 


92.  • Initial evaluation of known or suspected adult congenital heart disease A (9) 


93.  • Known adult congenital heart disease with a change in clinical status or  
cardiac exam A (9) 


94.  • Re-evaluation to guide therapy in known adult congenital heart disease A (9) 


98.  
• Routine surveillance (≥1 y) of adult congenital heart disease following incomplete 


or palliative repair 
o with residual structural or hemodynamic abnormality 
o without a change in clinical status or cardiac exam 


A (8) 


TEE as Initial or Supplemental Test—General Uses 


99.  • Use of TEE when there is a high likelihood of a nondiagnostic TTE due to patient 
characteristics or inadequate visualization of relevant structures A (8) 


101.  
• Re-evaluation of prior TEE finding for interval change (e.g., resolution of thrombus 


after anticoagulation, resolution of vegetation after antibiotic therapy) when a 
change in therapy is anticipated 


A (8) 


103.  
• Guidance during percutaneous noncoronary cardiac interventions including but 


not limited to closure device placement, radiofrequency ablation, and 
percutaneous valve procedures 


A (9) 


104.  • Suspected acute aortic pathology including but not limited to 
dissection/transsection A (9) 


TEE as Initial or Supplemental Test—Valvular Disease 
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106.  • Evaluation of valvular structure and function to assess suitability for, and assist in 
planning of, an intervention A (9) 


108.  • To diagnose infective endocarditis with a moderate or high pretest probability 
(e.g., staph bacteremia, fungemia, prosthetic heart valve, or intracardiac device) A (9) 


TEE as Initial or Supplemental Test—Embolic Event 


109.  • Evaluation for cardiovascular source of embolus with no identified noncardiac 
source A (7) 


TEE as Initial Test—Atrial Fibrillation/Flutter 


112.  • Evaluation to facilitate clinical decision making with regards to anticoagulation, 
cardioversion, and/or radiofrequency ablation A (9) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Symptomatic or Ischemic Equivalent 
Evaluation of Ischemic Equivalent (Nonacute) 


115.  • Low pretest probability of CAD  
• ECG uninterpretable or unable to exercise A (7) 


116.  •  Intermediate pretest probability of CAD 
•  ECG interpretable and able to exercise A (7) 


117.  •  Intermediate pretest probability of CAD 
•  ECG uninterpretable or unable to exercise A (9) 


118.  •  High pretest probability of CAD 
•  Regardless of ECG interpretability and ability to exercise A (7) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Symptomatic or Ischemic Equivalent 
Acute Chest Pain 


119.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm  
•  Low-risk TIMI score 
•  Negative troponin levels 


A (7) 


120.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm  
•  Low-risk TIMI score  
•  Peak troponin: borderline, equivocal, minimally elevated 


A (7) 


121.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm 
•  High-risk TIMI score 
•  Negative troponin levels 


A (7) 


122.  


•  Possible ACS 
•  ECG: no ischemic changes or with LBBB or electronically paced ventricular 


rhythm 
•  High-risk TIMI score 
•  Peak troponin: borderline, equivocal, minimally elevated 


A (7) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


New-Onset or Newly Diagnosed HF or LV Systolic Dysfunction 


128.  • No prior CAD evaluation and no planned coronary angiography A (7) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


Arrhythmias 
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129.  • Sustained VT A (7) 


130.  • Frequent PVCs, exercise-induced VT, or nonsustained VT A (7) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


Syncope 


134.  • Intermediate or high global CAD risk A (7) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


Elevated Troponin 


135.  • Troponin elevation without symptoms or additional evidence of ACS A (7) 


Stress Echocardiography Following Prior Test Results 
Asymptomatic: Prior Evidence of Subclinical Disease 


139.  • Coronary calcium Agatston score >400 A (7) 


Stress Echocardiography Following Prior Test Results 
Coronary Angiography (Invasive or Noninvasive) 


141.  • Coronary artery stenosis of unclear significance A (8) 


Stress Echocardiography Following Prior Test Results 
Treadmill ECG Stress Test 


149.  • Intermediate-risk treadmill score (e.g., Duke) A (7) 


150.  • High-risk treadmill score (e.g., Duke) A (7) 


Stress Echocardiography Following Prior Test Results 
New or Worsening Symptoms 


151.  • Abnormal coronary angiography or abnormal prior stress imaging study A (7) 


Stress Echocardiography Following Prior Test Results 
Prior Noninvasive Evaluation 


153.  • Equivocal, borderline, or discordant stress testing where obstructive CAD 
remains a concern A (8) 


Stress Echocardiography for Risk Assessment: Perioperative Evaluation for Noncardiac Surgery Without Active Cardiac Conditions 
Vascular Surgery 


161.  • ≥1 clinical risk factor  
• Poor or unknown functional capacity (<4 METs) A (7) 


Stress Echocardiography for Risk Assessment: Within 3 Months of an ACS 
STEMI 


164.  
• Hemodynamically stable, no recurrent chest pain symptoms, or no signs of HF  
• To evaluate for inducible ischemia 
• No prior coronary angiography since the index event 


A (7) 


Stress Echocardiography for Risk Assessment: Within 3 Months of an ACS 
UA/NSTEMI 


166.  
• Hemodynamically stable, no recurrent chest pain symptoms, or no signs of HF  
• To evaluate for inducible ischemia 
• No prior coronary angiography since the index event 


A (8) 


Stress Echocardiography for Risk Assessment: Postrevascularization (PCI or CABG) 
Symptomatic 


169.  • Ischemic equivalent A (8) 
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Stress Echocardiography for Risk Assessment: Postrevascularization (PCI or CABG) 
Asymptomatic 


170.  • Incomplete revascularization 
• Additional revascularization feasible A (7) 


Stress Echocardiography for Assessment of Viability/Ischemia 
Ischemic Cardiomyopathy/Assessment of Viability 


176.  
• Known moderate or severe LV dysfunction 
• Patient eligible for revascularization  
• Use of dobutamine stress only 


A (8) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Chronic Valvular Disease—Asymptomatic 


179.  • Severe mitral stenosis A (7) 


185.  • Severe mitral regurgitation 
• LV size and function not meeting surgical criteria A (7) 


188.  • Severe aortic regurgitation 
• LV size and function not meeting surgical criteria A (7) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Chronic Valvular Disease—Symptomatic 


190.  • Moderate mitral stenosis A (7) 


193.  
• Evaluation of equivocal aortic stenosis 
• Evidence of low cardiac output or LV systolic dysfunction (“low gradient aortic 


stenosis”) 
• Use of dobutamine only 


A (8) 


195.  • Moderate mitral regurgitation A (7) 


Contrast Use in TTE/TEE or Stress Echocardiography 


202.  • Selective use of contrast  
• ≥2 contiguous LV segments are not seen on noncontrast images A (8) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 


 


Table 20. Uncertain Indications (Median Score 4–6) 
Indication Appropriate Use Score (1–9) 


TTE for General Evaluation of Cardiac Structure and Function 
Perioperative Evaluation 


14.  • Routine perioperative evaluation of cardiac structure and function prior to 
noncardiac solid organ transplantation U (6) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Hypotension or Hemodynamic Instability 


20.  • Assessment of volume status in a critically ill patient U (5) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Respiratory Failure 


27.  • Respiratory failure or hypoxemia when a noncardiac etiology of respiratory failure 
has been established U (5) 


TTE for Evaluation of Valvular Function 
Native Valvular Regurgitation 
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44.  • Routine surveillance (≥3 y) of mild valvular regurgitation without a change in 
clinical status or cardiac exam U (4) 


45.  • Routine surveillance (<1 y) of moderate or severe valvular regurgitation without a 
change in clinical status or cardiac exam U (6) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Hypertension 


69.  • Re-evaluation of known hypertensive heart disease without a change in clinical 
status or cardiac exam U (4) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
HF 


72.  • Re-evaluation of known HF (systolic or diastolic) with a change in clinical status 
or cardiac exam with a clear precipitating change in medication or diet U (4) 


75.  • Routine surveillance (≥1 y) of HF (systolic or diastolic) when there is no change in 
clinical status or cardiac exam U (6) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Device Evaluation (Including Pacemaker, ICD, or CRT) 


77.  • Initial evaluation for CRT device optimization after implantation U (6) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Cardiomyopathies 


89.  • Routine surveillance (≥1 y) of known cardiomyopathy without a change in clinical 
status or cardiac exam U (5) 


TTE for Adult Congenital Heart Disease 


96.  
• Routine surveillance (≥2 y) of adult congenital heart disease following  


complete repair 
o without residual structural or hemodynamic abnormality  
o without a change in clinical status or cardiac exam 


U (6) 


97.  
• Routine surveillance (<1 y) of adult congenital heart disease following incomplete 


or palliative repair 
o with residual structural or hemodynamic abnormality 
o without a change in clinical status or cardiac exam 


U (5) 


TEE as Initial or Supplemental Test—Embolic Event 


110.  • Evaluation for cardiovascular source of embolus with a previously identified 
noncardiac source U (5) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent) 
General Patient Populations 


126.  • Intermediate global CAD risk  
• ECG uninterpretable U (5) 


127.  • High global CAD risk U (5) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


Arrhythmias 


132.  • New-onset atrial fibrillation  U (6) 


Stress Echocardiography Following Prior Test Results 
Asymptomatic: Prior Evidence of Subclinical Disease 


137.  • Low to intermediate global CAD risk  
• Coronary calcium Agatston score between 100 and 400 U (5) 
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138.  • High global CAD risk  
• Coronary calcium Agatston score between 100 and 400 U (6) 


140.  • Abnormal carotid intimal medial thickness (≥0.9 mm and/or the presence of 
plaque encroaching into the arterial lumen) U (5) 


Stress Echocardiography Following Prior Test Results 
Asymptomatic or Stable Symptoms  
Normal Prior Stress Imaging Study 


145.  • Intermediate to high global CAD risk 
• Last stress imaging study ≥2 y ago U (4) 


Stress Echocardiography Following Prior Test Results 
Asymptomatic or Stable Symptoms 


Abnormal Coronary Angiography or Abnormal Prior Stress Study 
No Prior Revascularization 


147.  • Known CAD on coronary angiography or prior abnormal stress imaging study 
• Last stress imaging study ≥2 y ago U (5) 


Stress Echocardiography Following Prior Test Results 
New or Worsening Symptoms 


152.  • Normal coronary angiography or normal prior stress imaging study U (6) 


Stress Echocardiography for Risk Assessment: Perioperative Evaluation for Noncardiac Surgery Without Active Cardiac Conditions 
Intermediate-Risk Surgery 


157.  • ≥1 clinical risk factor  
• Poor or unknown functional capacity (<4 METs) U (6) 


Stress Echocardiography for Risk Assessment: Postrevascularization (PCI or CABG) 
Asymptomatic 


172.  • ≥5 y after CABG U (6) 


174.  • ≥2 y after PCI U (5) 


 Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Chronic Valvular Disease—Asymptomatic 


178.  • Moderate mitral stenosis U (5) 


181.  • Moderate aortic stenosis U (6) 


182.  • Severe aortic stenosis U (5) 


184.  • Moderate mitral regurgitation U (5) 


187.  • Moderate aortic regurgitation U (5) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Chronic Valvular Disease—Symptomatic 


189.  • Mild mitral stenosis U (5) 


194.  • Mild mitral regurgitation U (4) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Pulmonary Hypertension 


198.  
• Suspected pulmonary hypertension 
• Normal or borderline elevated estimated right ventricular systolic pressure on 


resting echocardiographic study 
U (5) 


200.  • Re-evaluation of patient with exercise-induced pulmonary hypertension to 
evaluate response to therapy U (5) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
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Table 21. Inappropriate Indications (Median Score 1–3) 
Indication Appropriate Use Score (1–9) 


TTE for General Evaluation of Cardiac Structure and Function 
Arrhythmias 


3.  • Infrequent APCs or infrequent VPCs without other evidence of heart disease I (2) 


6.  • Asymptomatic isolated sinus bradycardia I (2) 


TTE for General Evaluation of Cardiac Structure and Function 
Lightheadedness/Presyncope/Syncope 


8.  • Lightheadedness/presyncope when there are no other symptoms or signs of 
cardiovascular disease I (3) 


TTE for General Evaluation of Cardiac Structure and Function 
Evaluation of Ventricular Function 


10.  • Initial evaluation of ventricular function (e.g., screening) with no symptoms or 
signs of cardiovascular disease I (2) 


11.  • Routine surveillance of ventricular function with known CAD and no change in 
clinical status or cardiac exam I (3) 


12.  
• Evaluation of LV function with prior ventricular function evaluation showing 


normal function (e.g., prior echocardiogram, left ventriculogram, CT, SPECT MPI, 
CMR) in patients in whom there has been no change in clinical status or cardiac 
exam 


I (1) 


TTE for General Evaluation of Cardiac Structure and Function 
Perioperative Evaluation 


13.  • Routine perioperative evaluation of ventricular function with no symptoms or 
signs of cardiovascular disease I (2) 


TTE for General Evaluation of Cardiac Structure and Function 
Pulmonary Hypertension 


16.  • Routine surveillance (<1 y) of known pulmonary hypertension without change in 
clinical status or cardiac exam I (3) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Pulmonary Embolism 


28.  • Suspected pulmonary embolism in order to establish diagnosis I (2) 


30.  • Routine surveillance of prior pulmonary embolism with normal right ventricular 
function and pulmonary artery systolic pressure I (1) 


TTE for Cardiovascular Evaluation in an Acute Setting 
Cardiac Trauma 


33.  • Routine evaluation in the setting of mild chest trauma with no 
electrocardiographic changes or biomarker elevation I (2) 


TTE for Evaluation of Valvular Function 
Murmur or Click 


35.  • Initial evaluation when there are no other symptoms or signs of valvular or 
structural heart disease I (2) 


36.  • Re-evaluation in a patient without valvular disease on prior echocardiogram and 
no change in clinical status or cardiac exam I (1) 
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TTE for Evaluation of Valvular Function 
Native Valvular Stenosis 


38.  • Routine surveillance (<3 y) of mild valvular stenosis without a change in clinical 
status or cardiac exam I (3) 


40.  • Routine surveillance (<1 y) of moderate or severe valvular stenosis without a 
change in clinical status or cardiac exam I (3) 


TTE for Evaluation of Valvular Function 
Native Valvular Regurgitation 


42.  • Routine surveillance of trace valvular regurgitation I (1) 


43.  • Routine surveillance (<3 y) of mild valvular regurgitation without a change in 
clinical status or cardiac exam I (2) 


TTE for Evaluation of Valvular Function 
Prosthetic Valves 


48.  • Routine surveillance (<3 y after valve implantation) of prosthetic valve if no known 
or suspected valve dysfunction  I (3) 


TTE for Evaluation of Valvular Function 
Infective Endocarditis (Native or Prosthetic Valves) 


53.  • Transient fever without evidence of bacteremia or a new murmur I (2) 


54.  • Transient bacteremia with a pathogen not typically associated with infective 
endocarditis and/or a documented nonendovascular source of infection I (3) 


56.  • Routine surveillance of uncomplicated infective endocarditis when no change in 
management is contemplated I (2) 


TTE for Evaluation of Intracardiac and Extracardiac Structures and Chambers 


60.  • Routine surveillance of known small pericardial effusion with no change in  
clinical status I (2) 


TTE for Evaluation of Aortic Disease 


66.  
• Routine re-evaluation for surveillance of known ascending aortic dilation or 


history of aortic dissection without a change in clinical status or cardiac exam 
when findings would not change management or therapy 


I (3) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Hypertension 


68.  • Routine evaluation of systemic hypertension without symptoms or signs of 
hypertensive heart disease I (3) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
HF 


74.  • Routine surveillance (<1 y) of HF (systolic or diastolic) when there is no change in 
clinical status or cardiac exam I (2) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Device Evaluation (Including Pacemaker, ICD, or CRT) 


79.  • Routine surveillance (<1 y) of implanted device without a change in clinical status 
or cardiac exam I (1) 


80.  • Routine surveillance (≥1 y) of implanted device without a change in clinical status 
or cardiac exam I (3) 


TTE for Evaluation of Hypertension, HF, or Cardiomyopathy 
Cardiomyopathies 
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88.  • Routine surveillance (<1 y) of known cardiomyopathy without a change in clinical 
status or cardiac exam I (2) 


TTE for Adult Congenital Heart Disease 


95.  
• Routine surveillance (<2 y) of adult congenital heart disease following  


complete repair 
o without a residual structural or hemodynamic abnormality 
o without a change in clinical status or cardiac exam 


I (3) 


TEE as Initial or Supplemental Test—General Uses 


100.  • Routine use of TEE when a diagnostic TTE is reasonably anticipated to resolve all 
diagnostic and management concerns I (1) 


102.  
• Surveillance of prior TEE finding for interval change (e.g., resolution of thrombus 


after anticoagulation, resolution of vegetation after antibiotic therapy) when no 
change in therapy is anticipated 


I (2) 


105.  • Routine assessment of pulmonary veins in an asymptomatic patient status post 
pulmonary vein isolation I (3) 


TEE as Initial or Supplemental Test—Valvular Disease 


107.  
• To diagnose infective endocarditis with a low pretest probability (e.g., transient 


fever, known alternative source of infection, or negative blood cultures/atypical 
pathogen for endocarditis) 


I (3) 


TEE as Initial or Supplemental Test—Embolic Event 


111.  • Evaluation for cardiovascular source of embolus with a known cardiac source in 
which a TEE would not change management I (1) 


TEE as Initial Test—Atrial Fibrillation/Flutter 


113.  • Evaluation when a decision has been made to anticoagulate and not to perform 
cardioversion I (2) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Symptomatic or Ischemic Equivalent 
Evaluation of Ischemic Equivalent (Nonacute) 


114.  • Low pretest probability of CAD  
• ECG interpretable and able to exercise I (3) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Symptomatic or Ischemic Equivalent 
Acute Chest Pain 


123.  • Definite ACS I (1) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
General Patient Populations 


124.  • Low global CAD risk I (1) 


125.  • Intermediate global CAD risk  
• ECG interpretable I (2) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


Arrhythmias 


131.  • Infrequent PVCs I (3) 


Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic Equivalent)  
in Patient Populations With Defined Comorbidities 


Syncope 


133.  • Low global CAD risk I (3) 
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Stress Echocardiography Following Prior Test Results 
Asymptomatic: Prior Evidence of Subclinical Disease 


136.  • Coronary calcium Agatston score <100 I (2) 


Stress Echocardiography Following Prior Test Results 
Asymptomatic or Stable Symptoms  
Normal Prior Stress Imaging Study 


142.  • Low global CAD risk  
• Last stress imaging study <2 y ago I (1) 


143.  • Low global CAD risk 
• Last stress imaging study ≥2 y ago I (2) 


144.  • Intermediate to high global CAD risk 
• Last stress imaging study <2 y ago I (2) 


Stress Echocardiography Following Prior Test Results 
Asymptomatic or Stable Symptoms  


Abnormal Coronary Angiography or Abnormal Prior Stress Study 
No Prior Revascularization 


146.  • Known CAD on coronary angiography or prior abnormal stress imaging study 
• Last stress imaging study <2 y ago I (3) 


Stress Echocardiography Following Prior Test Results 
Treadmill ECG Stress Test 


148.  • Low-risk treadmill score (e.g., Duke) I (1) 


Stress Echocardiography for Risk Assessment: Perioperative Evaluation for Noncardiac Surgery Without Active Cardiac Conditions 
Low-Risk Surgery 


154.  • Perioperative evaluation for risk assessment I (1) 


Stress Echocardiography for Risk Assessment: Perioperative Evaluation for Noncardiac Surgery Without Active Cardiac Conditions 
Intermediate-Risk Surgery 


155.  • Moderate to good functional capacity (≥4 METs) I (3) 


156.  • No clinical risk factors I (2) 


158.  • Asymptomatic <1 y post normal catheterization, noninvasive test, or previous 
revascularization I (1) 


Stress Echocardiography for Risk Assessment: Perioperative Evaluation for Noncardiac Surgery Without Active Cardiac Conditions 
Vascular Surgery 


159.  • Moderate to good functional capacity (≥4 METs) I (3) 


160.  • No clinical risk factors I (2) 


162.  • Asymptomatic <1 y post normal catheterization, noninvasive test, or previous 
revascularization I (2) 


Stress Echocardiography for Risk Assessment: Within 3 Months of an ACS 
STEMI 


163.  • Primary PCI with complete revascularization  
• No recurrent symptoms 


I (2) 
 


165.  • Hemodynamically unstable, signs of cardiogenic shock, or mechanical 
complications I (1) 


Stress Echocardiography for Risk Assessment: Within 3 Months of an ACS 
ACS—Asymptomatic Postrevascularization (PCI or CABG) 


167.  • Prior to hospital discharge in a patient who has been adequately revascularized I (1) 
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Stress Echocardiography for Risk Assessment: Within 3 Months of an ACS 
Cardiac Rehabilitation 


168.  • Prior to initiation of cardiac rehabilitation (as a stand-alone indication) I (3) 


Stress Echocardiography for Risk Assessment: Postrevascularization (PCI or CABG) 
Asymptomatic 


171.  • <5 y after CABG I (2) 


173.  • <2 y after PCI I (2) 


Stress Echocardiography for Risk Assessment: Postrevascularization (PCI or CABG) 
Cardiac Rehabilitation 


175.  • Prior to initiation of cardiac rehabilitation (as a stand-alone indication) I (3) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Chronic Valvular Disease—Asymptomatic 


177.  • Mild mitral stenosis I (2) 


180.  • Mild aortic stenosis  I (3) 


183.  • Mild mitral regurgitation I (2) 


186.  • Mild aortic regurgitation I (2) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Chronic Valvular Disease—Symptomatic 


191.  • Severe mitral stenosis I (3) 


192.  • Severe aortic stenosis I (1) 


196.  • Severe mitral regurgitation  
• Severe LV enlargement or LV systolic dysfunction I (3) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Acute Valvular disease 


197.  • Acute moderate or severe mitral or aortic regurgitation I (3) 


Stress Echocardiography for Hemodynamics (Includes Doppler During Stress) 
Pulmonary Hypertension 


199.  • Routine evaluation of patients with known resting pulmonary hypertension I (3) 


Contrast Use in TTE/TEE or Stress Echocardiography 


201.  • Routine use of contrast  
• All LV segments visualized on noncontrast images I (1) 


A indicates appropriate; I, inappropriate; and U, uncertain. 
 
 
 
Flow diagrams 
 
Visual representations (flow diagrams) for all indications are included in the Online Appendix. 
 
Selected flow diagrams for several categories of indications are included here. 
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Figure 1. Stress Echocardiography for Detection of CAD/Risk Assessment: Symptomatic or Ischemic Equivalent 


 
 
 


 
 
Figure 2. Stress Echocardiography for Detection of CAD/Risk Assessment: Asymptomatic (Without Ischemic 
Equivalent) 
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Figure 3. Stress Echocardiography Following Prior Treadmill ECG, Coronary Calcium Scoring, or Carotid Intimal Medial 
Thickness Test Results 
 
 
 


 
 
Figure 4. Stress Echocardiography Following Prior Stress Imaging or Coronary Angiogram Test Results   
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Figure 5. Stress Echocardiography for Risk Assessment—Perioperative Evaluation for Noncardiac Surgery Without 
Active Cardiac Conditions 
 
 


 
 
Figure 6. Stress Echocardiography for Risk Assessment—Postrevascularization (PCI or CABG)   
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9. DISCUSSION 
 
Appropriate use criteria define patient subgroups where the available medical evidence 
supplemented by expert opinion are combined to assess whether the net benefit or risks of a test 
or procedure make it reasonable to perform testing (in this document, echocardiography) in a 
particular clinical situation. The intent of these criteria is to guide the rational use of a procedure, 
namely avoidance of either under- or over-utilization, and thereby lead to improved outcomes, 
more optimal healthcare delivery, and justifiable healthcare expenditures.  
 
This document is a revision and combination of the original AUC for transthoracic and 
transesophageal echocardiography (1) and stress echocardiography (2). The revision adds insight 
provided by interim clinical data and standards documents recently published in the literature 
and clarifies areas in which omissions or lack of clarity existed in the original criteria. 
Additionally, since publication of the original AUC, several studies have assessed the application 
of these criteria in clinical practice; results from these studies were incorporated into this revision 
and will be briefly summarized here. 
 
Implementation studies 
Application of the 2007 AUC for TTE has been evaluated at academic medical centers (22,24–
26), in Veterans Affairs (VA) hospitals (27), and in community settings (28,29). Several 
common themes deserve emphasis. First, the majority of clinical scenarios for which TTEs were 
ordered were captured by AUC indications (11% to 16% of TTEs were unclassified) (24,27). 
Second, across the implementation studies, there are remarkably similar rates of appropriate and 
inappropriate use of TTE. Among those TTEs with an indication addressed by the AUC (thus 
removing unclassifiable patients), the majority were rated as appropriate (87% to 91%) and the 
rate of inappropriate TTEs was consistently low (9% to 13%) (24–27). In 1 study of outpatient 
TTEs (29), the rate of appropriate TTEs was lower (74%), although this may be attributable to a 
higher proportion of unclassified studies in the outpatient setting, a pattern that has been 
observed by others (24,26). The presence of a greater proportion of unclassified TTEs in the 
outpatient setting might be expected given that many of the indications in the original AUC (1) 
specifically address symptoms or a “change in clinical status.”  
 
The most common appropriate indications for TTE included initial evaluation of symptoms 
potentially caused by suspected cardiac etiology, prior testing concerning for heart disease, 
evaluation of valvular disease, and evaluation of a heart failure indication (24) and are repeated 
in this revision as Indications 1, 2, 34, and 70. Recommendations for expanding the AUC related 
to addressing: 1) perioperative evaluation (Indications 13 and 14); 2) timing of follow up for 
valvular heart disease (Indications 38–41 and 43–49); 3) assessment for device therapy 
(Indications 76–83); and 4) use in some specialized care or “niche” programs (e.g., solid organ 
transplantation) (Indications 14, 84, and 85), and these scenarios were included in the current 
document. Finally, more indications reflecting outpatient clinical scenarios (e.g., no change in 
clinical status) were added. 
 
Studies evaluating the application of AUC for TEE had similar results, with the vast majority of 
classifiable TEEs being ordered for appropriate indications (94% to 97%) and a smaller number 
not being classified by the AUC (6% to 9%) (30–32). The fact that the operator is more 
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intimately involved in the decision to perform TEE may help to explain the higher appropriate 
use rate of TEE compared with TTE. The most common indication for an initial TEE was to 
guide anticoagulation decisions in patients with atrial fibrillation or flutter (Indications 112 and 
113) (30,31). Recommendations for revision focused on refinement of the indications for 
evaluation of cardiovascular source of embolus (Indications 109–111). 
 
Fewer studies have focused on the clinical application of AUC for stress echocardiography 
(33,34). In 1 study, 19% of stress echocardiograms could not be classified by the AUC (33). Of 
the echocardiograms that were classified, 66% were for appropriate indications. The majority of 
unclassified studies were centered in 2 areas: perioperative risk assessment and risk assessment 
with prior test results. In another study, 88% (n=253) of stress echocardiograms were ordered for 
indications outlined in the AUC, whereas 12% (n=36) were ordered for indications not addressed 
by the AUC (34). Of the 253 studies for which the AUC document could be applied, 71% 
(n=180) studies were appropriate, 9% (n=23) were uncertain, and 20% (n=50) were 
inappropriate studies.  
 
The results of the implementation studies demonstrate that the rate of inappropriate use of 
echocardiography is similar in various regions of the United States. In contrast, other studies of 
resource utilization have documented regional differences in utilization patterns (35). A recent 
study (36) suggests that a substantial amount of the observed geographic variability in use is 
attributable to corresponding regional differences in patient health, a conclusion supported by the 
AUC implementation data which, unlike claims data, inherently address clinical status. Further 
application of AUC may help to dissect the true variations in care delivery by supplementing 
claims data with clinical data; however, this warrants further study.  
 
In summary, studies evaluating clinical application of AUC for echocardiography suggest that 
the majority of clinical scenarios could be classified by the criteria and that the majority of 
studies were ordered for appropriate indications. Further, the studies identified gaps in the AUC, 
likely due to both omissions in the initial criteria and subsequent advances in specialized care, 
which were of substantial utility in guiding the revision process. Although improved, we do not 
expect this AUC document to be all-inclusive of the wide breadth of all possible clinical 
scenarios. Although the results from the implementation studies indicate that the original AUC 
for echocardiography were successful, they also support the need for the current update and 
revision of the criteria.  
 
Other Features of the Revision  
In addition to incorporating the results from implementation studies, several other aspects of the 
revision deserve emphasis. First, the revised document combines TTE, TEE, and stress 
echocardiography, whereas the initial TTE and TEE AUC (1) were published separately from the 
stress echocardiography AUC (2). The indication tables still focus on each modality separately, 
for example, TTE (or TEE as an adjunct if TTE nondiagnostic), TEE as an initial test, and stress 
echocardiography. The exception is the final table (Table 18, Indications 201 and 202), which 
covers contrast use and is applicable to all of the echocardiographic modalities. Second, a new 
table was created to cover indications related to patients with adult congenital heart disease, as 
this patient population is being encountered with greater frequency by adult cardiologists (Table 
7, Indications 92–98) (37). It should be noted that, with the exception of some adults with ligated 
or occluded patent ductus arteriosus (covered in Indications 95 and 96), most congenital heart 
conditions have the potential for residual anatomic or physiologic abnormalities, so that, even for 
many asymptomatic and stable patients, an echocardiogram will be considered to guide 
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therapeutic decision making rather than for routine surveillance. Third, existing tables were 
expanded to be more comprehensive in covering various clinical situations. Fourth, efforts were 
made to address clinical scenarios that have recently been addressed in revised or new practice 
guidelines, such as valvular heart disease (14), perioperative evaluation (16), and evaluation of 
thoracic aortic disease (38). The goal of relating indications to the available evidence base was a 
consistent feature during the revision process (see Online Appendix). If randomized trials or 
practice guidelines relevant to indications were not available, clinical scenarios addressed in 
expert consensus documents were identified whenever possible. Finally, indications were added 
to better address evolving therapeutic options such as CRT (Indications 76–78) or 
treatment/follow-up of pulmonary hypertension (Indications 15–18). 
 
An important focus during the revision process was to harmonize the indications across 
noninvasive modalities, such that the wording of the indications is identical with other AUC 
criteria (3) whenever feasible. For echocardiography, harmonization with other documents was 
most relevant for the stress echocardiography portion. For instance, Table 13, which addresses 
the perioperative assessment for noncardiac surgery, mirrors Table 4 in the RNI document (3). 
This should facilitate clinical application of the criteria and assist the process of future revisions 
and possibly the development of a multimodality imaging AUC document. 
 
Stress echocardiography tests, like many imaging tests, may provide additional useful 
information beyond the primary purpose outlined by the indication. In addition, stress 
echocardiography does not use ionizing radiation. However, the AUC for stress 
echocardiography were not developed to quantify the incremental information or other test 
characteristics beyond addressing the diagnostic need inherent in an individual indication.  
 
In ranking indications, panelists were asked to not consider comparisons to other imaging 
procedures while completing their rankings. Nevertheless, stress echocardiography and SPECT 
MPI have similar bodies of evidence to support their use. Therefore, it is not surprising that the 
overwhelming majority of final ratings of stress echocardiography and stress RNI were 
concordant for similar clinical indications. However, a small number of the final scores and 
rating categories reported in this document differ from those previously published for stress RNI 
(3). Specifically, 4 indications (Indications 127, 157, 171, and 172) were rated differently. It is 
noteworthy that of these 4 indications, 3 also appeared in the first stress echocardiography AUC 
(2), and all 3 indications were rated similarly in this revision, requiring consistency in ratings 
across the 2 technical panels composed of different individuals. The difference in the rating for 
Indication 127 may have been directly affected by publication of the DIAD study (39), which 
was not available at the time of the RNI ratings. Additionally, although the final rankings were 
different from the RNI ratings, Indications 127 and 171 demonstrated agreement within the 
current echocardiography technical panel. Therefore, the several indications with ratings that 
differed from RNI may reflect new literature that has become available since publication of the 
SPECT appropriateness criteria and differences in the composition of the 2 panels. 
 
Readers should also note that the categorical summaries tend to accentuate differences that 
sometimes are slight. For example, small fluctuations in a median rating (e.g., 4 versus 3) will 
cause an indication to switch appropriateness categories (e.g., from uncertain to inappropriate). 
This phenomenon was relevant for Indication 127, which was rated as uncertain (median score 6) 
in this document, while the same indication in the RNI document (corresponding Indication 
number 15) was rated appropriate (median score 7). The most likely reason for this is a simple 
variation in rating by the different panel members, whether because of composition, different 
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levels of clinical experience, publication of additional literature, or different interpretations of 
data. The AUC Task Force has carefully examined the issue of panel membership and made 
every effort to ensure similar composition for each panel. The RAND process has documented 
that the interpretation of the literature by different sets of experts can yield slightly different final 
ratings (6). 
 
As described in the Methods section, within each main disease category, a standardized approach 
was used in order to capture the majority of clinical scenarios without making the list of 
indications excessive. The approach was to create 5 broad clinical scenarios: 1) for initial 
diagnosis; 2) to guide therapy or management, regardless of symptom status; 3) to evaluate a 
change in clinical status or cardiac exam; 4) for early follow-up without change in clinical status; 
and 5) for late follow-up without change in clinical status. It should be noted that many 
cardiovascular conditions have the potential for residual anatomic or physiologic abnormalities, 
so that the timing and follow-up use of echocardiographic imaging depends on the patient’s 
clinical status and the magnitude of or risk for residual abnormalities. Thus, routine surveillance 
indications for echocardiograms should not apply in those situations in which there has been a 
change in status or where an echocardiogram is being considered to guide therapeutic decision 
making. For asymptomatic or stable patients with known or suspected residual anatomic or 
physiologic abnormalities, the timing of the follow-up for considering changes in therapy in 
patients should be determined by individual patient factors, and not by the suggested intervals for 
routine surveillance studies. 
 
Overall, indications focusing on initial diagnosis, guidance of therapy, or evaluation of a change 
in clinical status were viewed favorably by the rating panel. Uncertain or inappropriate ratings 
were more likely given to early rather than late follow-up, especially for those indications when 
the optimal interval of follow-up for asymptomatic patients is uncertain. Whenever possible, 
indications for timing of follow-up attempted to follow practice guidelines (14), although for 
many indications, the most appropriate follow-up interval for asymptomatic patients is not well 
established. For this reason, as well as for clinical expediency, the follow-up interval selected is 
not meant to be rigid but rather to represent an approximate time interval.  
 
Although the overall approach was broad and inclusive, certain specific clinical scenarios 
warranted focused indications based on results from the previously mentioned implementation 
studies. Examples include Indications 71 and 72, which differentiate the re-evaluation of 
decompensated heart failure when there is no clear precipitating change in medication or diet 
versus when there is a clear precipitating factor. In the setting of an obvious change in diet or 
medication, a trial of appropriate medical therapy and monitoring for clinical improvement may 
be justified prior to ordering a repeat imaging test for assessment of cardiac function (25). As 
such, Indication 72 (clear precipitating change in medication or diet) was rated as uncertain, and 
Indication 71 was rated as appropriate. Another focused clinical situation is reflected in 
Indication 76, “Initial evaluation or re-evaluation after revascularization and/or optimal medical 
therapy to determine candidacy for device therapy and/or to determine optimal choice of device.” 
As per the results of an implementation study (24), this clinical scenario was not well captured in 
the initial AUC document. However, re-evaluation of LV ejection fraction after revascularization 
or after a period of medical therapy to determine device candidacy represents a standard of care 
(40) and is a common indication for a TTE. This is now represented by Indication 76, which was 
rated as appropriate. 
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Other specific areas identified by implementation studies as common scenarios and now included 
are bradycardia (Indication 6) and a new subcategory within TTE for the evaluation of syncope 
(Indications 7–9). Additionally, the sections on valvular heart disease (both resting TTE/TEE and 
stress echocardiography for hemodynamics) have been expanded in an effort to address a greater 
number of clinical scenarios, and closely follow recent guideline recommendations (14).  
 
Despite these extensive revisions and additions, all potential clinical scenarios were not covered 
by the revised AUC for echocardiography. Additionally, certain recommendations from 
implementation studies were considered to represent rare conditions or specialized practices and 
were therefore not included in the revised document. If certain clinical situations that are not 
currently covered are found to be more frequent than anticipated, they will be incorporated into 
future revisions. This emphasizes the iterative nature of this process. 
 
Furthermore, there are several general categories that were purposefully not addressed. For 
example, intraoperative use of TEE for cardiac surgery was felt to be beyond the scope of this 
document. More highly specialized echocardiographic techniques, such as 3-dimensional 
echocardiography or epicardial imaging, are not addressed in this document. Additionally, as 
stated in the first paragraph of the Assumptions section, the AUC for TTE, TEE, and stress 
echocardiography are for adult patients. Indications for pediatric echocardiograms were not 
covered.  
 
New Assumptions and Definitions 
In addition to adding new clinical indications and clarifying existing indications from the 
original TTE/TEE AUC (1) and stress echocardiography AUC (2), the writing group also revised 
and added specific assumptions and definitions. Several general assumptions were added. First, 
the assumption that cost should be implicitly considered in determining appropriate use of an 
echocardiogram was added. Second, a new assumption addresses the category of uncertain 
indications and clarifies that such a rating should not be considered grounds for withholding 
reimbursement. Third, a new assumption indicates that appropriateness ratings reflect whether a 
specific test is appropriate for a given patient, not whether it is preferred over another modality 
(e.g., RNI, CT). Thus, the AUC should not be used to provide clinical support for administrative 
policies regarding test preferences. Finally, an assumption clarifies that routine or surveillance 
echocardiograms represent a “periodic” evaluation after a certain period of time has elapsed, and 
are not being ordered because of any other clinical factors. Other more specific assumptions 
were also added. These include consideration of prosthetic and native valves together (unless 
otherwise specified) and that use of Doppler for hemodynamics includes assessment of both right 
and left heart hemodynamics. Furthermore, it is assumed that if a perioperative patient has 
symptoms or signs of cardiovascular disease, the study should be classified under a symptomatic 
indication (e.g., Indication 1), as opposed to an indication in the perioperative category. 
 
Similar to the RNI AUC (3), the writing group revised the definition of “chest pain syndrome” 
and adopted the term “ischemic equivalent,” which encompasses chest pain syndromes as well as 
other symptoms and signs that the clinician believes may be attributable to CAD. The writing 
group also adopted the use of global risk assessment when assessing risk in asymptomatic 
patients (41). This revision was supported by the writing group, technical panel, and external 
reviewers and is in harmony with the most recent AUC for Cardiac CT (4). 
 
Limitations 
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The ratings of the indications as appropriate, uncertain, or inappropriate are reflective of the 
body of knowledge at the time the rating process occurred. It is likely and expected that as 
science progresses and new evidence-based guidelines are published, certain indications that are 
given 1 rating may subsequently be determined to have a different appropriateness rating in the 
future. Although this necessarily reflects the evolving nature of medical science, it may also 
introduce apparent discrepancies between appropriateness of similar indications for different 
modalities evaluated at different time points. The current evidence base and practice guidelines 
were used to develop the indications whenever available, although for certain indications the 
literature was limited and clinical expertise played a larger role. This is consistent with the 
standard methodology and principles of evidence-based medicine as endorsed by the Physician 
Consortium for Performance Improvement (42). Additionally, as mentioned in the previous text, 
certain clinical scenarios were intentionally not covered by the indications. When future 
implementation studies evaluating this revised AUC for echocardiography are conducted, it may 
become apparent that frequent situations were not covered. As was the case for this current 
revision, results and recommendations from implementation studies will help shape future 
modifications to the AUC. 
 
Use of AUC to Improve Care 
The AUC in this report provide an estimate of whether it is reasonable to use echocardiography 
for a particular clinical scenario, specifically for 1 of the 202 indications listed in this document. 
These criteria are expected to be useful for clinicians, healthcare facilities, and third-party payers 
engaged in the delivery of cardiovascular imaging. The AUC is expected to be valuable across a 
broad range of situations, including guiding care of individual patients, educating caregivers, and 
informing policy decisions regarding cardiovascular imaging.  
 
AUC represent the first component of the chain of quality domains for cardiovascular imaging 
(43). After ensuring proper test selection, the achievement of quality in imaging includes 
adherence to best practices in image acquisition, image interpretation and results communication, 
as well as incorporation of findings into clinical care. All components are important for optimal 
patient care, although the development of AUC and their ranking by the technical panel is 
intended to address only the first quality domain, and assumes no barriers to other quality 
standards are being met.  
 
Although these criteria are intended to provide guidance for care decisions, they cannot serve as 
substitutes for sound clinical judgment and practice experience. The writing group recognizes 
that patients encountered in clinical practice may not be represented in these AUC or may have 
extenuating features when compared with the clinical scenarios presented. Additionally, 
uncertain indications often require individual physician judgment and an in-depth understanding 
of the patient to better determine the usefulness of a test for a particular scenario. As such, the 
ranking of an indication as uncertain (4 to 6) should not be viewed as limiting the use of 
echocardiography for such patients. It should be emphasized that the technical panel was 
instructed that the “uncertain” designation was still designed to be considered as a 
“reimbursable” category. 
 
These ratings reflect the critical medical literature as well as expert consensus and are intended 
to evaluate the appropriate use of specific patient scenarios to determine overall patterns of care 
regarding echocardiography. In situations where there is substantial variation between the 
appropriate use rating and what the clinician believes is the best recommendation for the patient, 
further considerations or actions, such as a second opinion, may be appropriate. Moreover, it is 
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neither anticipated nor desirable that all physicians or facilities will have 100% of their 
echocardiograms deemed appropriate. However, it is desirable, though not realistic, that 0% be 
inappropriate. Related to the overall patterns of care, if the national average of appropriate and 
uncertain ratings is 80%, for example, and a physician or facility has a 40% rate of inappropriate 
procedures, further examination of the patterns of care may be warranted and helpful. The use of 
AUC to guide clinical decision making and its impact on patient outcomes and healthcare 
quality/efficiency needs to be studied rigorously. AUC are also useful as educational tools for 
both echocardiography providers and referring physicians. The recently announced and soon to 
be implemented incorporation of AUC into echocardiography laboratory accreditation 
requirements will encourage their use (44). However, the greatest opportunity to optimize the use 
of echocardiography is in improving individual patient decision making. The successful 
application of AUC into clinical practice represents an important area of ongoing quality 
improvement.  
 
 
 
APPENDIX A: ADDITIONAL ECHOCARDIOGRAPHY DEFINITIONS 
 


1. Angina  
 


• Typical Angina (Definite): Defined as 1) substernal chest pain or discomfort that is 2) 
provoked by exertion or emotional stress and 3) relieved by rest and/or nitroglycerin (45). 
 
• Atypical Angina (Probable): Chest pain or discomfort that lacks 1 of the characteristics of 
definite or typical angina.  
 
• Nonanginal Chest Pain: Chest pain or discomfort that meets 1 or none of the typical 
angina characteristics. 


 
 
2. Acute Coronary Syndrome (ACS)  
 


As defined by the ACC/AHA Guidelines for the Management of Patients with ST-Elevation 
Myocardial Infarction: patients with an ACS include those whose clinical presentations cover 
the following range of diagnoses: unstable angina, myocardial infarction without ST-segment 
elevation (NSTEMI), and myocardial infarction with ST-segment elevation (STEMI) (46). 


 
 
3. Evaluating Perioperative Risk for Noncardiac Surgery  
 
Method for Determining Perioperative Risk 
 


See Figure A1, “Stepwise Approach to Perioperative Cardiac Assessment,” from the 
ACCF/AHA guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery 
(16). Based on the algorithm, once it is determined that the patient does not require urgent 
surgery, the clinician should determine the patient’s active cardiac conditions (see Table A1) 
and/or perioperative risk predictors (see Table A2). If any active cardiac conditions and/or 
major risk predictors are present, Figure A1 suggests consideration of coronary angiography 
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and postponing or canceling noncardiac surgery. Once perioperative risk predictors are 
assessed based on the algorithm, then the surgical risk and patient’s functional status should 
be used to establish the need for noninvasive testing. 
 


 


 


Figure A1. Stepwise Approach to Perioperative Cardiac Assessment 
Cardiac evaluation and care algorithm for noncardiac surgery based on active clinical conditions, known cardiovascular disease, or 
cardiac risk factors for patients ≥50 years of age. HR indicates heart rate; LOE, level of evidence; and MET, metabolic equivalent. 
Modified from (16).  
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Table A1: Active Cardiac Conditions for Which the Patient Should Undergo Evaluation  
and Treatment Before Noncardiac Surgery (Class I, Level of Evidence: B)  


Condition Examples 
Unstable coronary syndromes Unstable or severe angina* (CCS class III or IV)† 
 Recent MI‡ 
Decompensated HF 
(NYHA functional class IV;  
worsening or new-onset HF) 


 


Significant arrhythmias High-grade atrioventricular block 
 Mobitz II atrioventricular block 
 Third-degree atrioventricular heart block 
 Symptomatic ventricular arrhythmias 
 Supraventricular arrhythmias (including atrial 


fibrillation) with uncontrolled ventricular rate  
(HR >100 bpm at rest) 


 Symptomatic bradycardia 
 Newly recognized ventricular tachycardia 
Severe valvular disease Severe aortic stenosis (mean pressure gradient >40 


mm Hg, aortic valve area <1.0 cm2, or 
symptomatic) 


 Symptomatic mitral stenosis 
(progressive dyspnea on exertion, extertional 
presyncope, or HF) 


 


*According to Campeau (47); †May include “stable” angina in patients who are unusually sedentary; ‡The 
American College of Cardiology National Database Library defines recent MI as >7 days but ≤1 month (within 
30 days). Reprinted from Fleisher et al. (16). 
CCS indicates Canadian Cardiovascular Society; HF, heart failure; HR, heart rate; MI, myocardial infarction; 
and NYHA, New York Heart Association. 


 


Table A2. Perioperative Clinical Risk Factors* 
• History of ischemic heart disease 
• History of compensated or prior heart failure 
• History if cerebrovascular disease 
• Diabetes mellitus (requiring insulin) 
• Renal insufficiency (creatinine >2.0) 


 


*As defined by the 2009 ACCF/AHA Focused Update on 
Perioperative Beta Blockade Incorporated Into the ACC/AHA 
2007 Guidelines on Perioperative Cardiovascular Evaluation 
and Care for Noncardiac Surgery (16). Note that these are not 
standard coronary artery disease risk factors. 


 
 
 


4. Thrombolysis In Myocardial Infarction (TIMI) Risk Scores 
 
The TIMI risk score (48) is a simple tool composed of 7 (1-point) risk indicators rated on 
presentation. The composite end points (all-cause mortality, new or recurrent MI, or severe 
recurrent ischemia prompting urgent revascularization within 14 days) increase as the TIMI 
risk score increases. The model remained a significant predictor of events and test sensitivity 
and was relatively unaffected/uncompromised by missing information, such as knowledge of 
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previously documented coronary stenosis of ≥50%. The model’s predictive ability remained 
intact with a cutoff of 65 years of age. 
 
The TIMI risk score is determined by the sum of the presence of 7 variables at admission; 1 
point is given for each of the following variables: age ≥65 years, at least 3 risk factors for 
CAD, prior coronary stenosis of ≥50%, ST-segment deviation on ECG presentation, at least 2 
anginal events in prior 24 hours, use of aspirin in prior 7 days, and elevated serum cardiac 
biomarkers 


 
Low-Risk TIMI Score: TIMI score <2 
 
High-Risk TIMI Score: TIMI score ≥2 


 
 
 


5. ECG–Uninterpretable 
 


Refers to ECGs with resting ST-segment depression (≥0.10 mV), complete LBBB, pre-
excitation (Wolff-Parkinson-White Syndrome), or paced rhythm. 


 
 
6. Coronary Angiography 
 


The term “coronary angiography” refers to invasive cardiac catheterization or to established 
noninvasive methods of imaging the coronary arteries, such as coronary CT angiography.  


 
 


APPENDIX B: ADDITIONAL METHODS 
 
See the Methods section of the report for a description of panel selection, indication 
development, scope of indications, and rating process.  


Relationships With Industry and Other Entities 
 
The American College of Cardiology Foundation and its partnering organizations rigorously 
avoid any actual, perceived, or potential conflicts of interest that might arise as a result of an 
outside relationship or personal interest of a member of the technical panel. Specifically, all 
panelists are asked to provide disclosure statements of all relationships that might be perceived 
as real or potential conflicts of interest. These statements were reviewed by the Appropriate Use 
Criteria Task Force, discussed with all members of the technical panel at the face-to-face 
meeting, and updated and reviewed as necessary. A table of disclosures by the technical panel 
and oversight working group member can be found in Appendix C. In addition, to ensure 
complete transparency, complete disclosure information—including relationships not pertinent to 
this document—is available online as a document supplement. 
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Literature Review  
 
The technical panel members were asked to refer to the relevant literature provided for each 
indication table when completing their ratings (see Online Appendix).  
 
 


APPENDIX C: ACCF/ASE/AHA/ASNC/HFSA/HRS/SCAI/SCCM/SCCT/ 
SCMR 2011 APPROPRIATE USE CRITERIA FOR 
ECHOCARDIOGRAPHY PARTICIPANTS 
 
 
Echocardiography Writing Group 
 
Pamela S. Douglas, MD, MACC, FAHA, FASE–Chair, Appropriate Use Criteria for 
Echocardiography, Past President, American College of Cardiology Foundation; Past President 
American Society of Echocardiography; and Ursula Geller Professor of Research in 
Cardiovascular Diseases, Duke University Medical Center, Durham, NC 
 
Mario J. Garcia, MD, FACC, FACP–Professor of Medicine, Montefiore Medical Center and 
Albert Einstein College of Medicine, Bronx, NY 
 
David E. Haines, MD, FACC, FHRS–Professor of Cardiovascular Medicine, Oakland 
University, William Beaumont School of Medicine, Chairman, Department of Cardiovascular 
Medicine, Beaumont Hospitals, Royal Oak, MI 
 
Wyman W. Lai, MD, MPH, FACC, FASE–Morgan Stanley Children’s Hospital of NY, Pediatric 
Cardiology, Director, Noninvasive Cardiac Imaging Laboratory, New York, NY 
 
Warren J. Manning, MD, FACC–Professor of Medicine and Radiology, Harvard Medical 
School, Beth Israel Deaconess Medical Center, Cardiovascular Division, Boston, MA  
 
Ayan R. Patel, MD, FACC–Director, Cardiovascular Imaging & Hemodynamic Laboratory and 
Physician, Heart Failure & Cardiac Transplant Center, Tufts Medical Center; Associate 
Professor of Medicine, Tufts University School of Medicine, Boston, MA  
  
Michael H. Picard, MD, FACC, FASE, FAHA–Director, Echocardiography, Massachusetts 
General Hospital, 
Associate Professor of Medicine, Harvard Medical School, Boston, MA 
 
Donna M. Polk, MD, MPH, FACC, FASE, FASNC–Director, Preventative Cardiology, Hartford 
Hospital, Hartford, CT  
 
Michael Ragosta, MD, FACC, FSCAI–Professor of Medicine/Cardiology, Director, Cardiac 
Catheterization Laboratories, Department of Medicine, Division of Cardiovascular Medicine, 
University of Virginia Health System, Charlottesville, VA 
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R. Parker Ward, MD, FACC, FASE, FASNC–Associate Professor of Medicine, Director of 
Cardiovascular Fellowship Program, University of Chicago Medical Center, Chicago, IL. 
 
Rory B. Weiner, MD–Clinical and Research Fellow, Harvard Medical School, Massachusetts 
General Hospital, Cardiology Division, Boston, MA 
 
 
Echocardiography Technical Panel  
 
Steven R. Bailey, MD, FACC, FSCAI, FAHA–Moderator of the Technical Panel, Chair, 
Division of Cardiology, Professor of Medicine and Radiology, Janey Briscoe Distinguished 
Chair, University of Texas Health Sciences Center, San Antonio, TX 
 
Rory B. Weiner, MD–Writing Group Liaison Appropriate Use Criteria for Echocardiography 
Technical Panel, Clinical and Research Fellow, Harvard Medical School, Massachusetts General 
Hospital, Cardiology Division, Boston, MA 
 
Peter Alagona, Jr, MD, FACC–Program Director General Cardiology, Penn State Heart and 
Vascular Institute, Hershey, PA 
 
Jeffrey L. Anderson, MD, FACC, FAHA, MACP–Professor of Medicine, University of Utah, 
Associate Chief of Cardiology, Intermountain Medical Center, Salt Lake City, UT 
 
Jeanne M. DeCara, MD, FACC, FASE–Associate Professor of Medicine, University of Chicago 
Medical Center, Chicago, IL 
 
Rowena J. Dolor, MD, MHS–Assistant Professor, General Internal Medicine, Duke University 
Medical Center, Durham, NC 
 
Reza Fazel, MD, FACC–Assistant Professor of Medicine, Emory University, Atlanta, GA 
 
John A. Gillespie, MD, FACC–Clinical Assistant Professor of Family Medicine, University of 
Buffalo, Buffalo, NY 
 
Paul A. Heidenreich, MD, FACC–Assistant Professor of Medicine, Stanford, VA Palo Alto 
Health Care System, Palo Alto, CA 
 
Luci K. Leykum, MD, MBA, MSc–Associate Professor of Medicine, South Texas Veterans 
Health Care System/UT Health Science Center San Antonio, San Antonio, TX 
 
Joseph E. Marine, MD, FACC, FHRS–Director of Electrophysiology, Johns Hopkins Bayview 
Medical Center; Associate Professor of Medicine, Johns Hopkins University School of 
Medicine, Baltimore, MD 
 
Gregory J. Mishkel, MD, FACC, FSCAI, FRCPC–Co-Director, Cardiac Cath Lab, St. John’s 
Hospital, Director Interventional Cardiology, St. Mary’s Hospital, Prairie Cardiovascular 
Consultants, Springfield and Decatur, IL  
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Patricia A. Pellikka, MD, FACC, FAHA, FACP, FASE–Professor of Medicine, Mayo Clinic 
College of Medicine, Co-Director, Echocardiography Laboratory, Mayo Clinic, Rochester, MN  
 
Gilbert L. Raff, MD, FACC, FSCCT–Director, Cardiac CT/MRI, William Beaumont Hospitals, 
Royal Oak, MI 
 
Krishnaswami Vijayaraghavan, MD, FACC, FCCP–Medical Director, CV Research and 
Education, Scottsdale Healthcare, Scottsdale, AZ 
 
Neil J. Weissman, MD, FACC, FAHA–President, MedStar Health Research Institute, Professor 
of Medicine, Georgetown University School of Medicine, Washington, DC 
 
Katherine C. Wu, MD–Associate Professor of Medicine, Johns Hopkins Medical Institutions, 
Baltimore, MD 
 
 
External Reviewers of the Appropriate Use Criteria Indications 
 
Drew Baldwin, MD–Assistant Professor of Clinical Medicine, Tulane University Heart and 
Vascular Institute, New Orleans, LA 
 
Thomas Behrenbeck, MD, PhD, FCCP–Associate Professor of Medicine, Mayo Clinic, 
Rochester, MN 
 
Michael Blaivas, MD, FACEP–Professor of Emergency Medicine, Northside Hospital Forsyth, 
Atlanta, GA  
 
Jeanne M. DeCara, MD, FACC, FASE–Associate Professor of Medicine, University of Chicago 
Medical Center, Chicago, IL 
 
Peter L. Duffy, MD, FACC–Cardiologist, Partner, Pinehurst Cardiology Consultants, Pinehurst, 
NC  
 
Kirsten E. Fleischmann, MD, MPH, FACC–Associate Professor of Medicine, University of 
California San Francisco School of Medicine, Division of Cardiology, San Francisco, CA 
 
Shawn A. Gregory, MD–Cardiologist, Massachusetts General Hospital, Boston, MA 
 
Frederick G. Kushner, MD, FACC–Clinical Professor, Tulane University Medical Center, 
Medical Director, Heart Clinic of Louisiana, Marrero, LA 
 
John Lesser, MD, FACC–Director of Cardiovascular CT and MRI, Minneapolis Heart Institute, 
Minneapolis, MN 
 
Alexander B. Levitov, MD–Professor, Eastern Virginia Medical School, Department of 
Medicine, Division of Pulmonary and Critical Care Medicine, Norfolk, VA 
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Kapildeo Lotun, MD–Assistant Professor of Medicine, Chief, Section of Vascular Medicine, 
Interventional Cardiology, Virginia Commonwealth University, Division of Cardiology, 
Richmond, VA 
 
John V. Nixon, MD, FACC, FAHA–Professor of Medicine, Medical College of Virginia, 
Virginia Commonwealth University, Director, Echocardiography Laboratories and Heart Station, 
Richmond, VA  
 
David T. Porembka, MD–Director of Perioperative Echocardiography, Professor of Anesthesia, 
Surgery, and Internal Medicine, University of Cincinnati Academic Center, Department of 
Anesthesiology, Cincinnati, OH 
 
Brian D. Powell, MD, FACC–Assistant Professor of Medicine, Mayo Clinic, Rochester, MN 
 
Subha Raman, MD–Associate Professor of Medicine, Ohio State University, Columbus, OH 
 
Gregory S. Thomas, MD, MPH, FACC–Director, Nuclear Cardiology, Co-Director, Lipid Clinic, 
Mission Internal Medical Group, Clinical Associate Professor of Medicine, Director of Nuclear 
Cardiology Training, University of California, Irvine School of Medicine, Dana Point, CA 
 
James D. Thomas, MD, FACC–Director of Cardiovascular Imaging, Cleveland Clinic 
Foundation, Cleveland, OH 
 
Aseem Vashist, MD–Cardiologist, Hartford Cardiology Group, Hartford, CT 
 
Mary N. Walsh, MD–Director CHF & Nuclear Cardiology, The Care Group LLC, Indianapolis, 
IN 
 
Carole A. Warnes, MD, FACC–Professor of Medicine, Mayo Clinic, Rochester, MN 
 
Joseph N. Wight, Jr, MD, FACC–Cardiologist, Maine Cardiology Associates, Cape Elizabeth, 
ME 
 
Katherine C. Wu, MD–Associate Professor of Medicine, Johns Hopkins Medical Institutions, 
Baltimore, MD 
 
 
Appropriate Use Criteria Task Force  
 
Michael J. Wolk, MD, MACC–Chair, Task Force, Past President, American College of 
Cardiology Foundation and Clinical Professor of Medicine, Weill-Cornell Medical School, New 
York, NY 
 
Steven R. Bailey, MD, FACC, FSCAI, FAHA–Chair, Division of Cardiology, Professor of 
Medicine and Radiology, Janey Briscoe Distinguished Chair, University of Texas Health 
Sciences Center, San Antonio, TX 
 
Pamela S. Douglas, MD, MACC, FAHA, FASE–Past President, American College of 
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Cardiology Foundation; Past President American Society of Echocardiography; and Ursula 
Geller Professor of Research in Cardiovascular Diseases, Duke University Medical Center, 
Durham, NC 
 
Robert C. Hendel, MD, FACC, FAHA, FASNC–Chair, Appropriate Use Criteria for 
Radionuclide Imaging Writing Group–Director of Cardiac Imaging and Outpatient Services, 
Division of Cardiology, Miami University School of Medicine, Miami, FL 
 
Christopher M. Kramer, MD, FACC, FAHA–Professor of Medicine and Radiology and Director, 
Cardiovascular Imaging Center, University of Virginia Health System, Charlottesville, VA 
 
James K. Min, MD, FACC–Assistant Professor of Medicine, Division of Cardiology, Assistant 
Professor of Radiology, Weill Cornell Medical College, New York Presbyterian Hospital, New 
York, NY 
 
Manesh R. Patel, MD, FACC–Assistant Professor of Medicine, Division of Cardiology, Duke 
University Medical Center, Durham, NC 
 
Leslee Shaw, PhD, FACC, FASNC–Professor of Medicine, Emory University School of 
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Raymond F. Stainback, MD, FACC, FASE–Medical Director of Noninvasive Cardiac Imaging, 
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for the Accreditation of Echocardiography Laboratories (ICAEL); Hall-Garcia Cardiology 
Associates, Houston, TX 
 
Joseph M. Allen, MA–Director, TRIP (Translating Research into Practice), American College of 
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Appendix C. ACCF/ASE/AHA/ASNC/HFSA/HRS/SCAI/SCCM/SCCT/SCMR 2011Appropriate Use Criteria 
for Echocardiography Writing Group, Technical Panel, Indication Reviewers, and Task Force–Relationships 
With Industry and Other Entities (in alphabetical order within each group) 
 
 


Participant Consultant Speaker 


Ownership/ 
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CLINICAL PREDICTION MODELS


may be helpful for medical
decision making1 as patients
judged to be at higher risk


may receive more aggressive surveil-
lance and/or earlier treatment, while pa-
tients estimated to be at lower risk may
be reassured and managed less aggres-
sively.2,3 By using simple yet valid risk
calculations, clinicians can accurately
advise patients about their likelihood
of an event, and how this likelihood
translates into treatment decisions.


The acute coronary syndrome (ACS)
encompasses a continuum of condi-
tions ranging from ST-segment eleva-
tion myocardial infarction (STEMI) to
non–ST-segment elevation myocardial
infarction (NSTEMI) and unstable an-
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Context Accurate estimation of risk for untoward outcomes after patients have been
hospitalized for an acute coronary syndrome (ACS) may help clinicians guide the type
and intensity of therapy.


Objective To develop a simple decision tool for bedside risk estimation of 6-month
mortality in patients surviving admission for an ACS.


Design, Setting, and Patients A multinational registry, involving 94 hospitals in 14
countries, that used data from the Global Registry of Acute Coronary Events (GRACE) to
develop and validate a multivariable stepwise regression model for death during 6 months
postdischarge. From 17142 patients presenting with an ACS from April 1, 1999, to March
31, 2002, and discharged alive, 15007 (87.5%) had complete 6-month follow-up and
represented the development cohort for a model that was subsequently tested on a vali-
dation cohort of 7638 patients admitted from April 1, 2002, to December 31, 2003.


Main Outcome Measure All-cause mortality during 6 months postdischarge af-
ter admission for an ACS.


Results The 6-month mortality rates were similar in the development (n=717; 4.8%)
and validation cohorts (n=331; 4.7%). The risk-prediction tool for all forms of ACS iden-
tified 9 variables predictive of 6-month mortality: older age, history of myocardial in-
farction, history of heart failure, increased pulse rate at presentation, lower systolic blood
pressure at presentation, elevated initial serum creatinine level, elevated initial serum car-
diac biomarker levels, ST-segment depression on presenting electrocardiogram, and not
having a percutaneous coronary intervention performed in hospital. The c statistics for
the development and validation cohorts were 0.81 and 0.75, respectively.


Conclusions The GRACE 6-month postdischarge prediction model is a simple, ro-
bust tool for predicting mortality in patients with ACS. Clinicians may find it simple to
use and applicable to clinical practice.
JAMA. 2004;291:2727-2733 www.jama.com
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gina.1,4-8 Numerous risk-prediction mod-
els for differing outcomes exist for the
different types of ACS.5,9 Most models
have been developed from large random-
ized clinical trial populations in which


the generalizability to risk prediction in
the average clinician’s experience is ques-
tionable.6-10


We were interested in developing a
simple risk-prediction tool that would


be applicable to all types of ACS,
would focus on an important clinical
end point of all-cause mortality, and
be developed in patients who are
similar to those encountered in rou-
tine clinical practice.


METHODS
The Global Registry of Acute Coronary
Events (GRACE) is a multinational co-
operative effort involving 94 hospitals in
14 countries that has been designed to
reflect an unbiased, representative popu-
lation of patients with ACS. Full details
of the GRACE methods have been pre-
viously published.11,12 For this analysis,
patients had to be at least 18 years old
and alive at the time of discharge, be ad-
mitted for ACS as a presumptive diag-
nosis (ie, have symptoms consistent with
acute myocardial ischemia), and have at
least 1 of the following: electrocardio-
graphic changes consistent with ACS, se-
rial increases in serum cardiac biomar-
kers, and/or documentation of coronary
artery disease. The qualifying ACS must
not have been precipitated by signifi-
cant noncardiovascular comorbidity,
such as acute anemia or hyperthyroid-
ism. At approximately 6 months after
hospital discharge, patients were fol-
lowed up to ascertain vital status. At each
enrolling hospital, study investigators
worked with their ethics or institu-
tional review board to obtain appropri-
ate approval to participate.


To ensure enrollment of an unbi-
ased population, the first 10 to 20 con-
secutive eligible patients were re-
cruited from each site per month. Data
were collected by trained coordina-
tors using a standardized case report
form. Demographic characteristics,
medical history, presenting symp-
toms, biochemical and electrocardio-
graphic findings, treatment practices,
and a variety of hospital outcome data
were collected. Standardized defini-
tions for all patient-related variables and
clinical diagnoses were used.11,12 At dis-
charge, all cases were assigned to
STEMI, NSTEMI, or unstable angina
categories.11,12 Standardized defini-
tions were used for selected hospital
complications and outcomes.11


Table 1. Baseline Characteristics of Patients in the GRACE Model*


Characteristics


Development
Cohort


(n = 15 007)


Validation
Cohort


(n = 7638)


Vital Status
Unknown
(n = 5116)


Age, y
Mean (SD) 65 (13) 65 (13) 65 (13)


Median (IQR) 66 (55.5-74.6) 66 (55.4-75.3) 66 (55.0-75.0)


Men 9966 (66.8) 5061 (66.8) 3493 (67.9)


Medical history
Coronary artery bypass graft 1997 (13.4) 1005 (13.2) 570 (11.1)


Diabetes mellitus 3511 (23.5) 1894 (24.9) 1213 (23.5)


Hypertension 8683 (58.2) 4574 (60.2) 3115 (60.5)


Myocardial infarction 4778 (32.0) 2277 (30.0) 1480 (29.0)


Percutaneous coronary intervention 2283 (15.3) 1392 (18.3) 873 (17.0)


Hyperlipidemia 6786 (45.6) 3691 (48.7) 2330 (45.4)


Prior or current smoking 8611 (57.8) 4437 (58.3) 2983 (57.8)


Congestive heart failure 1504 (10.1) 729 (9.6) 485 (9.4)


Prior medical therapy
Aspirin 6496 (43.4) 3196 (41.9) 1900 (36.7)


Thienopyridines 622 (3.5) 523 (6.9) 283 (5.6)


ACE inhibitors 3803 (25.6) 2178 (28.7) 1311 (25.6)


�-Blockers 4603 (30.8) 2577 (34.0) 1519 (30.0)


Calcium channel blockers 3071 (20.8) 1400 (18.6) 946 (18.8)


Oral nitrates 3674 (24.6) 1592 (21.0) 1039 (20.3)


Digoxin 759 (5.2) 367 (4.9) 255 (5.1)


Diuretics 2634 (17.7) 1479 (19.6) 832 (16.2)


Statins 3362 (22.6) 2111 (27.9) 11 076 (21.0)


Signs and symptoms at presentation
Pulse, beats/min


Mean (SD) 79 (20) 79 (20) 79 (20)


Median (IQR) 76 (65-89) 76 (65-89) 76 (65-90)


Systolic blood pressure, mm Hg
Mean (SD) 143 (29) 143 (29) 142 (29)


Median (IQR) 140 (122-160) 140 (123-160) 140 (120-160)


Initial serum creatinine level, mg/dL†
Mean (SD) 1.2 (0.8) 1.2 (0.8) 1.2 (0.9)


Median (IQR) 1.0 (0.9-1.2) 1.0 (0.9-1.2) 1.0 (0.9-1.2)


Killip class‡
I 12 368 (84.2) 6416 (85.2) 4406 (86.8)


II 1863 (12.7) 885 (11.8) 517 (10.2)


III 268 (2.7) 200 (2.7) 115 (2.3)


IV 60 (0.4) 32 (0.4) 36 (0.7)


Cardiac arrest 179 (1.2) 93 (1.2) 52 (1.0)


Initial cardiac enzyme† 4999 (33.6) 3256 (44.0) 2178 (42.8)


ST segment
Deviation 7873 (52.5) 4055 (53.0) 2879 (55.5)


Depression 4813 (32.1) 2494 (32.7) 1603 (31.0)
Abbreviations: ACE, angiotensin-converting enzyme; GRACE, Global Registry of Acute Coronary Events; IQR, inter-


quartile range.
SI conversion factor: To convert creatinine to µmol/L, multiply by 88.4.
*Data are No. (%) unless otherwise specified. Patients may have had more than 1 comorbidity or used more than 1


medication.
†Value of the first serum creatinine or cardiac enzyme drawn following presentation to hospital for the acute event.
‡Degree of heart failure present on admission categorized by Killip class.
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Model Development
The primary end point was all-cause
mortality occurring within 6 months of
discharge from hospital. The model was
developed by using a multivariable Cox
proportional hazards regression back-
ward elimination technique.13 The fol-
lowing variables were included in the
stepwise Cox proportional hazards re-
gression: baseline characteristics, symp-
toms and signs at presentation, in-
hospital treatments and procedures, and
in-hospital complications. A backward
stepwise technique evaluated all poten-
tial univariate correlates (P�.25) to cre-
ate a multivariable model containing
variables with P�.05. No imputation
was performed on the final model. Im-
putation was tested but did not influ-
ence the identification of multivariate
predictors or the discriminative power
of the model for predicting death.14 All
variables in the final model met the as-
sumptions for proportional hazards.


The model accuracy was tested in sev-
eral ways. First, we developed the model
in all patients with ACS enrolled in
GRACE between April 1, 1999, and
March 31, 2002. The c statistic was ex-
tended to evaluate the discrimination
of survival analytic techniques.15 We
checked for any nonlinear relation-
ship between death and each variable
in the final model and found none. Se-
lected testing was performed for inter-
actions using the significant prognos-
tic variables from the final model based
on interactions that have been re-
ported from other published models.
Second, we tested the model in a vali-
dation cohort of consecutive patients
enrolled in GRACE between April 1,
2002, and December 31, 2003. Statis-
tical analyses were performed using SAS
version 8.2 (SAS Institute Inc, Cary,
NC) and S-Plus version 3.4 (MathSoft
Inc, Seattle, Wash).


The overall follow-up rate in our de-
velopment cohort was 87.5% for death.
A comparison of the patients with and
those patients without available fol-
low-up data demonstrated no signifi-
cant clinical differences in terms of
baseline characteristics, symptoms at
presentation, in-hospital treatments and


procedures, in-hospital outcomes, and
postdischarge outcomes.


Making the Model Usable
We developed a bedside prediction tool
that can be applied to either a pocket


card or a handheld device. Clinical pre-
diction variables were given weighted
scores based on the model’s variable co-
efficients. The prediction tool consid-
ers the variables taken from the final
model assigning a point total to each


Table 2. In-Hospital Treatments and Outcomes of Patients in the GRACE Model*


Characteristics


Development
Cohort


(n = 15 007)


Validation
Cohort


(n = 7638)


Vital Status
Unknown
(n = 5116)


Length of hospital stay, median (IQR), d
Patients who died 8 (5-12) 6 (3-10) NA


Patients discharged alive 6 (3-10) 6 (3-9) NA


In-hospital medical therapy and procedures
Catheterization in the absence of PCI


and CABG
2862 (19.3) 1456 (19.3) 1048 (20.3)


PCI 3945 (26.6) 2563 (34.0) 1651 (32.1)


CABG 719 (5.0) 355 (4.7) 193 (3.8)


Lytics 2457 (16.5) 1061 (14.1) 714 (14.0)


Aspirin 14 023 (93.6) 7197 (94.4) 4759 (92.0)


Thienopyridines 4688 (31.8) 3930 (52.0) 2287 (45.2)


ACE inhibitors 8380 (56.4) 4921 (64.8) 3236 (63.2)


�-Blockers 12 019 (80.6) 6414 (84.6) 4274 (83.3)


Calcium channel blockers 426 (28.6) 1832 (24.4) 1239 (24.6)


Unfractionated heparin 7869 (53.1) 3500 (46.4) 2417 (47.8)


Low-molecular-weight heparin 7371 (50.0) 4612 (60.8) 3086 (60.5)


Warfarin 965 (6.6) 504 (6.8) 322 (6.5)


Glycoprotein IIb/IIIa 2668 (18.0) 1932 (25.7) 1138 (22.4)


Digoxin 1269 (8.6) 573 (7.7) 352 (7.0)


Diuretics 4815 (32.4) 2589 (34.3) 1576 (31.4)


Statins 7347 (49.3) 5061 (67.0) 2216 (43.2)


In-hospital complications
Congestive heart failure 902 (6.5) 466 (6.6) 255 (5.3)


Cardiogenic shock 192 (1.3) 93 (1.2) 106 (2.1)


Atrial fibrillation 1119 (7.5) 516 (6.8) 348 (6.8)


Cardiac arrest 229 (1.5) 80 (1.1) 80 (1.6)


Sustained VT/VF 315 (2.1) 180 (2.4) 135 (2.6)


Atrioventricular block 266 (1.8) 128 (1.7) 108 (2.1)


Major bleeding 327 (2.2) 162 (2.2) 100 (2.0)


Renal insufficiency 378 (2.5) 206 (2.7) 120 (2.4)


Stroke 80 (0.5) 336 (0.4) 40 (0.8)


Recurrent ischemia 4265 (28.6) 1847 (24.4) 1065 (21.0)


Medical therapy at hospital discharge
Aspirin 12 158 (87.7) 6184 (90.2) 3998 (87.3)


Thienopyridines 3952 (29.0) 3198 (47.0) 1825 (40.6)


Warfarin 912 (6.7) 462 (6.9) 288 (6.6)


ACE inhibitors 7107 (51.6) 4159 (60.8) 2716 (59.8)


�-Blockers 9684 (70.2) 5263 (77.1) 3372 (74.3)


Calcium channel blockers 3259 (23.7) 1314 (19.4) 866 (19.3)


Digoxin 862 (6.3) 389 (5.9) 230 (5.2)


Diuretics 3149 (22.9) 1659 (24.5) 968 (21.5)


Statins 6963 (50.5) 4546 (66.7) 2624 (57.8)
Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; GRACE, Global Registry of


Acute Coronary Events; IQR, interquartile range; NA, not available; PCI, percutaneous coronary intervention; VT/VF,
ventricular tachycardia/ventricular fibrillation.


*Data are No. (%) unless otherwise specified. Patients may have had more than 1 in-hospital procedure or complica-
tion and used more than 1 medication at hospital discharge.
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variable, which allows a total point
score for each patient to be calculated.
This then is applied to a reference plot
nomogram, which shows the corre-
sponding risk of death. Alternatively,
the risk of death could be calculated us-
ing a handheld device. The clinical ap-
plication can be found at http://www
.outcomes-umassmed.org/grace.


RESULTS
Baseline characteristics, in-hospital
treatments, and outcomes of the 15007
patients used to develop the model (de-
velopment cohort), 7638 patients used
to test the model (validation cohort),
and 5116 patients for whom 6-month


vital status was unknown are shown in
TABLE 1 and TABLE 2. The mean age
was 65 years and 67% of the cohort
were men. Prior or current smoking and
hypertension were present as risk fac-
tors in more than half of the patients.
Approximately 45% of patients had a
diagnosis of hyperlipidemia and less
than 25% had diabetes mellitus.


The 6-month mortality risk was simi-
lar in the development (4.8%, n=717)
and validation cohorts (4.7%, n=331).
Nine multivariate predictors of mor-
tality were identified (TABLE 3). The
model calibrations were retained when
testing the model in an independent
validation cohort (Table 3 and
FIGURE 1). The model performed well
in all forms of ACS with a c statistic of
at least 0.70 (TABLE 4).


FIGURE 2 illustrates a method to es-
timate a patient’s risk depending on the
total score obtained by summing the in-
dividual scores for each of the 9 vari-
ables in the model. A similar nomo-
gram can be programmed into a
handheld device to make the risk cal-


culation automatic once the indi-
vidual variables have been entered.


COMMENT
We have developed and validated a
simple bedside prediction tool that can
be used to estimate a patient’s postdis-
charge risk of 6-month mortality in all
forms of ACS, regardless of their ini-
tial electrocardiogram or biomarker re-
sults. By using the power of the GRACE
registry (�25000 patients studied) and
focusing on the clinically relevant and
wholly unbiased end point of all-
cause mortality, we believe that clini-
cians may find this tool usable and re-
liable as they attempt to make key
diagnostic and treatment decisions
among patients hospitalized with ACS.


Previous risk tools have been pro-
posed in estimating in-hospital risk af-
ter admission for ACS,1,4,6-8 including
risk models developed from large clini-
cal trials or registry data by the Throm-
bolysis in Myocardial Infarction (TIMI)
clinical trials group.4,9 These models are
robust in predicting risk for specific end


Figure 1. Comparison of Predicted vs
Observed Mortality Rate for the Validation
Cohort
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Table 3. Multivariate Predictors for the 6-Month Postdischarge Mortality Model


Predictors �2


Hazard Ratio (95% Confidence Interval)


Development Cohort
(n = 15 007)


Validation Cohort
(n = 7638)


All Patients With ACS
(n = 22 645)


Age per 10-year increase 228.6 1.8 (1.64-1.91) 1.7 (1.48-1.86) 1.7 (1.63-1.84)


History of myocardial infarction 22.0 1.5 (1.26-1.75) 1.2 (0.88-1.50) 1.4 (1.20-1.59)


History of congestive heart failure 66.5 2.2 (1.79-2.59) 2.0 (1.50-2.70) 2.1 (1.80-2.47)


Pulse per 30/min increase 28.8 1.3 (1.16-1.43) 1.4 (1.20-1.66) 1.3 (1.23-1.47)


Systolic blood pressure per 20-mm Hg decrease 21.5 1.1 (1.08-1.20) 1.0 (0.92-1.19) 1.1 (1.06-1.17)


Initial serum creatinine level per 1-mg/dL increase* 28.1 1.2 (1.11-1.24) 1.2 (1.10-1.30) 1.2 (1.12-1.23)


Initial cardiac enzyme elevation* 33.3 1.6 (1.39-1.89) 1.5 (1.20-1.99) 1.5 (1.33-1.79)


ST-segment depression 19.2 1.4 (1.22-1.69) 1.6 (1.25-2.05) 1.5 (1.29-1.69)


No in-hospital PCI 14.8 1.6 (1.24-1.96) 1.5 (1.11-2.11) 1.9 (1.30-1.88)


c Statistic 0.81 0.75 0.77
Abbreviations: ACS, acute coronary syndrome; PCI, percutaneous coronary intervention.
*Value of the first serum creatinine or cardiac enzyme drawn following presentation to hospital for the acute event.


Table 4. Model Performance in the STEMI, NSTEMI, and Unstable Angina Groups


c Statistic


STEMI NSTEMI Unstable Angina


Development cohort 0.71 0.78 0.76


Validation cohort 0.76 0.78 0.70


All patients with ACS 0.80 0.78 0.75
Abbreviations: ACS, acute coronary syndrome; NSTEMI, non−ST-segment elevation myocardial infarction; STEMI,


ST-segment elevation myocardial infarction.
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Figure 2. GRACE Prediction Score Card and Nomogram for All-Cause Mortality From Discharge to 6 Months
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points and in the population in which
they have been studied. However, com-
parison between our methods and those
of the TIMI group elucidate the issue
of using prediction models in prac-
tice. For example, many ACS trials, in-
cluding the TIMI trial, have used a com-
bined end point that includes recurrent
coronary ischemia with a secondary end
point of ischemia requiring coronary re-
vascularization. This particular end
point is potentially troublesome be-
cause it is influenced by local practice
style in which the availability of a cath-
eterization laboratory may have more
to do with a decision to revascularize
than with patient characteristics.16,17 It
may also lead to inaccuracies in over-
all prediction. For instance, prior coro-
nary artery bypass graft surgery pre-
dicts an increased risk of death after
percutaneous coronary intervention but
a decreased likelihood of surgical coro-
nary revascularization in patients un-
dergoing coronary angioplasty.18 This
is because prior coronary artery by-
pass graft surgery is associated with a
worse complication rate after reopera-
tive coronary artery bypass graft sur-
gery, so surgeons may try to avoid it
where possible. In ACS, studies sug-
gest that at the extremes of older age
or serum creatinine clearance, inter-
ventionalists reduce their use of per-
cutaneous coronary intervention for
fear of complications, while at the same
time the risk of death steadily in-
creases.19 Finally, it is not clear that re-
vascularization is an event that should
be avoided. Given the benefits of an
early invasive strategy, revasculariza-
tion may be considered a good event,
and in our analysis was a predictor of
improved survival at 6-months post-
discharge.


Another limitation of prior ACS pre-
diction models relates to the arbitrary
separation into STEMI and non–ST-
segment elevation ACS populations. Be-
cause few models incorporate the en-
tire spectrum of patients with ACS,
physicians wishing to apply these mod-
els in routine practice need to be aware
of multiple risk scores for different types
of patients with ACS. In the GRACE


model, we were able to demonstrate
that diagnostic prediction for in-
hospital mortality is similar whether the
ST-segment deviation is elevation or de-
pression.14 In this analysis, we ex-
tended that observation to show that
one can robustly predict 6-month mor-
tality, regardless of whether the pa-
tient presents with STEMI, NSTEMI, or
unstable angina. The overall c statistic
is high (0.81) compared with other risk
models for combined end points such
as the TIMI risk model (0.65).9


How generalizable are prediction
tools? They are as generalizable as the
population from which they are de-
rived. In this way, we believe that the
GRACE model is unique. In so far as
we have studied consecutive patients,
observed in care at 94 hospitals, rep-
resenting 14 countries, and have used
a population-based enrollment wher-
ever possible, the GRACE registry
model may well be closer to real-
world practice than previous studies
limited to clinical trial populations or
single-region registries. As such, we be-
lieve that clinicians will find greater
confidence in its applicability in their
practices. Because it has been vali-
dated on patients enrolled in 2002 and
2003, clinicians can also feel confi-
dent that it is current.


GRACE is the largest multinational
registry study to include the entire spec-
trum of patients with ACS. It is de-
signed to be representative of regional
communities and uses standardized cri-
teria for defining ACS and hospital out-
comes and quality control and audit
measures. Given the overall number of
deaths in the development (n=717) and
validation (n=331) cohorts, one has in-
creased confidence of the robustness of
the model.


Risk-prediction tools are developed in
populations, not individuals. Although
the risk-prediction tools may inform
practitioners regarding the estimated
likelihood of complications in a pa-
tient, each individual patient is unique
and subject to many influences not mea-
sured or ascertained in clinical prac-
tice. Local practice referral patterns or
practice style may influence average risks


of patients being cared for by an indi-
vidual clinician. To the extent that
GRACE studies patients cared for all
over the world by hundreds of clini-
cians, it has an excellent chance to ad-
just for this variation to create a risk-
prediction instrument that is robust for
most situations. However, like indi-
vidual patients, each practice has its set
of unmeasured variation that may in-
fluence risks, such as socioeconomic sta-
tus, which was not considered in the cur-
rent model. The model is applicable to
patients hospitalized with ACS and dis-
charged alive, not patients being ob-
served in an emergency department.


In summary, our GRACE 6-month
postdischarge prediction model is a
simple robust tool for predicting death
in patients with ACS and has very good
discriminative ability. We believe that
clinicians will find it simple to use and
applicable to clinical practice.
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An education isn’t how much you have committed to
memory, or even how much you know. It’s being able
to differentiate between what you do know and what
you don’t.


—Anatole France (1844-1924)
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CORONARY HEART DISEASE, IN-
cluding myocardial infarc-
tion as its acute manifesta-
tion, is the leading cause of


death worldwide.1 In the United States,
3 times as many adults die from acute
myocardial infarction as from motor ve-
hicle crashes.2 Similar to trauma, ST-
segment elevation myocardial infarc-
tion (STEMI) is a potentially lethal
condition for which specific thera-
pies, administered rapidly, reduce mor-


tality and morbidity. Despite more than
2 decades of clinical trial evidence dem-
onstrating significant benefits from
prompt coronary reperfusion, regis-


Author Affiliations and RACE Investigators are listed
at the end of this article.
Corresponding Author: Christopher B. Granger, MD,
Duke Clinical Research Institute, Duke University Medi-
cal Center, Box 3409, Durham, NC 27710 (christopher
.granger@duke.edu).


Context Despite 2 decades of evidence demonstrating benefits from prompt coro-
nary reperfusion, registries continue to show that many patients with ST-segment el-
evation myocardial infarction (STEMI) are treated too slowly or not at all.


Objective To establish a statewide system for reperfusion, as exists for trauma care,
to overcome systematic barriers.


Design and Setting A quality improvement study that examined the change in speed
and rate of coronary reperfusion after system implementation in 5 regions in North
Carolina involving 65 hospitals and associated emergency medical systems (10 per-
cutaneous coronary intervention [PCI] hospitals and 55 non-PCI hospitals).


Patients A total of 1164 patients with STEMI (579 preintervention and 585 post-
intervention) eligible for reperfusion were treated at PCI hospitals (median age 61 years,
31% women, 4% Killip class III or IV). A total of 925 patients with STEMI (518 pre-
intervention and 407 postintervention) were treated at non-PCI hospitals (median age
62 years, 32% women, 4% Killip class III or IV).


Interventions Early diagnosis and the most expedient coronary reperfusion method
at each point of care: emergency medical systems, emergency department, catheter-
ization laboratory, and transfer. Within 5 regions, PCI hospitals agreed to provide single-
call catheterization laboratory activation by emergency medical personnel, accept pa-
tients regardless of bed availability, and improve STEMI care for the entire region
regardless of hospital affiliation.


Main Outcome Measures Reperfusion times and rates 3 months before (July to Sep-
tember 2005) and 3 months after (January to March 2007) a year-long implementation.


Results Median reperfusion times significantly improved according to first door-to-
device (presenting to PCI hospital 85 to 74 minutes, P� .001; transferred to PCI hos-
pital 165 to 128 minutes, P� .001), door-to-needle in non-PCI hospitals (35 to 29
minutes, P=.002), and door-in to door-out for patients transferred from non-PCI hos-
pitals (120 to 71 minutes, P� .001). Nonreperfusion rates were unchanged (15%)
in non-PCI hospitals and decreased from 23% to 11% in the PCI hospitals. For
patients presenting to or transferred to PCI hospitals, clinical outcomes including
death, cardiac arrest, and cardiogenic shock did not significantly change following the
intervention.


Conclusions A statewide program focused on regional systems for reperfusion for
STEMI can significantly improve quality of care. Further research is needed to ensure
that programs that result in improved application of reperfusion treatments will lead
to reductions in mortality and morbidity from STEMI.
JAMA. 2007;298(20):2371-2380 www.jama.com
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tries continue to show that most pa-
tients are still treated too slowly for
reperfusion to be of maximal benefit,
and many are not treated at all.3-5 The
reasons for this are largely related to sys-
tematic barriers.6-9


We hypothesized that the establish-
ment of a coordinated statewide sys-
tem of reperfusion therapy for STEMI
(Reperfusion of Acute Myocardial In-
farction in North Carolina Emergency
Departments [RACE] study), as exists
for trauma, would overcome system-
atic barriers and both decrease delays in
administering reperfusion therapy and
increase the frequency with which reper-
fusion was provided to eligible pa-
tients. We focused on the coordination
of each aspect of care from the initial
emergency medical response to reper-
fusion itself, be it fibrinolytic therapy or
primary percutaneous coronary inter-
vention (PCI), whichever was most ap-
propriate for a given setting. An impor-
tant focus was to reduce the time to
primary PCI for patients transferred from
hospitals that did not perform primary
PCI (non-PCI hospitals) to those that of-
fered this procedure (PCI hospitals), a
parameter not included in current Cen-


ters for Medicare & Medicaid Services
(CMS) and Joint Commission on the Ac-
creditation of Healthcare Organiza-
tions ( JCAHO) performance mea-
sures, which include reperfusion times
only for patients presenting to the treat-
ing hospital.10,11


METHODS
The design and methods for this study
have been previously published.12 This
quality improvement study had insti-
tutional review board approval for
analyses and publication of the find-
ings. To collect data from all patients
without need for informed consent, pro-
tected health information was re-
moved before data collection, and the
study was monitored by an indepen-
dent oversight board.


Five regions in North Carolina were
selected covering approximately two-
thirds of the state’s hospitals and popu-
lation to provide broad geographic dis-
tribution, include both rural and urban
populations, and follow established hos-
pital networks and patient referral pat-
terns (FIGURE 1). Each region had phy-
sician representation in the North
Carolina chapter of the American Col-


lege of Cardiology, which supported
this quality improvement program, and
from emergency medicine at the par-
ticipating regional PCI hospitals. These
regions also had at least 1 full-time
RACE nurse regional coordinator pri-
marily dedicated to this quality im-
provement initiative.


Participating Hospitals


Within each region, all hospitals that
routinely performed primary PCI agreed
to participate according to the follow-
ing requirements: each had to have a sys-
tem by which a single telephone call by
emergency physicians or paramedics
could activate the catheterization labo-
ratory 24 hours, 7 days per week; ac-
ceptance of patients with STEMI regard-
less of bed availability; establishment of
a leadership team including all person-
nel and administrators involved in
STEMI care; a willingness to improve
care for patients with STEMI in all hos-
pitals and emergency medical systems
(EMS) within the region regardless of af-
filiation; participation in a national data
registry; and partial financial support of
a regional coordinator. Once the PCI
hospitals had established the above sys-
tems for rapid primary PCI, the re-
gional coordinators and supporting PCI
hospital colleagues approached the re-
maining hospitals (non-PCI hospitals)
in the region and their associated EMS
to further coordinate care. A full list of
participating hospitals with driving times
in minutes to PCI hospitals is listed in
the Acknowledgment section.


Intervention


Working with the appropriate admin-
istrators, nurses, physicians, and tech-
nicians, a coronary reperfusion plan was
established for each hospital accord-
ing to medical evidence, published
guidelines, available resources, and re-
gional and local practice patterns.13 Al-
though the most appropriate system
varied from hospital to hospital, an
overall set of recommendations was
provided in an operations manual.14 The
interventions focused on each compo-
nent of the reperfusion process: the
EMS, the emergency department, the


Figure 1. RACE Regions and Hospitals According to Reperfusion System
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RACE indicates Reperfusion of Acute Myocardial Infarction in North Carolina Emergency Departments; PCI, per-
cutaneous coronary intervention. Color gradient in map indicates major topographical differences from moun-
tains in the west to coastal plains in the east. Mixed non-PCI hospital strategy selected fibrinolysis or transfer for
PCI depending on whether expedient transfer was possible according to local weather and equipment availability.
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catheterization laboratory, and inter-
hospital transfer. Systematic plans were
established and supported through nu-
merous local, regional, and statewide
meetings and conference calls with lo-
cal leaders involved in each compo-
nent of the plan. All progress was re-
viewed in at least weekly conference
calls among RACE leadership.


Data Collection


The non-PCI hospitals participated in an
abbreviated data collection process per-
formed by regional coordinators for 10
consecutive patients with STEMI in the
quarter preceding and following the
RACE intervention (preintervention data
were collected up to 5 months before en-
rollment, with enrollment between July
2005 and March 2006, and postinter-
vention data were collected between
January 1, 2007, and March 31, 2007),
and a detailed inventory to determine
what resources and processes were in
place for coronary reperfusion.


All PCI hospitals agreed to collect
data for consecutive patients using the
5th National Registry of Myocardial In-
farction (NRMI, directly presenting to
or transferred to their centers) and al-
low for an aggregate system report in
the quarter before and the quarter af-
ter the 1-year intervention (preinter-
vention data were collected for all con-
secutive patients hospitalized between
July 1, 2005, and September 30, 2005,
and postintervention data were col-
lected for all consecutive patients hos-
pitalized between January 1, 2007, and
March 31, 2007). All patients with
STEMI were included as identified
through emergency department regis-
tration data and hospital discharge data.


At non-PCI centers, hospital charts
were then reviewed and data ab-
stracted regarding presenting charac-
teristics, times and type of reperfusion
therapy, and whether and how trans-
ferred. Clinical outcome data from non-
PCI hospitals were not available, be-
cause most patients were transferred,
and patients were de-identified. At PCI
centers, data were abstracted from hos-
pital charts including outcomes accord-
ing to standard procedures used in the


NRMI registry. Data specific to the
RACE program were shared with par-
ticipating centers in an aggregate fash-
ion at the beginning and end of the in-
tervention. Participating hospitals and
EMS reviewed their own performance
data on a much more frequent basis,
most commonly at monthly or quar-
terly meetings.


Statistical Methods


Descriptive statistics for continuous and
categorical variables were presented as
median (interquartile range) and num-
ber (percentage), respectively. For pa-
tient characteristics and process mea-
sures (unpaired observations), the
statistical comparisons were based on
Wilcoxon Mann-Whitney and �2 tests
as appropriate. Comparisons of paired
hospital-level process measures in the
preintervention and postintervention
periods were based on McNemar tests.


For the PCI hospitals, the primary
hypothesis was that the RACE inter-
vention would reduce door-to-device
times. For the non-PCI hospitals, the
primary hypothesis was that the RACE
system would reduce the door-in to
door-out times for patients who were
transferred to undergo PCI elsewhere
and door-to-needle times for those re-
ceiving fibrinolysis. A coprimary hy-
pothesis was an increased rate of reper-
fusion among eligible patients in both
hospital settings. P�.05 was consid-
ered statistically significant. Second-
ary analyses using linear mixed mod-
els were performed to adjust for
clustering of patients within hospi-
tals. SAS version 8.2 (SAS Institute Inc,
Cary, North Carolina) was used for all
analyses.


RESULTS
Patient Characteristics


Between July 1, 2005, and September
30, 2005 (preintervention period), 579
patients with acute STEMI were treated
at PCI hospitals, including transfer and
nontransfer patients (FIGURE 2). Fol-
lowing the RACE intervention be-
tween January 1, 2007, and March 31,
2007, the corresponding number of pa-
tients was 585.


Demographic characteristics for pa-
tients treated at PCI hospitals and non-
PCI hospitals are shown in TABLE 1.
Among PCI hospitals, the median age
of patients was 61 years, 226 patients
(19.4%) were 75 years or older, 356 pa-
tients (30.6%) were women, 1082
(94.2%) had chest pain on admission,
and 52 (4.5%) were Killip class III or
IV at presentation. Six hundred sixty-
two patients (56.9%) were transferred
from other hospitals, including 526
(45.2%) from hospitals participating in
RACE. Of the patients arriving by EMS
who were not transfers, use of prehos-
pital electrocardiogram increased from
68 (40.5%) to 122 patients (61.3%)
(P � .001). Following the interven-
tion, the proportion of eligible pa-
tients who did not receive reperfusion
decreased from 23% to 11%, while the
proportion of patients undergoing pri-
mary PCI increased from 48% to 63%
(�2


4=42.0, P� .001). Fibrinolysis was
mainly administered at non-PCI hos-
pitals before transfer.


Among non-PCI hospitals, 518 pa-
tients with STEMI were treated in the
pre-RACE period (July 2005 to March
2006) and 407 were treated in the post-
RACE intervention period (January 1,
2007, to March 31, 2007) (Table 1).
Demographic and clinical characteris-
tics were similar to those patients
treated in PCI hospitals except for a
slightly lower rate of chest pain on ad-
mission (813 patients [89.1%]). Five
hundred twenty-five patients (56.8%)
presented to non-PCI hospitals by self-
transport. Of those arriving by ambu-
lance, there was an increase in pre-
hospital electrocardiogram from 38.1%
to 42.6% that was not statistically sig-
nificant (P=.37). Following the inter-
vention, the proportion of eligible pa-
tients who did not receive reperfusion
remained at 15%, although there was
a nonsignificant reduction in adminis-
tering less fibrinolytic therapy (45.0%
to 39.1%) and an increase in transfer
for PCI (39.6% to 46.0%) (�2


2=4.1,
P=.13). The majority of patients were
transferred to PCI hospitals (91.7% to
95.1%, P= .04), including those pa-
tients treated with fibrinolysis. Trans-
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fer by helicopter increased somewhat
during the study period from 24.6% to
32.6% (�2


3=14.4, P=.003).


Interventions


TABLE 2 and TABLE 3 show the propor-
tion of hospitals that adopted general
recommendations from the opera-
tions manual. All PCI hospitals estab-
lished leadership teams, a common
reperfusion plan, and single-number ac-
tivation of the catheterization labora-
tory as directed. The number of PCI
hospitals using helicopters remained
constant at 7 of 10 facilities, and only
3 of 10 hospitals adopted the strategy
of imaging the infarct-related artery first
with a PCI catheter.


Among the 55 non-PCI hospitals, 28
(51%) adopted a fibrinolysis strategy,
16 (29%) adopted a transfer for PCI


strategy, and 11 (20%) adopted a mixed
strategy that selected fibrinolysis or
transfer for PCI depending on whether
expedient transfer was possible accord-
ing to local weather and equipment
availability. Regarding the statewide rec-
ommendations, 51 hospitals (93%) gave
authority to the emergency physician
to initiate reperfusion including single-
call catheterization laboratory activa-
tion, 49 (89%) adopted a common
reperfusion plan, 37 of 46 hospitals
(80%) established local EMS electro-
cardiogram training programs, 28 of 50
hospitals (56%) used the local ambu-
lance for transfer to another hospital,
and 26 of 39 hospitals (67%) elimi-
nated intravenous drips for transfers.
Among non-PCI hospitals, the num-
ber of hospitals that left patients “on the
stretcher” who presented via ambu-


lance and were likely to be transferred
for PCI increased from 2 (4%) to 11
(28%).


In addition to these common inter-
ventions, each participating hospital
made a number of system changes that
were specific to their institution or lo-
cal circumstances. Examples of such in-
terventions included establishing an In-
ternet site identifying the single
interventional cardiologist on call for
the entire hospital when previously
reperfusion was delayed while trying to
determine which cardiologist from sev-
eral competing groups would inter-
vene, and using intensive care unit
nurses to staff catheterization labora-
tories on an emergency basis when
rapid coverage during nights and week-
ends by the staff who usually covered
the day shift could not be arranged.


Figure 2. Patient Flow Diagram


Preintervention


55 Non-PCI Hospitals 10 PCI Hospitals


205 Patients transferred
for primary PCI


229 Patients presented
directly


350 Patients received
from participating and


other non-PCI hospitals


233 Received
fibrinolytic treatment


80 Received
no reperfusion therapy


518 Patients
presented


579 Patients224 Transferred 475 Transferred


46 Transferred


Postintervention


55 Non-PCI Hospitals 10 PCI Hospitals


187 Patients transferred
for primary PCI


273 Patients presented
directly


312 Patients received
from participating and


other non-PCI hospitals


159 Received
fibrinolytic treatment


61 Received
no reperfusion therapy


407 Patients
presented


585 Patients156 Transferred 387 Transferred


44 Transferred


Percutaneous coronary intervention (PCI) hospital patient population derived from National Registry of Myocardial Infarction database of all patients with ST-segment
elevation myocardial infarction during 3-month time frames preintervention and postintervention. Non-PCI hospital population is overlapping but distinct and is de-
rived from a separate nonlinked database using abbreviated consistent forms and definitions including approximately 10 consecutive patients per hospital preinter-
vention and postintervention. A stipulation of the institutional review board for collecting data was removal of identifiers that would allow linkage.
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Reperfusion Times
Following implementation of the rec-
ommendations of the RACE initiative,
reperfusion times improved for al-
most all measured criteria. Among pa-
tients presenting to PCI hospitals who
underwent primary PCI, the propor-
tion with first door-to-device times of
less than 90 minutes increased from
56.7% to 72.0%, with a decrease in me-
dian time from 85 minutes to 74 min-
utes (P� .001) (TABLE 4). In a second-


ary analysis accounting for clustering
of patients within hospitals, the re-
sults remained statistically significant
(P=.01). For patients transferred from
one hospital to another for primary PCI,
median time from first door-to-device
decreased from 165 minutes to 128
minutes (P� .001). The median time
from first door-to-device for patients
transferred from hospitals with a trans-
fer for PCI strategy decreased from 149
to 106 minutes (P=.01).


For patients presenting to the 55 non-
PCI hospitals, median door-in to door-
out times decreased from 120 minutes
to 71 minutes, one of the greatest time
reductions observed in the study
(P�.001). In the analysis accounting for
clustering of patients within hospitals,
the results remained statistically signifi-
cant (P� .001). For the subset of pa-
tients presenting to hospitals with a
transfer for PCI strategy, median door-in
to door-out times decreased from 97


Table 1. Patient Characteristicsa


Characteristic


PCI Hospitals Non-PCI Hospitals


Preintervention
(n = 579)


Postintervention
(n = 585) P Value


Preintervention
(n = 518)


Postintervention
(n = 407) P Value


Age, median (IQR), y 60 (51-72) 61 (52-71) .67 62 (53-74) 61 (52-72) .42


Age �75 y 116 (20.0) 110 (18.8) .60 114 (22.0) 80 (19.7) .39


Male sex 388 (67.0) 420 (71.8) .08 346 (66.8) 289 (70.1) .29


Blood pressure, median (IQR), mm Hg
Systolic 136 (116-158) 138 (116-160) .43 141 (121-160) 141 (120-164) .82


Diastolic 80 (67-94) 82 (67-95) .39 82 (70-96) 83 (68-98) .97


Pulse, median (IQR), beats/min 78 (65-90) 78 (65-92) .69 78 (65-91) 79 (66-95) .23


Chest pain at presentation 534 (92.9) 548 (95.5) .06 460 (89.5) 353 (88.5) .63


Killip classb


I 508 (88.1) 538 (92.1) 468 (90.4) 361 (88.9)


II 42 (7.3) 21 (3.6)
.04


36 (7.0) 23 (5.7)
.03


III 14 (2.4) 11 (1.9) 10 (1.9) 8 (2.0)


IV 13 (2.3) 14 (2.4) 4 (0.8) 14 (3.5)


Initial reperfusion strategy
No initial reperfusion strategy 132 (22.8) 63 (10.8) 80 (15.4) 61 (15.0)


Fibrinolysis 162 (28.0) 144 (24.6)
�.001


233 (45.0) 159 (39.1) .13


Primary PCI or transfer for PCI 275 (47.5) 369 (63.1) 205 (39.6) 187 (46.0)


CABG surgery 10 (1.7) 9 (1.5)


Arrival mode
Self-transport 61 (10.5) 72 (12.3) 297 (57.3) 228 (56.0)


Ambulance 408 (70.5) 370 (63.3)
.07


218 (42.1) 178 (43.7) .68


Unknownc 17 (2.9) 20 (3.4) 3 (0.6) 1 (0.3)


Air ambulance/helicopter 93 (16.1) 123 (21.0)


Prehospital electrocardiogramd 68 (40.5) 122 (61.3) �.001 78 (38.1) 72 (42.6) .37


Transferred from another hospital 350 (60.5) 312 (53.3) .02


Transferred from a RACE hospital 279 (48.2) 247 (42.2) .04


Transferred to PCI hospital 475 (91.7) 387 (95.1) .04


Transfer mode
EMS ground 188 (39.6) 166 (42.9)


Critical care transport 162 (34.1) 92 (23.8)
.003


Air ambulance/helicopter 117 (24.6) 126 (32.6)


Unknownc 8 (1.7) 3 (0.8)


AMI hotline 152 (32.1) 319 (84.6) �.001
Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass graft; EMS, emergency medical systems; IQR, interquartile range; NA, not applicable; PCI, percu-


taneous coronary intervention; RACE, Reperfusion of Acute Myocardial Infarction in North Carolina Emergency Departments.
aData presented as number (percentage) unless otherwise specified. Empty cells indicate not applicable for either PCI hospitals or non-PCI hospitals interventions.
bKillip class was assigned on the basis of the severity of signs of heart failure at first assessment. Killip class I indicates absence of rales in the lung fields and the absence of an S3


heart sound; class II, rales in �50% of the lung fields, the presence of an S3, or jugular venous distention; class III, rales in �50% of the lung fields; class IV, presence of pulmonary
edema with hypotension or shock.


cThe mode of arrival could not be determined by chart review.
dFor PCI hospitals, limited to the subset of patients using EMS as the arrival mode and not transferred; for non-PCI hospitals, limited to the subset of patients arriving by ambulance.
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minutes to 45 minutes (P � .001).
Among patients undergoing fibrinoly-
sis, the proportion with door-to-needle
times of less than 30 minutes increased
from 34.8% to 51.9% (P� .001), with a
decrease in median time from 35 min-
utes to 29 minutes (P=.002).


Clinical Outcomes


For patients directly presenting to or
transferred to PCI hospitals, clinical out-
comes including death, stroke, cardiac
arrest, and cardiogenic shock did not sig-
nificantly change following the interven-
tion (Table 4). Stratified by transfer sta-
tus, patients presenting directly to PCI
centers had nonsignificantly lower mor-
tality (8.7% to 7.3%, P=.57) and a lower
stroke rate (0.4% to 0) after the inter-


vention. Patients transferred in to PCI
hospitals had nonsignificantly higher
mortality (4.6% to 7.7%, P=.09) and
lower stroke rate (1.4% to 0.3%, P=.14)
after the intervention.


COMMENT
This study represents one of the larg-
est and most extensive regional sys-
tems to our knowledge for the reper-
fusion of STEMI developed in the
United States, including 65 of 100 acute
care hospitals in North Carolina in
which 8 million people live. By coa-
lescing and coordinating EMS, emer-
gency departments, and catheteriza-
tion laboratories, the interventions
promoted by the RACE initiative in-
creased the frequency of reperfusion


and substantially reduced time to treat-
ment across 65 hospitals, including 10
PCI centers. The greatest improve-
ments occurred in the times of pa-
tients transferred for PCI, a large group
of patients currently excluded from
CMS and JCAHO performance mea-
sures. The improvements appeared
greater than those reported by the
NRMI for US hospitals during a simi-
lar period (first door-to-device present-
ing to PCI hospital: median time, 88 to
81 minutes for NRMI and 85 to 74 min-
utes for RACE; first door-to-device
transferred to PCI hospital: median
time, 150 to 143 minutes for NRMI and
165 to 128 minutes for RACE; door-
to-needle: median time, 30 to 30 min-
utes for NRMI and 35 to 29 minutes for
RACE; and no reperfusion: 17% to 17%
for NRMI, 23% to 11% for RACE PCI
hospitals, and 15% to 15% for RACE
non-PCI hospitals).15,16


However, despite improvements in
reducing times to reperfusion therapy,
we did not identify lower mortality fol-
lowing the intervention. Given the pre-
ponderance of clinical trial evidence
adopted by practice guidelines that
timely reperfusion reduces mortality,
our study was not designed to exam-
ine mortality or test treatment regi-
mens. The complication and mortal-
ity rates in this study are similar to those
in national registries, suggesting that
our intervention was applied to a com-
parable population.3-5 Given the char-
acteristics of our study, including lack
of randomization, relatively small
sample size, and significant confound-
ing introduced by an intervention de-
signed to expand reperfusion to more
eligible patients, inferences based on
outcomes must be made with great cau-
tion. Nevertheless, systems for STEMI
reperfusion such as RACE should con-
tinue to monitor and report outcomes
to identify potential problems, avoid
spurious associations related to publi-
cation bias, and to examine the effec-
tiveness of clinical trial–based guide-
lines in more widespread application.


Havingaskedallhospitals andEMSto
adoptacommonsetofrecommendations,
wecannotdeterminewhichof theRACE


Table 2. PCI Hospital Processesa


Characteristic


No. of Hospitals


Preintervention
(n = 10)


Postintervention
(n = 10)


Create RACE leadership team 7 10


For patients who walk into the ED, first person encountered
Triage nurse 4 3


Nursing assistant 1 1


Registration personnel 5 4


Greeter 0 2


Separate system for obtaining ECGs on patients with chest
pain in the ED within 10 min of arrival


5 9


Formal orders for suspected MI with a diagnostic ECG 9 10


Formal orders for suspected MI without a diagnostic ECG 9 10


Dedicated ECG machine for ED use only 10 10


ECG obtained by EMS used to treat patient 1 8


Establish single-designated hospital-specific reperfusion plan 7 10


PCI center has a helicopter 7 7


Code STEMI designation 3 9


Someone other than an interventional cardiologist starts the case 2 4


All transfers have to stop in the ED/critical care unit 6 2


Foley catheter is routinely placed before primary PCI 3 0


Image infarct-related artery with PCI catheter first 2 3


Record EMS non-PCI calls and playback for quality improvement 1 3


Provide standardized feedback for ED 1 8


Provide standardized feedback for EMS 0 8


Establish a single call number that automatically activates
catheterization laboratory


4 9


ECG equipment for EMS to do prehospital ECG 9 10


Use of prehospital ECG
Interpreted by emergency medical technician 6 5


Transmitted to hospital 4 5


Program for paramedics to recognize ST-elevation on ECG 7 8
Abbreviations: ECG, electrocardiogram; ED, emergency department; EMS, emergency medical systems; MI, myocardial


infarction; PCI, percutaneous coronary intervention; RACE, Reperfusion of Acute Myocardial Infarction in North Carolina
Emergency Departments; STEMI, ST-segment elevation MI.


aP values were not generated due to the small number of observations.
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initiative interventions were most effec-
tive in improvingcare.Therewere,how-
ever, a number of specific aspects of the
study that likely contributed to the suc-
cess.First,theRACEstudymovedbeyond
the catheterization laboratory and the
venueofPCIhospitals to focusonemer-
gency departments, EMS, and hospital
networksandtheirassociatedcommuni-
cation and transportation systems. This
intentional focus was based on observa-
tionsthatmanytreatmentdelaysaremost
likely to be overcome by early interven-
tionintheprocessofSTEMIrecognition.
By “moving care forward,” emergency
physiciansandemergencymedical tech-
nicianswereempoweredtoinstitutecoro-
nary reperfusionalgorithmswithoutan-
tecedent cardiology consultation.


A second critical aspect involved
implementation of systems designed to
capitalize on and leverage preexistent lo-
cal resources. In particular, for regions
of the state in which primary PCI could
not be instituted within 120 minutes de-
spite maximum system efficiency, we
recommended the rapid administration
of fibrinolysis according to existing
guidelines. Hospitals and regions imple-
menting this approach generally in-
volved mountainous and sparsely popu-
lated regions of the state where
transportation options were limited or
travel times to PCI hospitals were pro-
hibitive. The fact that the median first
door-to-device time for transferred pa-
tients was 128 minutes despite our con-
certed intervention in the most suitable
hospitals indicates that fibrinolytic
therapy should remain an important
treatment option in less accessible parts
of the United States. However, even in
such rural locales where fibrinolysis is
the primary reperfusion strategy, sys-
tems for the rapid transfer of patients re-
main important for patients ineligible for
fibrinolysis and patients who do not
reperfuse with fibrinolysis.


The simplification of reperfusion ap-
proaches to the greatest possible extent
possible, particularly in the transfer set-
ting, was a crucial aspect of our systems
approach.Forexample,intravenousdrips
such as heparin or nitroglycerin were
minimized because we had determined


thatestablishingcontinuousinfusionsled
tosubstantialdelays. Insomeregions, in-
travenoustubingdifferedbyhospitaland
EMS,suchthat tubingandpumpshadto
bechangedbetweentransfers,significantly
increasingtreatmentdelays.Additionally,
some emergency transporters were re-
strictedintheirabilitytorunmultipledrips
due to equipment and personnel limita-
tions. Other simplifications that were
recommended included relying on local
ambulancesratherthanhelicoptersormo-
bilecriticalcareunits, leavingpatients“on
thestretcher”whenappropriate formore
rapidevaluationandtransfer, andagree-


ingtoacceptallpatientsrequiringPCIby
thenearestparticipating facilitywithout
having to check for bed availability.


Perhaps the most controversial rec-
ommendation aimed at simplifying
STEMI treatment to allow more rapid
reperfusion involved the establishment
of a specific reperfusion plan for each
emergency department and EMS. Based
on our experience that STEMI was a rela-
tively infrequent event for most emer-
gency personnel, we believed that the po-
tential benefit from individualizing
treatment for each patient according to
duration of symptoms, catheterization


Table 3. Non-PCI Hospital Processes


Characteristic


No./Total No. (%) of Hospitals


Preintervention Postintervention P Valuea


Create RACE leadership team 14/55 (25) 36/55 (65) �.001


For patients who walk into the ED, first person
encountered


Triage nurse 39/55 (71) 31/55 (56) .01


Nursing assistant 1/55 (2) 1/55 (2) �.99


Registration personnel 12/55 (22) 20/55 (36) .01


Greeter 3/55 (5) 3/55 (5) �.99


Separate system for obtaining ECGs on patients
with chest pain in the ED within 10 min of arrival


15/55 (27) 20/55 (36) .03


Formal orders for suspected MI with a
diagnostic ECG


41/55 (75) 38/55 (69) .55


Formal orders for suspected MI without a
diagnostic ECG


33/55 (60) 35/55 (64) .73


Dedicated ECG machine for ED use only 51/55 (93) 52/54 (96) .16


ECG obtained by EMS before hospitalization is used
to treat patient


0 1/55 (2) NA


Establish single-designated hospital-specific
reperfusion plan


11/55 (20) 49/55 (89) �.001


Hospital designationb


Fibrinolysis hospital 38/55 (69) 28/55 (51) .002


Transfer for PCI hospital 8/55 (15) 16/55 (29) .01


Mixed hospitalc 9/55 (16) 11/55 (20) .57


Eliminate intravenous drips for transfer 0 26/39 (67) NA


ED physician has authority to initiate reperfusion
without consulting cardiologist


41/52 (79) 51/55 (93) .02


Use a single call number that automatically activates
catheterization team


9/55 (16) 51/53 (96) �.001


Local ambulance for transfer within 50 miles 13/38 (34) 28/50 (56) .11


Keep patient on local ambulance stretcher 2/45 (4) 11/39 (28) .009


ECG equipment for EMS to do prehospital ECG 41/55 (75) 45/51 (88) .046


Program for paramedics to recognize ST-elevation
on 12-lead ECGs


25/55 (45) 37/46 (80) �.001


Predestination protocol for EMS with patients
with STEMI


6/55 (11) 28/46 (61) �.001


Abbreviations: ECG, electrocardiogram; ED, emergency department; EMS, emergency medical systems; MI, myocardial
infarction; NA, not applicable; PCI, percutaneous coronary intervention; RACE, Reperfusion of Acute Myocardial Infarc-
tion in North Carolina Emergency Departments; STEMI, ST-segment elevation MI.


aP values are based on McNemar test for matched pairs.
bPreintervention designation according to the predominant approach to reperfusion before the RACE intervention.
cSelected fibrinolysis or transfer for PCI depending on whether expedient transfer was possible according to local weather


and equipment availability.
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laboratory proximity, and bleeding risk
was outweighed by the benefit of select-
ing the best reperfusion strategy for most
patients and avoiding delay resulting
from indecision and the time required to
individualize a treatment plan. Emer-
gency physicians appeared to favor a pre-
determined algorithm-directed ap-
proach to reperfusion that resulted in
rapid, coordinated treatment and an ex-
pedient patient disposition.


We elected to include all hospital and
EMS within a given region when pos-
sible. This approach was facilitated by
meetings with administration and phy-


sicians at all institutions, designing the
interventions around existing referral
lines, and developing reperfusion strat-
egies according to consensus. STEMI
care was approached from a hospital
quality perspective, with blinded data
collection, and use of professional or-
ganizations and academic medical cen-
ters in the state to facilitate collabora-
tive interaction and decision making.


The final and perhaps most impor-
tant aspect of our intervention in-
volved the facilitation of regional and
statewide systems by full-time nurse co-
ordinators. For each region, a coordi-


nator funded by both the PCI hospi-
tals and by the RACE program was
responsible for overseeing every as-
pect of the intervention including PCI
hospital catheterization activation sys-
tems, emergency department and EMS
STEMI plans, and data collection by
chart review preintervention and post-
intervention. They were also involved
in local as well as regional education of
EMS, nursing, other emergency depart-
ment and catheterization laboratory
personnel, and administrators. These
regional coordinators were largely re-
sponsible for improvements in care and
the overall success of the program.


Thesystemhassomesimilaritiestoand
substantialdifferencesfromotherSTEMI
reperfusionsystems.ThesuccessfulMin-
nesota Level 1 Heart Attack Program
servedasamodel formanyofoursystem
transfer interventions.17 Focus on the
“golden” firsthourandextensiveurgent
coordination of transport and specialty
hospital servicesmirroredthatofnation-
wide trauma system and the Minnesota
HeartAttacksystem.Unlikeourinterven-
tion,theMinnesotaapproachreliesheavily
on helicopter transport, provides PCI to
all patients at a single center, and uses a
facilitatedapproachcombininghalf-dose
fibrinolysis and PCI for patients initially
presentingtohospitalsmorethan60miles
of the catheterization laboratory. Pend-
ingclinical trialevidence,weemphasized
reperfusionapproachessupportedbyex-
isting data and established guidelines.
Given the scope of our intervention area
and the wide array of regional capabili-
ties, a singleapproachtoreperfusionwas
simply not feasible in our system.


Numerous other systems in the coun-
try similarly use emergency medical tech-
nicians to perform electrocardiograms
and transport patients directly to cen-
ters with primary PCI capability, includ-
ing the bypass of non-PCI centers.18-20 In
our geographically, economically, and
demographically diverse state, the best
approach to prehospital electrocardiog-
raphy varied according to the region and
hospital. Rather than attempt to ex-
pand the availability of paramedics in ru-
ral regions with limited financial re-
sources, a member of our oversight board


Table 4. Treatment Times and Outcomes for Patients at PCI Hospitals and Non-PCI Hospitals


Preintervention Postintervention P Value


Primary PCI Hospitals
All patients undergoing primary PCI (n = 266) (n = 359)


First door-to-device, median (IQR), min 108 (77-159) 90 (65-129) �.001


Patients �90 min, No. (%) 97 (36.5) 185 (51.3) �.001


Patients presenting directly to PCI hospital (n = 164) (n = 232)


First door-to-device, median (IQR), min 85 (67-117) 74 (53-94) �.001


Patients �90 min, No. (%) 93 (56.7) 167 (72.0) .002


Patients transferred to PCI hospital (n = 102) (n = 127)


First door-to-device, median (IQR), min 165 (129-229) 128 (102-195) �.001


Patients �90 min, No. (%) 4 (3.9) 17 (13.4) .01


Clinical outcomes (overall), No. (%) (n = 579) (n = 585)


Death 36 (6.2) 44 (7.5) .38


Stroke 6 (1.0) 1 (0.2) .06


Cardiac arrest 24 (4.2) 18 (3.1) .33


Cardiogenic shock 46 (7.9) 45 (7.7) .88


Non-PCI Hospitals
All patients (n = 515) (n = 404)


Door-in to door-out, median (IQR), min 120 (77-248) 71 (45-110) �.001


Patients �60 min, No. (%) 81 (15.7) 152 (37.6) �.001


Patients �30 min, No. (%) 16 (3.1) 41 (10.2) �.001


Patients at fibrinolysis hospitalsa (n = 239) (n = 201)


Door-in to door-out, median (IQR), min 125 (87-217) 87 (65-124) �.001


Patients �60 min, No. (%) 13 (5.4) 37 (18.4) �.001


Patients �30 min, No. (%) 2 (0.8) 1 (0.5) .67


Patients at transfer for PCI hospitalsa (n = 178) (n = 130)


Door-in to door-out, median (IQR), min 97 (49-281) 45 (29-70) �.001


Patients �60 min, No. (%) 57 (32.0) 85 (65.4) �.001


Patients �30 min, No. (%) 13 (7.3) 34 (26.2) �.001


Patients at mixed strategy hospitalsa (n = 98) (n = 73)


Door-in to door-out, median (IQR), min 120 (89-306) 71 (42-154) �.001


Patients �60 min, No. (%) 11 (11.2) 30 (41.1) �.001


Patients �30 min, No. (%) 1 (1.0) 6 (8.2) .02


Fibrinolysis (n = 233) (n = 158)


Door-to-needle, median (IQR), min 35 (25-55) 29 (21-46) .002


Patients �30 min, No. (%) 81 (34.8) 82 (51.9) �.001
Abbreviations: IQR, interquartile range; PCI, percutaneous coronary intervention.
aEach hospital’s initial reperfusion strategy is defined based on the postintervention period.
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successfully lobbied to alter state regu-
lations that now allow intermediate-
level emergency medical technicians to
perform electrocardiograms in regions in
which paramedics are not available. The
same regional variation in resources led
us to rely on a number of approaches for
electrocardiographic interpretation, in-
cluding paramedic interpretation, com-
puter algorithm interpretation, electro-
cardiogram transmission, and, if none of
these approaches were feasible, simply
showing the electrocardiogram to emer-
gency physicians as the patients arrived
at the emergency department.


Recent professional association ini-
tiatives share features of our program.
The American College of Cardiology
Door to Balloon (D2B) program fo-
cuses on improved catheterization labo-
ratory system performance.21 In fact, all
10 of our PCI hospitals joined the D2B
initiative at the end of the RACE initia-
tive; the final proportion of patients at
participating RACE hospitals undergo-
ing PCI within 90 minutes approaches
the D2B goal of 75%. Our concept of de-
signing different regional STEMI sys-
tems based on whether nearby hospi-
tals offer primary PCI has been formally
codified by the American Heart Associa-
tion Mission Lifeline approach.7 Hospi-
tals and regions that focused on trans-
fer for PCI in our system most closely
reflect the American Heart Association
approach. Although interhospital trans-
fer times were significantly reduced by
our interventions, greater than optimal
delays persisted despite an intense and
well-funded effort in regional coordina-
tion. This indirectly suggests that even
with improvement in application of rapid
and high-quality primary PCI, fibrino-
lytic therapy will continue to play an im-
portant role in many parts of the country.


Our experience and an Institute of
Medicine report22 suggest that more re-
sources should be applied to EMS and
emergency departments to treat STEMI,
ashasoccurredtodeveloptraumasystems
throughout theUnitedStates. Inparticu-
lar, with a lack of federal standards and
relianceonlocalgovernment for funding
andsupport,EMSinmanylocaleslackad-
equate resources, personnel, or training


to consistently apply emergency STEMI
care.22 Minimum national standards for
EMStrainingandresponseshouldbees-
tablishedandadequate fundingprovided
toensureuniformapplication.Additional
barriers to rapid care that must be ad-
dressed include modification of reim-
bursement systems to remove financial
penalties for transferringpatientsandre-
visionofEmergencyMedicalTreatment
andActiveLaborAct(EMTALA)statutes
such that there is less ambiguity regard-
ing the importanceof transfer in thecase
of STEMI.


This study has several limitations.
There was no regional or national com-
parator by which to judge the relative im-
provement in STEMI care. The long-
running NRMI was closed in December
2006, before our postdata collection pe-
riod. Comparison with NRMI reports
was further limited by the lack of avail-
ability of continuous data distributions
and the reporting of treatment times in
a rolling 12-month fashion. With these
significant caveats in mind, a compari-
son with NRMI during a similar period
suggests larger improvements with the
RACE intervention.


Additional limitations of our study
are also related to data. Although non-
PCI hospital data were collected by in-
dependent study personnel, it is pos-
sible that these hospitals did not make
charts available for select patients. For
PCI hospitals, we were not able to au-
dit data feeds to NRMI, further allow-
ing for bias in self-reported data. Dur-
ing the time period, CMS audited a
small sample of hospital records re-
lated to reperfusion times, possibly lead-
ing to more accurate data reporting by
participating hospitals.


The limitations indata illustrateama-
jornational issue inestablishingsystems
of STEMI care. Performance measure-
mentand feedbackrepresentsoneof the
mosteffectivetoolsformotivatingchange
andimprovingsystems.Withthediscon-
tinuationof theNRMIregistry, thereare
plans for the American College of Car-
diology National Cardiovascular Data
RegistryACTIONregistry tobeginmea-
suringreperfusionparametersofSTEMI.
We have urged all hospitals participat-


inginoursystemtoparticipateinthisreg-
istry.Dataauditing, theavailabilityof re-
gional and national benchmarks, and
tracking of transferred patients includ-
ing deaths in transfer will be essential
components of this registry.


Another limitation of the hospital reg-
istries used in our study is that deaths
that occurred during transfer were not
systematically identified in data from the
transferring or the receiving hospital. We
are currently establishing an approach
to routinely identify all deaths in trans-
fer according to cardiac catheterization
laboratory activation calls for which the
patient does not arrive at the catheter-
ization laboratory. As the greatest op-
portunity for improvement lies in the
“front lines” of cardiac care, access to or
merger of hospital registries with EMS
data such as the National EMS Informa-
tion System will be important to fully as-
sess impact on clinical outcomes.


CONCLUSION
We have demonstrated that a statewide
program focused on the development of
regional systems for STEMI reperfu-
sion can significantly improve quality of
care. Further research is needed to en-
sure that this and other programs that
demonstrate improvement in applica-
tion of reperfusion therapies lead to re-
duced mortality and morbidity from
acute myocardial infarction.
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seph Babb, MD; Timothy Reeder, MD; John Rose, MD;
Joseph Shiber, MD; Sue Edwards, Mary Yahnker, Jerry
Fath,MaryAliceNobles, BrianFloyd. ParticipatingHos-
pitals in Eastern North Carolina: Pitt County Memorial
Hospital, Greenville (PCI): Beaufort County Hospital,
Washington(34);BertieMemorialHospital,Windsor(55);
Chowan Hospital, Edenton (94); Duplin General Hos-
pital, Kenansville (88); Halifax Regional Medical Cen-
ter,RoanokeRapids(97);HeritageHospital,Tarboro(35);
Lenoir Memorial Hospital, Kinston (43); Martin General
Hospital,Williamston(50);NashGeneralHospital,Rocky
Mount (51); Onslow Memorial, Jacksonville (102); Our
Community Hospital, Scotland Neck (70); Pungo Dis-
trict Hospital, Belhaven (77); Roanoke-Chowan hospi-
tal,Ahoskie(74);WashingtonCountyHospital,Plymouth
(78).Winston-Salem:LisaMonk,RN,MSN(regionalco-
ordinator);StephanieStarling-Edwards,RN,BSN(regional
coordinator);RobertApplegate,MD;DavidBohle,MD;
James Hoekstra, MD; Greggory Tarleton, MD; Paul
Hammes, JeannieKiger,RichLundy,DerekWoods.Par-
ticipating Hospitals in Winston-Salem: Forsyth Medi-
calCenter(PCI)andWakeForestUniversity/BaptistMedi-
cal Center (PCI), Winston-Salem: Alleghany Memorial
Hospital, Sparta (84); Ashe Memorial Hospital, Jeffer-
son(104);DavisRegionalMedicalCenter,Statesville(35);
HughChathamMemorialHospital,Elkin(48); IredellMe-
morialHospital,Statesville(39);NorthernHospitalofSurry
County, Mount Airy (28); Lexington Memorial Hospi-
tal, Lexington (45); Thomasville Medical Center, Tho-
masville (38);TwinCountyRegionalHospital,Galax(84);
WilkesRegionalMedicalCenter,N.Wilkesboro(58).State
CentralSteeringCommittee:ChristopherGranger,MD;
Mayme Lou Roettig, RN; James Jollis, MD. Oversight
Board: Robert Califf, MD; Pamela Douglas, MD; Rob-
ert Harris, MD; Greg Mears, MD; William O’Neill, MD.
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Abstract


Background: In patients who have had acute myocardial infarction, the delay between the onset of symptoms and hospital presentation is a critical
factor in determining the initial management strategy and outcomes of treatment.


Objective: To examine the determinants of delayed hospital presentation in patients who have had acute myocardial infarction.


Design: Retrospective chart review.


Setting: 37 hospitals in Minnesota.


Patients: 2409 persons hospitalized with acute myocardial infarction between October 1992 and July 1993.


Main Outcome Measure: Hospital presentation delayed more than 6 hours after the onset of symptoms of acute myocardial infarction.


Results: Information on length of delay was available for 2404 patients. Of these patients, 969 (40%) delayed presentation to the hospital for more
than 6 hours after the onset of symptoms. Factors associated with prolonged delay included advanced age and female sex. The presence of chest
discomfort and a history of mechanical revascularization significantly reduced the risk for prolonged delay. Risk for delay was greatest during the
evening and early morning hours (6:00 p.m. to 6:00 a.m.) Patients with a history of hypertension were more likely to delay presentation. Only 42% of
all patients hospitalized with acute myocardial infarction had used emergency medical transport services.


Conclusions: Patients who have had acute myocardial infarction often delay hospital presentation. Educational interventions that encourage the
prompt use of emergency medical transport services and target specific patient populations, such as elderly persons, women, and persons with
cardiac risk factors, may be most successful in reducing the length of delay and improving the outcomes of patients with acute myocardial
infarction.


The time from the onset of symptoms of acute myocardial infarction to hospital presentation has long been observed to correlate with in-hospital
and long-term mortality [1]. With the advent of the thrombolytic era, delayed hospital presentation has been recognized as both the largest
contributor to postponed treatment of acute myocardial infarction and a critical determinant of the initial management strategy. The findings of the
large clinical trials of thrombolysis in acute myocardial infarction have consistently shown a relation between early treatment and improvements in
short-term survival [2]. In the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Arteries (GUSTO-1) trial [3], the
30-day mortality rates were 5.6% in patients who came to the hospital within 1 hour of symptom onset and 8.6% in patients who delayed
presentation for more than 4 hours. The time between symptom onset and presentation is often the most important determinant of eligibility for
thrombolytic therapy. Several population-based studies have confirmed a strong inverse association between the length of delay and the use of
thrombolytic agents [4, 5]. For example, findings from the Worcester heart Attack Study [6] have indicated that patients arriving at the emergency
department within 1 hour of the onset of acute symptoms are more than six times more likely to receive thrombolytic therapy than are patients
presenting more than 6 hours after symptom onset.


The identification of factors contributing to delayed hospital presentation in patients who have had acute myocardial infarction is essential to the
development of appropriate patient-directed educational interventions to reduce delay. To examine this issue, we studied 2409 patients in whom
acute myocardial infarction was suspected at the time of admission to 37 hospitals in Minnesota between October 1992 and July 1993.


Methods


Setting


The Minnesota Clinical Comparison and Assessment Program is a quality improvement program of the Healthcare Education and Research
Foundation that involves hospitals throughout Minnesota; the 45 participating hospitals account for 60% of all hospital admissions statewide. Of
these hospitals, 37 participated in our study. Fifty-four percent of the study hospitals were located in urban areas. Fifty-one percent had fewer than
100 beds; 43% had 100 to 500 beds; and 5% had 500 or more beds. Two hospitals were academic medical centers, and the rest were community
hospitals.


Study Sample


To define a sample of patients in whom acute myocardial infarction was suspected at the time of hospital presentation, all admissions to the study
hospitals from October 1992 to July 1993 were retrospectively screened for the following admission diagnoses: acute myocardial infarction,
rule-out acute myocardial infarction, and suspected acute myocardial infarction [7]. Information on clinical symptoms at the time of hospital
presentation, as well as electrocardiographic results and serum enzyme levels during the first 24 hours of hospitalization, was obtained from
medical records. Patients were included if they met two of the following clinical criteria: 1) typical symptoms of acute myocardial infarction [chest







discomfort, arm or shoulder pain, diaphoresis, dyspnea, nausea or vomiting, and neck or jaw pain]; 2) explicit medical record documentation by a
physician that electrocardiographic findings were considered compatible with acute myocardial infarction; and 3) elevated serum creatine kinase
and MB isoenzyme levels that were above the upper limit of normal (as specified by the laboratory at each participating hospital). Of 4968 persons
with the specified admission diagnoses, 2559 were excluded for the following reasons: failure to meet clinical criteria (44.4%); transfer from a
nonstudy hospital (30.5%); inability to access the medical record (22.0%); history of myocardial infarction during the 2 weeks before the hospital
admission of interest (2.7%); and death by the time of arrival at the hospital (0.4%).


Length of Delay


The amount of time that elapsed between the onset of symptoms suggestive of an acute coronary event and hospital presentation was categorized
as follows: less than 2 hours, 2 to 6 hours, more than 6 hours to 12 hours, more than 12 hours to 24 hours, more than 24 hours to 72 hours, and
more than 72 hours. Delay categories were defined a priori to be clinically relevant to making decisions about the management of acute myocardial
infarction, particularly the use of thrombolytic therapy. Patients whose medical records indicated that they had developed symptoms within the day
of admission but gave no additional information on timing were placed in a separate category. For analyses of the relation between various
demographic and clinical factors and delay, we considered these patients to have presented to the hospital more than 12 hours to 24 hours after
symptom onset; this time category was outside the window during which benefit could be achieved from thrombolytic therapy [2].


Patient Characteristics


Demographic and socioeconomic variables of interest were age (<55, 55 to 64, 65 to 74, 75 to 84, or ≥ 85 years), sex, marital status (married,
never married, widowed, or divorced), living arrangement (not alone, alone, or residing in a long-term care facility), location of residence based on
ZIP code (urban or rural), employment status (employed, unemployed, or retired), and health insurance status (Medicare, health maintenance
organization, or other commercial coverage; Medicaid; or no insurance). Each patient was also characterized according to the median income of the
ZIP code of residence for 1993, obtained from U.S. census data. Use of emergency medical transport was determined from information in the
medical record.


Clinical characteristics noted at the time of admission included a history of hypercholesterolemia, hypertension, diabetes mellitus, angina,
myocardial infarction, congestive heart failure, mechanical revascularization (percutaneous transluminal coronary angioplasty or coronary artery
bypass graft surgery), family history of coronary artery disease, and previous use of sublingual nitroglycerin. Patients were characterized according
to the presence or absence of chest discomfort as a symptom of acute myocardial infarction.


We used the Index of Co-existent Disease to characterize the burden of comorbid disease among the study patients. Details on the development of
this index and scoring guidelines have been described elsewhere [8, 9]. The index consists of two dimensions: 1) severity of coexisting medical
conditions and 2) degree of physical impairment. These dimensions were determined on the basis of information contained in the medical record at
the time of hospital admission. The assessments for both dimensions were condensed into a single composite index consisting of four levels that
ranged from no coexisting disease or no significant physical impairment to severe coexisting disease or severe physical impairment (none, mild,
moderate, severe).


The day of symptom onset was characterized according to whether it was a weekday or occurred on a weekend. The time of day during which
symptoms developed was categorized as follows: 6:00 a.m. to 11:59 a.m., noon to 5:59 p.m., 6:00 p.m. to 11:59 p.m., and midnight to 5:59 a.m. To
determine the time-of-day category for a particular patient, the number of hours reflecting the midpoint of the delay category for that patient was
subtracted from the time of hospital presentation. This measure was determined only for patients with delays of 24 hours or less because the
relevance of this factor for patients with delays of more than 1 day was believed to be questionable.


Data Collection and Integrity


All information that was relevant to our study was abstracted from medical records. Trained nurse abstracters collected all data. Abstracters were
required to show ongoing inter-rater agreement with a criterion review of 95% or higher. A random sample of 10% of each abstracter's completed
cases was retrospectively audited to ensure that this standard was met.


Statistical Analysis


Patients were classified according to whether the delay between onset of symptoms suggestive of acute myocardial infarction and hospital
presentation was 6 hours or less or more than 6 hours. Factors potentially associated with a delay of more than 6 hours were first examined by
using chi-square statistics. Logistic regression models were used to determine factors that were independently associated with delay of more than
6 hours. Regression models initially included terms for patient age, sex, marital status, living arrangement, location of residence, employment
status, health insurance status, median income, presence of chest discomfort as a symptom, medical history (hypercholesterolemia, hypertension,
diabetes mellitus, angina, myocardial infarction, congestive heart failure, mechanical revascularization, family history of coronary artery disease,
and use of sublingual nitroglycerin), and Index of Co-existent Disease category. A term was also included in the model to indicate the day of the
week on which symptoms developed. To examine the independent effect on delay of the time of day at which symptoms occurred, an analysis was
done only for patients whose symptoms had lasted 24 hours or less.


Final models were constructed by using the standard stepwise regression procedure available in SAS PROC LOGIST (SAS Institute, Cary, North
Carolina) [10]; all dummy variables associated with a unique study characteristic were forced into the final model if any of the dummy variables was
associated with a P value of 0.05 or less. Selected variables (age and sex) were forced into the models regardless of the significance level. Odds
ratios and 95% CIs were calculated directly from the estimated regression coefficients and their SEs.


Results


Length of delay could be assigned for all but 5 of the 2409 patients (99.8%). The distribution of delay was as follows: less than 2 hours, 35% of 2404
patients; 2 to 6 hours, 25%; more than 6 hours to 12 hours, 9%; more than 12 hours to 24 hours, 8%; more than 24 hours to 72 hours, 12%; more
than 72 hours, 7%; and within the day of admission without further information on timing, 4%. Of these 2404 patients, 969 (40%) delayed
presentation to the hospital for more than 6 hours after the onset of symptoms. Forty-two percent of all patients used emergency medical transport







services.


In univariate analyses, several factors were associated with a delay of more than 6 hours (Table 1 and Table 2). Women were significantly more
likely to delay than men. Patients older than 85 years of age were more likely to delay than those younger than 55 years of age. Patients who did
not have a living spouse, who lived alone, who resided in a long-term care facility, or who were retired delayed more often than other patients.
Patients with a history of hypertension or congestive heart failure were more likely to delay than were those without such a history, as were those
with an increased burden of coexisting disease. Patients whose symptoms developed between 6:00 p.m. and 11:59 p.m. and between midnight and
5:59 a.m. had the greatest risk for delay compared with patients whose symptoms developed between 6:00 a.m. and 11:59 a.m. Patients who had a
history of coronary angioplasty or bypass graft surgery were less likely to delay than those who had not had these procedures. Patients who had
chest discomfort were more likely to delay than patients who had symptoms of acute myocardial infarction other than chest discomfort.


View this table:
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Table 1. Patient Characteristics: Demographics
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Table 2. Patient Characteristics: History


One hundred forty-seven patients with unknown values for any of the categorical variables were excluded from the multivariate analysis; thus, 2262
patients from the total study sample remained for analysis (Table 3). According to this analysis, women were significantly more likely to delay than
men. Patients 85 years of age or older were more likely to delay than patients younger than 55 years of age. Among clinical factors, history of
hypertension was associated with delay. The presence of chest discomfort and a history of mechanical revascularization significantly reduced the
risk for delay. In a multivariate model that included only patients with symptoms that had lasted 24 hours or less, the onset of symptoms between
midnight and 5:59 a.m. posed the greatest risk for delay compared with the reference time period (6:00 a.m. to 11:59 a.m.) (adjusted odds ratio,
3.64 [95% CI, 2.55 to 5.21]).
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Table 3. Adjusted Odds Ratios Relating Patient Characteristics to Delay of More Than 6 Hours


Discussion


Our community-based study is one of the most extensive evaluations to date of the various factors potentially related to delayed hospital
presentation in patients suspected of having had acute myocardial infarction. Advanced age and female sex predisposed patients to an increased
delay in hospital presentation. Onset of symptoms during the evening and early morning hours also substantially increased the likelihood of delay;
the risk was greatest for patients whose symptoms developed between midnight and 6 a.m. As expected, patients whose symptoms included chest
discomfort and patients who had previously had a mechanical revascularization procedure (angioplasty or bypass surgery) were less likely to delay
presentation. However, history of cardiac risk factors or cardiac disease (including hypercholesterolemia; diabetes mellitus; family history of
coronary artery disease; and personal history of angina, myocardial infarction, or congestive heart failure) had no discernible effect on the
occurrence of prolonged delay. A history of hypertension actually increased the likelihood of delaying presentation by more than 6 hours.


Since the 1960s, several investigations have examined patient delay in response to symptoms of acute myocardial infarction [11, 12]. Comparisons
across studies are extremely difficult to make because of differences in study setting, study years, definitions and components of delay time,
inclusion criteria, numbers of patients studied, and the demographic and clinical characteristics examined in relation to delay [13]. Our study has
several strengths in comparison with previous work. The time period of our study fits squarely into the thrombolytic era of cardiovascular care. Our
study sample consisted of many patients who presented to a large and diverse group of hospitals with symptoms of acute myocardial infarction.
Inclusion criteria were based on information about the clinical assessment of patients limited to the first 24 hours of hospitalization. We believe
that our study sample represents the most relevant group of patients with regard to clinical decision making in the initial phase of diagnosing and
treating acute myocardial infarction.


In the final model, advanced patient age was significantly related to delayed hospital presentation. Several factors may explain this finding. Older
patients are more likely to have atypical or asymptomatic myocardial infarction and are more likely to have an increased burden of comorbid
disease than are younger patients [14-16]. The association between older patient age and delay has been noted in many population-based studies
as well as in randomized trials in patients with acute myocardial infarction [1, 5, 13, 17-21]. The risk for dying after acute myocardial infarction
increases dramatically with advancing age [22, 23]. Data from the Worcester Heart Attack Study [24] indicate that in 1990, the in-hospital
case-fatality rate from acute myocardial infarction increased from 3% among persons younger than 65 years of age to 14.2% among persons 65 to
74 years of age and to 29.2% for persons 75 years of age or older. Reducing the time between the onset of symptoms and hospital presentation may
be one way to begin to address the poor outcomes currently seen in older patients who have had acute myocardial infarction.


Women suspected of having had acute myocardial infarction were more likely than men to delay presentation. Although various studies have
examined differences in patterns of cardiovascular care between women and men, little attention has been paid to the prehospital phase of acute
myocardial infarction [25]. Factors that may explain the role of sex in prolonged delay include differences between men and women in age,
comorbid conditions, symptoms, social support, and insurance characteristics. We tried to control for many of these factors in our analyses. This
finding implies the need for further exploration of the role of women's knowledge and interpretation of symptoms of acute coronary events as well







as physicians' knowledge and attitudes about female patients who report symptoms suggestive of cardiac disease.


A link between low socioeconomic status and delay was not clearly established in previous studies [26]. However, such a relation has been
suggested by the findings of Ell and colleagues [27], who compared black patients hospitalized with acute chest pain in a large urban public
hospital (in which most patients had no insurance and no other source of care) with patients admitted to a large urban private health maintenance
organization hospital [27]. Patients admitted to the public hospital had substantially longer delays than did patients admitted to the private
hospital. In our study, we did not observe an association between median income (determined on the basis of ZIP code of residence) and prolonged
delay.


Fewer than half of all patients in our study used emergency medical transport services. Previous studies have suggested that a patient's decision to
call a physician first rather than an ambulance substantially increases the time to arrival at the hospital [28-32]. We could not determine the level of
physician involvement (if any) in the decision to use emergency transport to the hospital. The process by which patients with chest pain are triaged
by telephone varies by physician; even carefully designed chest pain protocols, when used by improperly trained personnel or when applied to
patients with atypical symptoms, may not be adequate for making prompt and appropriate decisions. In the managed care setting, increasing
pressures to avoid expensive emergency transport costs and emergency department care raise additional concerns about unnecessary delays in
hospital presentation.


Our investigation also has several limitations. We relied on retrospective chart review to obtain all data used. We did not have access to patients or
their physicians to directly obtain specific information on the components of delay or to more fully explore factors that may have contributed to
delay [4, 33]. However, we could ascertain information on delay for almost all study patients; this level of ascertainment is generally seen only in
clinical trials of acute myocardial infarction that require specific information on delay to confirm eligibility for participation. Patients participating in
such trials are often not representative of the general population of patients who have had acute myocardial infarction [34]. Although our study was
limited to one state, we were able to include many predominantly community hospitals that accounted for a substantial proportion of the hospital
admissions throughout Minnesota. Furthermore, many of our findings are consistent with those of studies that derived patients from several sites in
diverse geographic regions [1, 3].


Among patients with symptoms of acute myocardial infarction, various factors contribute to prolonged delay in seeking hospital care: attempts at
self-treatment with rest or medication, an extended process of decision making in which the patient seeks the advice of a physician or family
member before obtaining hospital care [31], and underuse of emergency medical services [26]. Continued improvements in 911 systems,
emergency medical dispatch systems, the staffing and equipping of emergency medical service systems, and the rapid identification and treatment
of patients in emergency departments are essential to improving the care of patients who have had acute myocardial infarction [35, 36]. However,
the existing literature suggests that patient indecision about seeking medical help is the most important reason for delay in hospital presentation
among patients suspected of having had acute myocardial infarction. In a study of more than 2000 patients hospitalized with acute myocardial
infarction in King County, Washington, the most common reasons for delays in seeking care were the belief that the symptoms would go away and
the belief that the symptoms were not severe enough to warrant seeking care. The major reasons for not using emergency medical transport
services were that the symptoms were not severe enough to warrant their use, the patient had not thought of calling 911, and the patient had
believed that self-transport would be faster [37].


No proven method is currently available for educating patients to hasten their presentation to the hospital in response to symptoms suggestive of
acute myocardial infarction [38]. Meischke and colleagues [37] have suggested that interventions need to go beyond increasing knowledge of signs
and symptoms of acute myocardial infarction and should include components that lead to increased patient self-confidence in dealing with these
symptoms in order to rapidly activate the emergency medical system [37]. Our findings have several implications for the design and implementation
of such interventions. The elderly and women are two patient populations that require targeted interventional efforts. Efforts are also required to
increase the awareness of persons with established cardiac risk factors of the need for prompt response to symptoms. Increasing the appropriate
use of emergency medical services requires interventions directed at both patients and physicians. Any reluctance by patients to seek medical care
during the evening and early morning hours must be discouraged. Continued efforts to reduce patient delay remain integral to improving the
management of acute myocardial infarction.


Drs. McLaughlin and Soumerai and Ms. Gao: Department of Ambulatory Care and Prevention, Harvard Medical School and Harvard Pilgrim Health
Care, 126 Brookline Avenue, Suite 200, Boston, MA 02215.


Dr. Willison: System-Linked Research Unit on Health and Social Service Utilization, McMaster University Health Sciences Centre, 1200 Main Street
West, Room 3N46, Hamilton, Ontario L8N 3Z5, Canada.


Drs. Guadagnoli and Hauptman: Department of Health Care Policy, Harvard Medical School, 25 Shattuck Street, Parcel B-1st Floor, Boston, MA
02115.


Copyright ©2004 by the American College of Physicians


References


1. Turi ZG, Stone PH, Muller JE, Parker C, Rude RE, Raabe DE, et al. Implications for acute intervention related to time of hospital arrival in
acute myocardial infarction. Am J Cardiol. 1986; 58:203-9.
2. Indications for fibrinolytic therapy in suspected acute myocardial infarction: collaborative overview of early mortality and major morbidity
results from all randomised trials of more than 1000 patients. Fibrinolytic Therapy Trialists' (FTT) Collaborative Group. Lancet. 1994; 343:311-22.


3. Newby LK, Rutsch WR, Califf RM, Simoons ML, Aylward PE, Armstrong PW, et al. Time from symptom onset to treatment and outcomes
after thrombolytic therapy. GUSTO-1 Investigators. J Am Coll Cardiol. 1996; 27:1646-55.
4. Epidemiology of avoidable delay in the care of patients with acute myocardial infarction in Italy. A GISSI-generated study. GISSI-Avoidable Delay
Study Group. Arch Intern Med. 1995; 155:1481-8.
5. Maynard C, Weaver WD, Lambrew C, Bowlby LI, Rogers WJ, Rubison RM. Factors influencing the time to administration of thrombolytic
therapy with recombinant tissue plasminogen activator (data from the National Registry of Myocardial Infarction). Participants in the National







Registry of Myocardial Infarction. Am J Cardiol. 1995; 76:548-52.
6. Goldberg RJ, Gurwitz J, Yarzebski J, Landon J, Gore JM, Alpert JS, et al. Patient delay and receipt of thrombolytic therapy among patients
with acute myocardial infarction from a community-wide perspective. Am J Cardiol. 1992; 70:421-5.
7. McLaughlin TJ, Soumerai SB, Willison DJ, Gurwitz JH, Borbas C, Guadagnoli E, et al. Adherence to national guidelines for drug treatment
of suspected acute myocardial infarction in community hospitals: evidence for undertreatment in women and the elderly. Arch Intern Med. 1996;
156:799-805.
8. Greenfield S, Apolone G, McNeil BJ, Cleary PD. The importance of co-existent disease in the occurrence of postoperative complications and
one-year recovery in patients undergoing total hip replacement. Comorbidity and outcomes after hip replacement. Med Care. 1993; 31:141-54.


9. Greenfield S, Sullivan L, Silliman RA, Dukes K, Kaplan SH. Principles and practice of case mix adjustment: applications to end-stage renal
disease. Am J Kidney Dis. 1994; 24:298-307.
10. SAS Institute. SAS/STAT User's Guide. Version 6. 4th ed, v 2. Cary, NC: SAS Institute; 1989.
11. Olin HS, Hackett TP. The denial of chest pain in 32 patients with acute myocardial infarction. JAMA. 1964; 190:977-82.
12. Hackett TP, Cassem NH. Factors contributing to delay in responding to the signs and symptoms of acute myocardial infarction. Am J Cardiol.
1969; 24:651-8.
13. Yarzebski J, Goldberg RJ, Gore JM, Alpert JS. Temporal trends and factors associated with extent of delay to hospital arrival in patients with
acute myocardial infarction: the Worcester Heart Attack Study. Am Heart J. 1994; 128:255-63.
14. Medalie JH, Goldbourt U. Unrecognized myocardial infarction: five-year incidence, mortality, and risk factors. Ann Intern Med. 1976;
84:526-31.
15. Kannel WB, Abbott RD. Incidence and prognosis of unrecognized myocardial infarction. An update from the Framingham study. N Engl J Med.
1984; 311:1144-7.
16. Sigurdsson E, Thorgeirsson G, Sigvaldason H, Sigfusson N. Unrecognized myocardial infarction: epidemiology, clinical characteristics,
and the prognostic role of angina pectoris. The Reykjavik Study. Ann Intern Med. 1995; 122:96-102.
17. Maynard C, Althouse R, Olsufka M, Ritchie JL, Davis KB, Kennedy JW. Early versus late hospital arrival for acute myocardial infarction in
the western Washington thrombolytic therapy trials. Am J Cardiol. 1989; 63:1296-300.
18. Weaver WD, Litwin PE, Martin JS, Kudenchuk PJ, Maynard C, Eisenberg MS, et al. Effect of age on use of thrombolytic therapy and
mortality in acute myocardial infarction. The MITI Project Group. J Am Coll Cardiol. 1991; 18:657-62.
19. Schmidt SB, Borsch MA. The prehospital phase of acute myocardial infarction in the era of thrombolysis. Am J Cardiol. 1990; 65:1411-5.
20. Meischke H, Eisenberg MS, Larsen MP. Prehospital delay interval for patients who use emergency medical services: the effect of heart-
related medical conditions and demographic variables. Ann Emerg Med. 1993; 22:1597-601.
21. Gurwitz JH, Gore JM, Goldberg RJ, Rubison M, Chandra N, Rogers WJ. Recent age-related trends in the use of thrombolytic therapy use in
patients who have had acute myocardial infarction. National Registry of Myocardial Infarction. Ann Intern Med. 1996; 124:283-91.
22. Udvarhelyi IS, Gatsonis C, Epstein AM, Pashos CL, Newhouse JP, McNeil BJ. Acute myocardial infarction in the Medicare population.
Process of care and clinical outcomes. JAMA. 1992; 268:2530-6.
23. Maggioni AP, Maseri A, Fresco C, Franzosi MG, Mauri F, Santoro E. Age-related increase in mortality among patients with first myocardial
infarctions treated with thrombolysis. The Investigators of the Gruppo Italiano per lo Studio della Sopprawivenza nell'Infarto Miocardio (GISSI-2). N
Engl J Med. 1993; 329:1442-8.
24. Gurwitz JH, Goldberg RJ, Chen Z, Gore JM, Alpert JS. Recent trends in hospital mortality of acute myocardial infarction-the Worcester Heart
Attack Study. Have improvements been realized for all age groups? Arch Intern Med. 1994; 154:2202-8.
25. Wenger NK, Speroff L, Packard B. Cardiovascular health and disease in women. N Engl J Med. 1993; 329:247-56.
26. Dracup K, Moser DK, Eisenberg M, Meischke H, Alonzo AA, Braslow A. Causes of delay in seeking treatment for heart attack symptoms.
Soc Sci Med. 1995; 40:379-92.
27. Ell K, Haywood LI, Sobel E, deGuzman M, Blumfield D, Ning JP. Acute chest pain in African Americans: factors in the delay in seeking
emergency care. Am J Public Health. 1994; 84:965-70.
28. Rowley JM, Mounser P, Harrison EA, Skene AM, Hampton JR. Management of myocardial infarction: implications for current policy derived
from the Nottingham Heart Attack Register. Br Heart J. 1992; 67:255-62.
29. Rawles JM, Haites NE. Patient and general practitioner delays in acute myocardial infarction. Br Med J (Clin Res Ed). 1988; 296:882-4.
30. Birkhead JS. Time delays in provision of thrombolytic treatment in six district hospitals. Joint Audit Committee of the British Cardiac Society
and a Cardiology Committee of Royal College of Physicians of London. BMJ. 1992; 305:445-7.
31. Bleeker JK, Simoons ML, Erdman RA, Leenders CM, Kruyssen HA, Lamers LM, et al. Patient and doctor delay in acute myocardial
infarction: a study in Rotterdam, the Netherlands. Br J Gen Pract. 1995; 45:181-4.
32. Hungerbuhler P, Wietlisbach V, Rickenbach M, Vogt P. Evolution du traitment de I'infarctus du myocarde en Suisse de 1986 a 1990: les
resultats d'une etude de population. [Developments in the treatment of myocardial infarction in Switzerland 1986-1990: results of a population
survey.] Schweiz Med Wochenschr. 1992; 122:1919-26.
33. Johnson JA, King KB. Influence of expectations about symptoms on delay in seeking treatment during a myocardial infarction. Am J Crit Care.
1995; 4:29-35.
34. Gurwitz JH, Col NF, Avorn J. The exclusion of the elderly and women from clinical trials in acute myocardial infarction. JAMA. 1992;
268:1417-22.
35. Kereiakes DJ, Weaver WD, Anderson JL, Feldman T, Gibler B, Aufderheide T, et al. Time delays in the diagnosis and treatment of acute
myocardial infarction: a tale of eight cities. Report from the Pre-hospital Study Group and the Cincinnati Heart Project. Am Heart J. 1990;
120:773-80.
36. National Heart Attack Coordinating Committee 60 Minutes to Treatment Working Group. Emergency Department: Rapid Identification and
Treatment of Patients with Acute Myocardial Infarction. Bethesda, MD: US Department of Health and Human Services, Public Health Service, National
Institutes of Health, National Heart, Lung, and Blood Institute; 1993. NIH publication no. 93-3278.
37. Meischke H, Ho MT, Eisenberg MS, Schaeffer SM, Larsen MP. Reasons patients with chest pain delay or do not call 911. Ann Emerg Med.







1995; 25:193-7.
38. Weaver WD. Time to thrombolytic therapy: factors affecting delay and their influence on outcome. J Am Coll Cardiol. 1995; 25(7 Suppl):3S-9S.


Related articles


Editorial:
Effective Reperfusion for Acute Myocardial Infarction Begins with Effective Health Policy
Thomas H. Lee
Ann Intern Med April 15, 1997 126:652-653;


Excerpt Full Text Full Text (PDF)


Articles citing this article


Time lag to hospitalisation and the associated determinants in patients with acute myocardial infarction: the Takashima
AMI Registry, Japan
Emerg. Med. J. October 28, 2010 0:emj.2009.087676v1-emj.2009.087676


Abstract Full Text


Part 9: Acute Coronary Syndromes: 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations
Circulation October 19, 2010 122:S422-S465


Full Text Full Text (PDF)


Age and Sex Differences in Duration of Prehospital Delay in Patients With Acute Myocardial Infarction: A Systematic
Review
Circ Cardiovasc Qual Outcomes January 1, 2010 3:82-92


Abstract Full Text Full Text (PDF)


A Randomized Clinical Trial to Reduce Patient Prehospital Delay to Treatment in Acute Coronary Syndrome
Circ Cardiovasc Qual Outcomes November 1, 2009 2:524-532


Abstract Full Text Full Text (PDF)


Response to Signs and Symptoms of Acute Coronary Syndrome: Differences Between Lebanese Men and Women
Am J Crit Care January 1, 2008 17:26-35


Abstract Full Text Full Text (PDF)


Acute Coronary Care in the Elderly, Part II: ST-Segment-Elevation Myocardial Infarction: A Scientific Statement for
Healthcare Professionals From the American Heart Association Council on Clinical Cardiology: In Collaboration With the
Society of Geriatric Cardiology
Circulation May 15, 2007 115:2570-2589


Abstract Full Text Full Text (PDF)


Delay in Seeking Health Care for Acute Coronary Syndromes in a Lebanese Sample
J Transcult Nurs October 1, 2006 17:341-348


Abstract Full Text (PDF)


Reducing Delay in Seeking Treatment by Patients With Acute Coronary Syndrome and Stroke: A Scientific Statement From
the American Heart Association Council on Cardiovascular Nursing and Stroke Council
Circulation July 11, 2006 114:168-182







Abstract Full Text Full Text (PDF)


Factors Associated With Prolonged Prehospital Delay of African Americans With Acute Myocardial Infarction
Am J Crit Care March 1, 2006 15:149-157


Abstract Full Text Full Text (PDF)


The Case for Community Hospital Angioplasty
Circulation November 29, 2005 112:3509-3534


Full Text Full Text (PDF)


Improving care for patients with acute coronary syndromes: initial results from the National Audit of Myocardial Infarction
Project (MINAP)
Heart September 1, 2004 90:1004-1009


Abstract Full Text Full Text (PDF)


Is the Medical Record an Accurate Reflection of Patients' Symptoms During Acute Myocardial Infarction?
West J Nurs Res August 1, 2004 26:547-560


Abstract Full Text (PDF)


Thrombolytics Are Not Contraindicated in the Very Old
Arch Intern Med October 14, 2002 162:2139-2140


Full Text Full Text (PDF)


Task force on the management of chest pain
Eur Heart J August 1, 2002 23:1153-1176


Full Text Full Text (PDF)


Secondary Prevention of Coronary Heart Disease in the Elderly (With Emphasis on Patients >=75 Years of Age): An
American Heart Association Scientific Statement From the Council on Clinical Cardiology Subcommittee on Exercise,
Cardiac Rehabilitation, and Prevention
Circulation April 9, 2002 105:1735-1743


Full Text Full Text (PDF)


Effectiveness of Thrombolytic Therapy for Acute Myocardial Infarction in the Elderly: Cause for Concern in the Old-Old
Arch Intern Med March 11, 2002 162:561-568


Abstract Full Text Full Text (PDF)


Unrecognized Myocardial Infarction
ANN INTERN MED November 6, 2001 135:801-811


Abstract Full Text Full Text (PDF)


Absence of gender differences in clinical outcomes in patients with cardiogenic shock complicating acute myocardial
infarction: A report from the SHOCK Trial Registry
J Am Coll Cardiol November 1, 2001 38:1395-1401


Abstract Full Text Full Text (PDF)


Symptom expectations and delay in acute myocardial infarction patients







Heart July 1, 2001 86:91-93


Full Text Full Text (PDF)


Risk of acute first myocardial infarction and use of nicotine patches in a general population
J Am Coll Cardiol April 1, 2001 37:1297-1302


Abstract Full Text Full Text (PDF)


Time to Presentation With Acute Myocardial Infarction in the Elderly : Associations With Race, Sex, and Socioeconomic
Characteristics
Circulation October 3, 2000 102:1651-1656


Abstract Full Text Full Text (PDF)


Influencing Care in Acute Myocardial Infarction: A Randomized Trial Comparing 2 Types of Intervention
American Journal of Medical Quality September 1, 2000 15:197-206


Abstract Full Text (PDF)


The ENACT study: a pan-European survey of acute coronary syndromes
Eur Heart J September 1, 2000 21:1440-1449


Abstract Full Text (PDF)


Treatment and outcomes of left bundle-branch block patients with myocardial infarction who present without chest pain
J Am Coll Cardiol September 1, 2000 36:706-712


Abstract Full Text Full Text (PDF)


Delay in calling for help during myocardial infarction: reasons for the delay and subsequent pattern of accessing care
Heart August 1, 2000 84:137-141


Abstract Full Text Full Text (PDF)


Incidence, recurrence, and case fatality rates for myocardial infarction in southwestern France, 1985 to 1993
Heart August 1, 2000 84:171-175


Abstract Full Text Full Text (PDF)


Duration of, and Temporal Trends (1994-1997) in, Prehospital Delay in Patients With Acute Myocardial Infarction: The
Second National Registry of Myocardial Infarction
Arch Intern Med October 11, 1999 159:2141-2147


Abstract Full Text Full Text (PDF)


Trends in the provision of thrombolytic treatment between 1993 and 1997
Heart October 1, 1999 82:438-442


Abstract Full Text Full Text (PDF)


Timeliness and Quality of Care for Elderly Patients With Acute Myocardial Infarction Under Health Maintenance
Organization vs Fee-for-Service Insurance
Arch Intern Med September 27, 1999 159:2013-2020


Abstract Full Text Full Text (PDF)







Effect of Local Medical Opinion Leaders on Quality of Care for Acute Myocardial Infarction: A Randomized Controlled Trial
JAMA May 6, 1998 279:1358-1363


Abstract Full Text Full Text (PDF)


Better Care and Better Outcomes: The Continuing Challenge
JAMA May 6, 1998 279:1392-1394


Full Text Full Text (PDF)


Coronary Thrombolysis for the Elderly: Is Clinical Practice Really Lagging Behind Evidence of Benefit?
JAMA June 4, 1997 277:1723-1724


Abstract Full Text (PDF)


Reducing Delay in Hospitalization for Acute MI
Journal Watch Cardiology May 19, 1997 1997:6


Full Text








www.elsevier.com/locate/ajem

Reviews


The prehospital 12-lead electrocardiogram’s effect on time
to initiation of reperfusion therapy: a systematic review
and meta-analysis of existing literature

Andrew Han Brainard MSI, MPHa, William Raynovich EdD (abd)b,*,
Dan Tandberg MDc, Edward J. Bedrick PhDd,e

aSchool of Medicine, University of New Mexico, Albuquerque, NM 87131, USA
bEMS Education, Creighton University, Omaha, NE 68131, USA
cDepartment of Emergency Medicine, University of New Mexico, Albuquerque, NM 87131, USA
dDepartment of Mathematics and Statistics, University of New Mexico, Albuquerque, NM 87131, USA
eDepartment of Internal Medicine, University of New Mexico, Albuquerque, NM 87131, USA

Abstract The prehospital electrocardiogram (ECG) is becoming the standard of care of suspected


cardiac chest pain. We evaluated the evidence regarding the prehospital ECG and sought to quantify the


reduction in time to reperfusion therapy attributable to the prehospital ECG. We conducted a systematic


review and analyzed studies that were conducted in emergency medical systems relevant to providers in


the United States. The papers were limited to studies that reported original data that compared


prehospital ECG to no prehospital ECG groups. Four studies containing 99 patients met the inclusion


criteria. A meta-analysis of these studies revealed a difference of 24.7 (95% confidence interval, 16.7-


32.7) minutes. Providers now have a quantified value of the prehospital ECG based on the best


published evidence. In addition, this search showed a relatively low quality and quantity of research on


the prehospital ECG.


D 2005 Elsevier Inc. All rights reserved.

1. Introduction


Several studies have shown that the prehospital 12-lead


electrocardiogram (ECG) is accurate in identifying patients


with acute myocardial infarction (AMI) and acute cardiac
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ischemia (ACI) [1-3]. Obtaining a prehospital ECG is


becoming the standard of care [4,5], and several emergency


medical service (EMS) practice guidelines recommend the


prehospital ECG [6]. Among many EMS providers, the


prehospital ECG is considered an important procedure that


improves patient care [7]. In our previous study, cardiolo-


gists and emergency physicians were shown to have positive


attitudes about the usefulness and benefits of the prehospital


ECG [8].


The American Heart Association gives the prehospital


ECG a class 1 recommendation [9]. However, most of the


data used to support this evidence-based recommendation


derive from studies that do not apply to the current system

American Journal of Emergency Medicine (2005) 23, 351–356
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of prehospital emergency care in the United States. For


example, much of the data in published studies were


generated in EMS systems that administered prehospital


fibinolytics, whereas other studies either provided no


original data, covered only theoretical time savings, reported


on very few patients, or reported on patients who were


admitted to services other than EDs. Finally, the only


reference that showed a difference in mortality used


historical cases as the control group.


The principal clinical benefit of the prehospital ECG is a


reduction in the time from the beginning of cardiac


symptoms to the initiation of inhospital reperfusion therapy.


This study sought to analyze and quantify the existing


research to determine if the prehospital ECG has reduced the


time to treatment.


This systematic review and embedded meta-analysis


were intended to locate all research in all languages that


compared cardiac reperfusion times of patients who


received a prehospital ECG with patients who did not


receive a prehospital ECG. The principal measure of effect


was the mean difference in minutes between control (no


prehospital ECG) and treatment (prehospital ECG) inhos-


pital reperfusion.

1921


Manual search through titles of
in-hospital reperfusion and
prehospital electrocardiography


615


72


83


11


10


4


Reading of abstracts for
general applicability


Read complete paper for
general inclusion criteria


Addition of
publications by
searching
through the
bibliographies of
papers


Conduct blinded evaluation of
study’s methodological quality


Removal of additional studies
for final inclusion criteria


Database Search of EMS and
Electrocardiography


Fig. 1 Flow chart of publication selection.

2. Methods


2.1. Search strategy


We conducted a search of multiple online databases in all


languages and then reviewed the relevant articles that we


found. After our preliminary search, we requested any gray


literature (unpublished articles) from several authors who had


published research related to the prehospital ECG. The


databases that we searched were Medline, 1966 to January


2004, the Cumulative Index to Nursing and Allied Health


Literature, 1982 to January 2004, the Cochrane Database


Systematic Review, ACP Journal Club, Database Abstracts


and Reviews of Effectiveness, and the Controlled Clinical


Trials Registry databases. We searched for all papers


containing the terms bEmergency Medical Technician,Q
bEmergency Medical Service,Q bPrehospital Care,Q bTrans-
portation of Patients,Q or bAmbulance.Q These papers were


combined with the papers containing the terms bCardiac
Ischemia,Q bChest Pain,Q bST Segment,Q bElectrodes,Q bMyo-


cardial Ischemia,Q bCoronary Care Nursing,Q bMyocardial


Infarction,Q bCoronary Disease,Q or bElectrocardiography,
Monitoring, Physiologic.Q


The abstracts of publications with titles suggesting


relevance to this study were reviewed. The abstracts were


then evaluated for both relevant study designs (including


both a treatment and a control group) and appropriate


outcome measurements (measurement of change of time


from onset of symptoms to initiation of reperfusion


therapy). These, in addition to a review of the bibliographies


and references of review articles about prehospital ECGs,

yielded additional studies that were missed in the original


literature search (Fig. 1). We obtained the full texts of all the


papers and gray reports that appeared to meet the inclusion


criteria, including translating one foreign-language paper.


2.2. Quality scoring


Ten papers that reported time savings of the prehospital


12-lead ECG were blinded to all identifying information


(author, institution, journal title, and study location). Two


nonauthor academic emergency medicine physicians then


scored the blinded papers. Each paper was graded for


quality based on 3 criteria: method of treatment assignment,


control of selection bias after treatment assignment, and


blinding of participants and investigators. These scores (0-3)


were added, yielding possible range of scores from 0 to 9 for


each paper [10]. Higher scores indicated higher quality. The


ranking scores were not used as criteria for exclusion. Only


4 of the 10 scored papers were ultimately found to meet the


inclusion criteria for the meta-analysis.


Finally, we included studies that reported original data


comparing mean times and variances from either reported
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initial onset of symptoms, 9-1-1 activation, or EMS arrival


to initiation of inhospital reperfusion therapy. We included


observational studies and other research that generated


original data. We only included studies that had a population


of patients who received a prehospital ECG and were


compared with a population of patients who received


standard EMS care that did not include a prehospital


ECG. We also included only those studies in systems where


prehospital patients were admitted to hospital EDs and were


not directly admitted to coronary care units or cardiovascu-


lar catheterization laboratories.


2.3. Data abstraction


First, we developed a protocol for data collection. Then,


2 authors abstracted the data. We gathered the data on title,


author, year, numbers of subjects, and times to reperfusion


in prehospital ECG and non-prehospital ECG groups, mean


time differences, and variances. There were no missing data,


and therefore, no substitute values or phantom calculations


were necessary.


2.4. Data synthesis


We calculated the difference in means (or medians, if no


means were available) between control and treatment groups


in minutes. In one of the papers [11], the SD was estimated


by using the interquartile range/1.35 [12].


Studies of higher quality, those with smaller variances,


and studies with more subjects were weighted more heavily


in calculation of effect size. Two methods of weighting were


used. The first method used the reciprocal of the sample

Table 1 Plot of results of studies by name, year, number of subjects


Included studies


Statistics


Study Aufderheide et al,


1994 [16]


Fost


199


No. of ECG subjects (N) 24 14


Average reperfusion time


for ECG group (min)


46 22


SD for ECG group 22 13.8


No. of ECG subjects (N) 16 12


Average reperfusion time


for no-ECG group (min)


65 51


SD for no-ECG group 29 50


Total no. of subjects in


study (N)


40 26


Difference in reperfusion


times


19 29


Quality


Method 1 0


Control 1 1


Blinding 1 1


Total quality score 3 2


Notes Abstract only Hist


cont

variance [13]. The second method used the quality score


multiplied by the reciprocal variance [14]. Confidence


intervals [CIs] were approximated using both equal and


unequal within-group variance assumptions. We analyzed


the data under both a fixed-effects and a random-effects


model. All statistical analyses were conducted in GAUSS


(Aptech Systems, Maple Valley, WA). There was inadequate


information to perform sensitivity or subgroup analyses or


to assess statistical heterogeneity. Institutional review board


approval was not necessary for this research project.

3. Results


3.1. Search results


The original search strategy yielded 2129 publications


with 1747 from Medline, 311 from Cumulative Index to


Nursing and Allied Health Literature, and 71 from the


Cochrane Evidence-Based Medicine Databases. From


these, 615 papers were selected for additional investigation


based on the relevance of their titles. The abstracts of


the 615 papers were read for relevance, and 72 of these


appeared to warrant complete retrieval and study. These


72 papers, in addition to several other topical expert


reviews, were examined for references and bibliographies


with other papers that may not have been identified in the


original database search. This added 11 additional pub-


lications for a total of 83 papers. In the final analysis, only


4 of the papers met all inclusion and exclusion criteria


[15-18] (Fig. 1).

, minutes saved, and quality


er et al,


4 [15]


Karagounis et al,
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Kereiakes et al,
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Individual systems measured prehospital start times


differently, but the methodologies for including these


studies were internally consistent and used the same


measurement markers for start times in both the treatment


and control groups. Scores for the studies ranged from 2 to


5 of a maximum of 9 (Table 1).


3.2. Time Saved with the Prehospital ECG


Four studies [11,15-17], with a total of 99 patients, were


included in the final analysis. Fifty-four patients had a


prehospital ECG, and 45 patients did not receive a prehospital


ECG. We found a difference of 24.7 (95% CI, 16.7-32.7)


minutes in time to reperfusion therapy between the treatment


and control groups. The mean average unweighted time to


reperfusion was 36.5 (95% CI, 32.4-40.6) minutes. For the


patients who did not receive a prehospital ECG, the average


time to reperfusion was 58.5 (95% CI, 56.1-60.9) minutes.


This was an average unweighted difference of 22 (95% CI,


20.04-24.0) minutes.


3.3. Quality scoring


The average quality score was 3.25 (95% CI 1.83-4.67


on a scale of 0 to 9, with 9 being the highest quality). The


results of scoring the papers by 2 different weighting


methods, one based on the variance of the time difference to


reperfusion and one based on the variance of the time


difference to reperfusion times the quality scores, produced


similar results (calculations not shown). We also analyzed


the data using both a fixed-effects model and a random-


effects model, and these produced identical results.

Meta-Analysis


Karagounis et al,
1990 [17]


Kerieakes et al,
1992 [11]


Aufderheide et al,
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Foster et al,
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0


10


20


30


40


50


60


Name and Year of Study (ref#)


M
in


ut
es


 S
av


ed
 b


y 
Pr


eh
os


pi
ta


l 1
2-


L
ea


d 
E


C
G


Quality
Score: 32 3 5


19min 20min


29min
24.7min


20min


Fig. 2 Results of included studies by minutes saved, number of


subjects, and quality score. x-Axis is the study name and year.


y-Axis and label (min) show the number ofminutes saved by 12-lead


ECG. (The error bars are the 95% CIs of minutes saved.) Circle size


shows the relative number of patients in the individual study. The


darker the circle, the higher the quality score of the study. Circle


shading and quality score label indicate the relative quality of the


study; the last circle is the cumulative results of the meta-analysis.

There was inadequate information to perform statistical


sensitivity and specificity tests, and there were too few


subjects to allow for subgroup analyses (Fig. 2).

4. Discussion


We found that the best evidence, when combined,


indicates that there is a 24.7-minute reduction in the time


to inhospital reperfusion intervention associated with the


prehospital ECG. However, with strict inclusion and


exclusion criteria based on like-systems and comparable


methodologies, there are only 4 published papers with a


total of 99 patients. Thus, the evidence of the clinical


benefits of the prehospital ECG is relatively weak.


The prehospital ECG likely reduces reperfusion times


through several mechanisms. A prehospital ECG that is


positive for AMI or ACI may spur a quicker prehospital


transport and prompt a quicker inhospital ECG interpreta-


tion. The prehospital ECG may also help paramedics triage


patients toward hospitals that are more capable of initiating


reperfusion therapies. There are also anecdotal case reports


of the prehospital ECG identifying an AMI in patients who


would likely been undetectable in the hospital [19,20]. Each


of these may shorten hospital diagnostic times and therefore


lead to earlier cardiology notification and initiation of


reperfusion therapy.


The prehospital ECG could theoretically lengthen reper-


fusion times in urban systems with short transport times and


rapid hospital diagnostic capabilities. This effect could


occur as a result of a longer on-scene time required to


perform the ECG. However, in most urban hospitals, where


the shortest prehospital transport times are occurring, there


are typically prolonged times to the initial inhospital


diagnostic ECG and interpretation because of hospital


overcrowding and stressed cardiovascular resources [21].


Thus, even in systems with rapid prehospital transport


times, the prehospital ECG likely shortens reperfusion times


because the time to diagnosis and interpretation is frequently


a greater factor in time to reperfusion than the prehospital


transport time. However, some authors have suggested that


the prehospital ECG is most beneficial in systems with


prolonged time to reperfusion [3].These remain questions


for future research.


We performed this study, although several systematic


reviews of the benefits of the prehospital ECG had been


published. These systematic reviews, however, tend to give


equal weight to retrospective correlation studies and


prospective, randomized, clinical trials. Moreover, the


published systematic reviews include studies of unlike


systems and methodologies.


A systematic review by Brown and Galloway [3]


identified 8 studies and qualitatively concluded that the


prehospital ECG reduced the time to reperfusion. However,


they did not quantify the time savings. A recent systematic


review by Lau et al [1] and a meta-analysis by Ioannidis et al
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[2] of the diagnostic capabilities of the prehospital ECG


indicated that the device accurately detected AMI and ACI.


However, they did not analyze an effect on reperfusion time.


Both of these studies included papers with systems of care


that are substantially different from prehospital systems that


do not administer prehospital thrombolytics and also do not


admit patients directly to a coronary care unit or cardiovas-


cular catheterization laboratory.


Although the literature both supports the accuracy of the


prehospital ECG and indicates that there are some time


savings associated with the diagnostic procedure, the


clinical benefit of this device is unclear. The small


reductions in time to reperfusion associated with the


prehospital ECG must be viewed in the context of the total


time delay from onset of symptoms to the initiation of


reperfusion therapy. Published reports indicate that the


majority of EMS patients with an AMI do not present to


the hospital until more than 2 hours after the onset of


symptoms [22]. This fact, in addition to the subsequent


inhospital delay, indicates the need for further research on


the absolute survival advantage of a 24.7-minute reduction


in time to reperfusion.


There were several limitations to this study, one being the


dependency on previously published reports using different


methodologies and another being the differences in the EMS


systems. This study has inherited the biases, limitations, and


flaws of these previously published reports. The small


number of included studies (4) and limited number of


patients (99) are a major limitation.


All of the studies were conducted at a period when the


prehospital ECG was being introduced. Thus, a bHawthorne
effectQ may have influenced the times to treatment [18].


None of the studies adequately took the possibility of this


effect into consideration in their methodologies or analyses.


The age of some of the research is also a limitation because


the prehospital environment has changed in recent years


since some of the research was conducted.


During the period where the prehospital ECG was being


introduced, there were also large-scale systemic changes


taking place in the way AMI and ACI patients were being


managed throughout the medical system. These could also


have resulted in a general trend toward getting chest pain


patients to treatment more quickly regardless of changes in


prehospital diagnostic procedures like the prehospital ECG.


Researches that showed positive results in reducing times


to reperfusion therapies were more likely to be submitted


and accepted for publication. There was also likely to be a


publication bias in this field of research because equipment


manufacturers funded much of EMS research on the


prehospital 12-lead ECG. We attempted to negate the effects


of this potential bias through searching for unpublished,


gray, and foreign literature.


One final limitation is that our results are valid only in


EMS systems that do not administer prehospital thrombo-


lytics and admit patients with chest pain only to EDs. The


utility of prehospital administration of thrombolytics is still

debated in the literature [23,24]. Several recent studies have


shown that the clinical risks and benefits of prehospital


reperfusion are similar to those of hospital reperfusion


therapy [25,26]. This paper may help to inform this debate,


but it offers the greatest utility to systems operating without


prehospital thrombolytics.

5. Conclusion


This meta-analysis provides the best-evidence determi-


nation of reduced time to reperfusion in AMI and ACI


associated with the prehospital ECG. It has a number of


implications for clinical care and future research. The time


savings of the prehospital ECG in reducing time to


reperfusion therapy for patients with ACI/AMI of approx-


imately 25 minutes can now be used to estimate numbers of


lives saved, benefits in quality life-years, reduction in


morbidity, cost reductions, more efficient allocation of


resources, and better prehospital care. Clinicians, adminis-


trators, and policy makers now have a substantiated


quantified time-benefit to assist them in determining whether


to support the purchase and use of the prehospital ECG.
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bstract


he American College of Cardiology Foundation (ACCF),
long with key specialty and subspecialty societies, con-
ucted an appropriate use review of common clinical sce-
arios where cardiac computed tomography (CCT) is fre-
uently considered. The present document is an update to
he original CCT/cardiac magnetic resonance (CMR) ap-
ropriateness criteria published in 2006, written to reflect
hanges in test utilization, to incorporate new clinical data,
nd to clarify CCT use where omissions or lack of clarity
xisted in the original criteria (1).


The indications for this review were drawn from common
pplications or anticipated uses, as well as from current
linical practice guidelines. Ninety-three clinical scenarios
ere developed by a writing group and scored by a separate


echnical panel on a scale of 1 to 9 to designate appropriate
se, inappropriate use, or uncertain use.
In general, use of CCT angiography for diagnosis and


isk assessment in patients with low or intermediate risk or


retest probability for coronary artery disease (CAD) was
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iewed favorably, whereas testing in high-risk patients,
outine repeat testing, and general screening in certain clinical
cenarios were viewed less favorably. Use of noncontrast
omputed tomography (CT) for calcium scoring was rated as
ppropriate within intermediate- and selected low-risk pa-
ients. Appropriate applications of CCT are also within the
ategory of cardiac structural and functional evaluation. It is
nticipated that these results will have an impact on physician
ecision making, performance, and reimbursement policy, and
hat they will help guide future research.


reface


n an effort to respond to the need for the rational use of
maging services in the delivery of high-quality care, the
CCF has undertaken a process to determine the appro-
riate use of cardiovascular imaging for selected patient
ndications.


Appropriate use criteria publications reflect an ongoing
ffort by the ACCF to critically and systematically create,
eview, and categorize clinical situations where diagnostic
ests and procedures are utilized by physicians caring for
atients with cardiovascular diseases. The process is based
n current understanding of the technical capabilities of the
maging modalities examined. Although not intended to be
ntirely comprehensive, the indications are meant to iden-
ify common scenarios encompassing the majority of con-
emporary practice. Given the breadth of information they
onvey, the indications do not directly correspond to the
inth revision of the International Classification of Diseases
ICD-9) system as these codes do not include clinical
nformation, such as symptom status.


The ACCF believes that careful blending of a broad
ange of clinical experiences and available evidence-based
nformation will help guide a more efficient and equitable
llocation of healthcare resources in cardiovascular imaging.
he ultimate objective of appropriate use criteria is to


mprove patient care and health outcomes in a cost-effective
anner but is not intended to ignore ambiguity and nuance


ntrinsic to clinical decision making. Local parameters, such
s the availability or quality of equipment or personnel, may
nfluence the selection of appropriate imaging procedures.
ppropriate use criteria thus should not be considered substi-


utes for sound clinical judgment and practice experience.
The ACCF appropriate use criteria process itself is also


volving. In the current iteration, technical panel members
ere asked to rate indications for CCT in a manner


ndependent and irrespective of the prior published ACCF
atings for CCT and CMR (1) as well as the prior ACCF
atings for similar diagnostic stress imaging modalities such
s cardiac radionuclide imaging (2) or stress echocardiogra-
hy (3) (see Appendix A for the definitions of terms used
hroughout the indication set). Given the iterative nature of
he process, readers are counseled not to compare too closely


ndividual appropriate use ratings among modalities rated at p


 by Becontent.onlinejacc.orgDownloaded from 

ifferent times over the past 2 years. A comparative evalu-
tion of the appropriate use of multiple imaging techniques
s currently being undertaken to assess the relative strengths
f each modality for various clinical scenarios.
We are grateful to the technical panel, a professional


roup with a wide range of skills and insights, for their
houghtful and thorough deliberation of the merits of CCT
or various indications. In addition to our thanks to the
echnical panel for their dedicated work and review, we
ould like to offer special thanks to the many individuals
ho provided a careful review of the draft indications; to
eggy Christiansen, the ACCF librarian for her compre-
ensive literature searches; to Lindsey Law, Starr Webb,
nd Joseph M. Allen, who continually drove the process
orward; and to Allen J. Taylor, MD, the chair of the writing
ommittee for his dedication, insight, and leadership.


Christopher M. Kramer, MD, FACC, FAHA
Moderator, Cardiac Computed Tomography Technical Panel


Michael J. Wolk, MD, MACC
Chair, Appropriate Use Criteria Task Force


. Introduction


his report addresses the appropriate use of CCT. Improve-
ents in cardiovascular imaging technology and their ap-


lication, coupled with increasing therapeutic options for
ardiovascular disease, have led to an increase in cardiovas-
ular imaging. At the same time, the armamentarium of
oninvasive diagnostic tools has expanded with innovations


n new contrast agents, molecular radionuclide imaging,
erfusion echocardiography, computed tomography for cor-
nary angiography and calcium scoring, and magnetic res-
nance imaging for myocardial structure and viability. As
he field of CCT continues to advance along with other
maging modalities, the healthcare community needs to
nderstand how to best incorporate this technology into
aily clinical care.
All prior appropriate use criteria publications from the


CCF and collaborating organizations have reflected an
ngoing effort to critically and systematically create, review,
nd categorize the appropriate use of certain cardiovascular
iagnostic tests. The ACCF recognizes the importance of
evising these criteria in a timely manner in order to provide
he cardiovascular community with the most accurate indi-
ations. The present document is the second update to an
xisting appropriate use criteria document, the “ACCF/
CR/SCCT/SCMR/ASNC/SCAI/SIR Appropriateness
riteria for Cardiac Computed Tomography and Cardiac
agnetic Resonance Imaging,” published in 2006 (1).
linicians, payers, and patients are interested in the specific
enefits of CCT. Of importance, inappropriate use of CCT
ay be potentially harmful to patients and generate unwar-


anted costs to the health care system, whereas appropriate


rocedures should likely improve patients’ clinical outcomes.
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his is a critical shift because the intent is for the potential
enefits and risks of the treatment to be explicitly consid-
red, rather than the potential usefulness of a diagnostic test
s a prelude to further treatment. This document presents
he results of this effort, but it is critical to understand the
ackground and scope of this document before interpreting
he rating tables.


. Methods


he indications included in this review are purposefully
road, and they comprise a wide array of cardiovascular
igns and symptoms as well as clinical judgment as to the
ikelihood of cardiovascular findings.


Further description of the methods used for ranking of
he selected clinical indications is outlined in Appendix B
nd is also found more generally in a previous publication,
ACCF Proposed Method for Evaluating the Appropriate-
ess of Cardiovascular Imaging” (4). Briefly, this process
ombines evidence-based medicine and practice experience
y engaging a technical panel in a modified Delphi exercise.
ecause the original CCT/CMR criteria document and
ethods paper was published, several important processes


ave been put in place to further enhance this process. They
nclude convening a formal writing committee with diverse
xpertise in imaging, circulating the indications for external
eview prior to rating by the technical panel, ensuring
ppropriate balance of the technical panel, a standardized
ating package, and creating formal roles for facilitating
anel interaction at the face-to-face meeting.
The panel first rated indications independently. In rating


hese criteria, the Cardiac Computed Tomography Appro-
riate Use Criteria Technical Panel was asked to assess
hether the use of the test for each indication is appropri-


te, uncertain, or inappropriate as defined in the following
ext.


An appropriate imaging study is one in which the expected
ncremental information, combined with clinical judgment,
xceeds the expected negative consequences* by a sufficiently
ide margin for a specific indication that the procedure is


enerally considered acceptable care and a reasonable ap-
roach for the indication.
The technical panel scores each indication as follows:


Score 7 to 9
Appropriate test for specific indication (test is generally


acceptable and is a reasonable approach for the
indication).


Score 4 to 6
Uncertain for specific indication (test may be generally


acceptable and may be a reasonable approach for the
indication). (Uncertainty also implies that more re-


Negative consequences include the risks of the procedure (radiation or contrast

e
xposure) and the downstream impact of poor test performance such as delay in
iagnosis (false negatives) or inappropriate diagnosis (false positives).
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search and/or patient information is needed to classify
the indication definitively.)


Score 1 to 3
Inappropriate test for specific indication (test is not


generally acceptable and is not a reasonable approach
for the indication).


Then the panel was convened for a face-to-face meeting
or discussion of each indication. At this meeting, panel
embers were provided with their scores and a blinded


ummary of their peers’ scores. After the consensus meeting,
anel members were then asked to independently provide
heir final scores for each indication. Following the second
ound ratings, a supplemental rating process was conducted
or a revised set of criteria for preoperative testing (31 to 38)
nd the clinical scenario of prior revascularization (40 to 41).
lthough these categories had been considered within the
riginal 2 rounds of rating, the clinical scenarios were
ewritten to more closely mirror prior documents, and the
alloting was repeated.
The contributors acknowledge that the division of these


cores into 3 categories of appropriate use is somewhat
rbitrary and that the numeric designations should be
iewed as a continuum. The contributors also recognize
iversity in clinical opinion for particular clinical scenarios.
cores in the intermediate level of appropriate use should
herefore be labeled uncertain, as critical patient or research
ata may be lacking or discordant. This designation should
e a prompt to the field to carry out definitive research,
henever possible. It is anticipated that the appropriate use


riteria reports will require updates as further data are
enerated and information from the implementation of the
riteria is accumulated.


To avoid bias in the scoring process, the technical panel
eliberately was not comprised solely of specialists in the
articular procedure under evaluation. Specialists, while
ffering important clinical and technical insights, might
ave a natural tendency to rate the indications within their
pecialty as more appropriate than nonspecialists. In addi-
ion, care was taken in providing objective, nonbiased
nformation, including guidelines and key references, to the
echnical panel. Panel members were not provided explicit
ost information to help determine their appropriate use
atings, but they were asked to implicitly consider cost as an
dditional factor in their evaluation of appropriate use.


The level of agreement among panel members, as defined
y RAND (5), was analyzed for each indication based on
he BIOMED rule for a panel of 14 to 16 (a simplified
AND method for determining disagreement). Per the
IOMED definition, agreement was defined as an indica-


ion where 4 or fewer panel members ratings fell outside the
-point region containing the median score. Disagreement
as defined as a situation where at least 5 panel members


atings fell in both the appropriate and the inappropriate
ategories. Because the panel had 17 representatives, which


xceeded the 16 addressed in this rule, an additional level of
njamin Steinberg on November 27, 2010 
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greement analysis as described by RAND was performed
hat examines the interpercentile range (IPR) compared
ith the interpercentile range adjusted for symmetry


IPRAS). This information was used by the moderator to
uide the panel’s discussion by highlighting areas of differ-
nces among the panel members. There was also a third
ategory for indications that were not classified in either the
greement or disagreement categories. Any indication hav-
ng disagreement was categorized as uncertain regardless of
he final median score. Indications that met neither defini-
ion for agreement or disagreement are in a third, unlabeled,
ategory.


. General Assumptions


ll indications were considered with the following impor-
ant assumptions for CCT:


. CCT is performed in accordance with best practice
standards as delineated in the imaging guidelines of the
Society of Cardiovascular Computed Tomography (6,7),
by competent (8) and appropriately credentialed physi-
cians. This includes the optimization of the scan protocol
to limit radiation exposure.


. CCT imaging equipment is available that has the min-
imal technical capabilities required for the indication.
Typical technical parameters for studies performed on
multi-detector row scanners include CT equipment en-
abling 64 or more slices, submillimeter spatial resolution,
and gantry rotation time no greater than 420 millisec-
onds. Appropriate computer software must be available
for image analysis.


. Patients are optimally suited for CCT under the follow-
ing conditions:
a. Regular heart rate and rhythm including a heart rate


at a level commensurate with the temporal resolution
of the available scanner.


b. Body mass index below 40 kg/m2.
c. Normal renal function.


. For CT angiography, patient requirements may include
the ability to:
a. Hold still and follow breathing instructions.
b. Tolerate beta blockers.
c. Tolerate sublingual nitroglycerin.
d. Lift both arms above the shoulders.


. All indications for CCT were considered with the
following important assumptions:
a. All indications should first be evaluated based on the


available medical literature.
b. In many cases, studies published in the medical


literature are reflections of the capabilities and limi-
tations of the test but provide minimal information
about the role of the test in clinical decision making.


c. Appropriate use criteria development requires deter-


mination of a reasonable course of action for clinical
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decision making based on a risk/benefit trade-off as
determined by individual patient indications.


. For all stress imaging referenced in the indications, the
mode of stress testing was assumed to be exercise for
patients able to exercise. For patients unable to exercise,
pharmacological stress testing was assumed to be used.
Further background on the rationale for the assumption
of exercise testing is available in the ACC/AHA 2002
Guideline Update for Exercise Testing (9).


. Definitions


complete set of definitions of terms used throughout the
ndication set is listed in Appendix A. These definitions
ere provided and discussed with the technical panel prior


o ratings of indications.
schemic Equivalent Chest Pain Syndrome, Anginal
quivalent, or Ischemic Electrocardiographic Abnor-
alities: Any constellation of clinical findings that is


linically judged to be consistent with obstructive CAD.
xamples of such findings include, but are not limited to,


hest pain, chest tightness, burning, shoulder pain, jaw pain,
nd new electrocardiographic abnormalities suggestive of
schemic heart disease. Nonchest pain symptoms, such as
yspnea or worsening effort tolerance that are felt to be
onsistent with CAD may also be considered to be an
nginal equivalent.


etermining Pretest Risk Assessment for
isk Stratification


oronary Heart Disease (CHD) Risk in Asymptomatic
atients: Estimation of CHD risk applied to asymptom-
tic patients without known CHD. It is assumed that
linicians will use CCT studies in addition to standard
ethods of risk assessment as presented in the National
eart, Lung, and Blood Institute report (10) on “Detec-


ion, Evaluation, and Treatment of High Blood Choles-
erol in Adults (Adult Treatment Panel III [ATP III]).”


Absolute risk is defined as the probability of developing
HD, including myocardial infarction or CHD death over
given time period. The ATP III report specifies absolute


isk for CHD over the next 10 years. CHD risk refers to
0-year risk for any hard cardiac event. However, in
cknowledgment that global absolute risk scores may be
iscalibrated to certain populations (e.g., women, younger
en), clinical judgment must be applied in selecting cate-


orical risk thresholds.


• CHD Risk—Low
Defined by the age-specific risk level that is below
average. In general, low risk will correlate with a
10-year absolute CHD risk �10%.


• CHD Risk—Intermediate
Defined by the age-specific risk level that is average or


above average. In general, moderate risk will correlate


njamin Steinberg on November 27, 2010 
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with a 10-year absolute CHD risk between 10% to
20%. Among women and younger men, an expanded
intermediate risk range of 6% to 20% may be appro-
priate.


• CHD Risk—High
Defined as the presence of diabetes mellitus in a
patient �40 years of age, peripheral arterial disease or
other coronary risk equivalents, or the 10-year absolute
CHD risk of �20%.


retest Probability of Obstructive/Significant CAD for
ymptomatic (Ischemic Equivalent) Patients: Once the
hysician determines the presence of symptoms that may
epresent obstructive CAD (ischemic equivalent present),
he pretest probability of CAD should be assessed. There
re a number of risk algorithms (11,12) available that can be
sed to calculate this probability. Clinicians should become
amiliar with those that pertain to the populations they
ncounter most often. In scoring the indications, the fol-
owing probabilities as calculated from any of the various
vailable algorithms should be applied:


• Low pretest probability: �10% pretest probability of
CAD.


• Intermediate pretest probability: Between 10% and
90% pretest probability of CAD.


• High pretest probability: �90% pretest probability of
CAD.


The method recommended by the ACC/AHA Guide-
ines for Chronic Stable Angina (13) is provided in the
ollowing text as 1 example of a method used to calculate
retest probability and is a modification of a previously
ublished literature review (14). Please refer to definitions of
ngina and Table A. Please note that the table only predicts
retest probability in patients based upon presenting symp-
oms, age, and sex. Additional history and electrocardio-
raphic evidence of prior infarction dramatically affect
retest probability. Although they are not incorporated into
he algorithm, cardiovascular risk factors, discussed in risk
ssessment indications, may also affect pretest likelihood of
AD. Detailed normograms are available that incorporate


able A. Pretest Probability of CAD by Age, Sex, and Symptom


Age Sex
Typical/Definite
Angina Pectoris


�39 Men Intermediate


Women Intermediate


40–49 Men High


Women Intermediate


50–59 Men High


Women Intermediate


�60 Men High


Women High


igh: �90% pretest probability; intermediate: between 10% and 90% pretest probability; low: b
Modified from Gibbons et al. (9) to reflect all age ranges.

he effects of a history of prior infarction, electrocardio- r
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raphic Q waves, electrocardiographic ST- and T-wave
hanges, diabetes, smoking, and hypercholesterolemia (9).


. Abbreviations


CS � acute coronary syndrome
ABG � coronary artery bypass grafting surgery
AD � coronary artery disease
CS � coronary calcium score
HD � coronary heart disease
T � computed tomography
TA � computed tomographic angiography
CG � electrocardiogram
F � heart failure
ET � estimated metabolic equivalent of exercise
I � myocardial infarction


CI � percutaneous coronary intervention


. Results of Ratings


he final ratings for CCT (Tables 1 to 7) are listed by
ndication sequentially as obtained from second round
ating sheets submitted by each panel member. The final
core reflects the median score of the 17 panel members and
as been labeled according to the 3 appropriate use catego-
ies of appropriate, uncertain, and inappropriate. Tables 8 to
0 present the indications by these categories. Algorithm
igures 1 to 10 describe the application of criteria as
resented in these tables.
A majority of ratings were in agreement as defined in the


receding text, including 66% of appropriate and 55% of
nappropriate indications. In contrast, only 7% of indica-
ions rated as uncertain showed agreement, indicating
reater diversity of opinion on these indications. Only 2 of
he 93 indications (Indications 1 [low] and 15 [low], both of
hich were rated as uncertain), were statistically classified as
eing in disagreement. Because these indications were
lready placed in the uncertain category, no changes were


ypical/Probable
ngina Pectoris


Nonanginal
Chest Pain Asymptomatic


Intermediate Low Very low


Very low Very low Very low


Intermediate Intermediate Low


Low Very low Very low


Intermediate Intermediate Low


Intermediate Low Very low


Intermediate Intermediate Low


Intermediate Intermediate Low


5% and 10% pretest probability; and very low: �5% pretest probability.

s


At
A


equired to reflect disagreement.
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. Cardiac Computed Tomography Appropriate Use Criteria (By Indication)


able 1. Detection of CAD in Symptomatic Patients Without Known Heart Disease*


Indication Appropriate Use Score (1–9)


Nonacute Symptoms Possibly Representing an Ischemic Equivalent


Pretest Probability of CAD Low Intermediate High


1. ● ECG interpretable AND
● Able to exercise


U (5) A (7) I (3)


2. ● ECG uninterpretable OR
● Unable to exercise


A (7) A (8) U (4)


Acute Symptoms With Suspicion of ACS (Urgent Presentation)


3. ● Definite MI I (1)


4. ● Persistent ECG ST-segment elevation following exclusion of MI U (6)


5. ● Acute chest pain of uncertain cause (differential diagnosis includes pulmonary
embolism, aortic dissection, and ACS [“triple rule out”])


U (6)


Pretest Probability of CAD Low Intermediate High


6. ● Normal ECG and cardiac biomarkers A (7) A (7) U (4)


7. ● ECG uninterpretable A (7) A (7) U (4)


8. ● Nondiagnostic ECG OR
● Equivocal cardiac biomarkers


A (7) A (7) U (4)


Note: All indications are for CTA unless otherwise noted.
A indicates appropriate; I, inappropriate; and U, uncertain.


able 2. Detection of CAD/Risk Assessment in Asymptomatic Patients Without Known CAD


Indication Appropriate Use Score (1–9)


Noncontrast CT for CCS


Global CHD Risk Estimate Low Intermediate High


9. ● Family history of premature CHD A (7)


10. ● Asymptomatic
● No known CAD


I (2) A (7) U (4)


Coronary CTA


Global CHD Risk Estimate Low Intermediate High


11. ● Asymptomatic
● No known CAD


I (2) I (2) U (4)


Coronary CTA Following Heart Transplantation


12. ● Routine evaluation of coronary arteries U (6)


indicates appropriate; I, inappropriate; and U, uncertain.


able 3. Detection of CAD in Other Clinical Scenarios


Indication Appropriate Use Score (1–9)


New-Onset or Newly Diagnosed Clinical HF and No Prior CAD


Pretest Probability of CAD Low Intermediate High


13. ● Reduced left ventricular ejection fraction A (7) A (7) U (4)


14. ● Normal left ventricular ejection fraction U (5) U (5) U (4)


Preoperative Coronary Assessment Prior to Noncoronary Cardiac Surgery


Pretest Probability of CAD Low Intermediate High


15. ● Coronary evaluation before noncoronary cardiac surgery U (6) A (7) I (3)


Arrhythmias—Etiology Unclear After Initial Evaluation


16. ● New-onset atrial fibrillation (atrial fibrillation is underlying rhythm during imaging) I (2)


17. ● Nonsustained ventricular tachycardia U (6)


18. ● Syncope U (4)


Elevated Troponin of Uncertain Clinical Significance


19. ● Elevated troponin without additional evidence of ACS or symptoms suggestive of CAD U (6)

indicates appropriate; I, inappropriate; and U, uncertain.
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able 4. Use of CTA in the Setting of Prior Test Results


Indication Appropriate Use Score (1–9)


Prior ECG Exercise Testing
20. ● Prior normal ECG exercise test


● Continued symptoms
A (7)


Duke Treadmill Score—Risk Findings Low Intermediate High


21. ● Prior ECG exercise testing I (2) A (7) I (3)


Sequential Testing After Stress Imaging Procedures


22. ● Discordant ECG exercise and imaging results A (8)


Test Result/Ischemia Equivocal Mild
Moderate
or Severe


23. ● Prior stress imaging procedure A (8) U (6) I (2)


Prior CCS


24. ● Zero CCS �5 y ago U (4)


25. ● Positive CCS �2 y ago I (2)


CCS <100 100–400 401–1000 >1000


26. Diagnostic impact of coronary calcium on the decision
to perform contrast CTA in symptomatic patients


A (8) A (8) U (6) U (4)


Asymptomatic OR Stable Symptoms
Periodic Repeat Testing in the Setting of Prior Stress Imaging or Prior Coronary Angiography


Last Study Done <2 y Ago >2 y Ago


27. ● No known CAD I (2) I (3)


28. ● Known CAD I (2) I (3)


Evaluation of New or Worsening Symptoms in the Setting of Past Stress Imaging Study


Previous Stress Imaging Study Normal Abnormal


29. ● Evaluation of new or worsening symptoms A (8) U (6)

indicates appropriate; I, inappropriate; and U, uncertain.

able 5. Risk Assessment Preoperative Evaluation of Noncardiac Surgery Without Active Cardiac Conditions


Indication
Appropriate Use


Score (1–9)


Low-Risk Surgery


30. ● Preoperative evaluation for noncardiac surgery risk assessment, irrespective of functional capacity I (1)


Intermediate-Risk Surgery


31. ● No clinical risk predictors I (2)


32. ● Functional capacity �4 METs I (2)


33. ● Functional capacity �4 METs with 1 or more clinical risk predictors U (5)


34. ● Asymptomatic �1 y following a normal coronary angiogram, stress test, or a coronary revascularization
procedure


I (1)


Vascular Surgery


35. ● No clinical risk predictors I (2)


36. ● Functional capacity �4 METs I (2)


37. ● Functional capacity �4 METs with 1 or more clinical risk predictors U (6)


38. ● Asymptomatic �1 y following a normal coronary angiogram, stress test, or a coronary revascularization
procedure


I (2)

indicates appropriate; I, inappropriate; and U, uncertain.
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able 6. Risk Assessment Postrevascularization (PCI or CABG)


Indication
Appropriate Use Score


(1–9)


Symptomatic (Ischemic Equivalent)


39. ● Evaluation of graft patency after CABG A (8)


40. ● Prior coronary stent with stent diameter �3 mm or not known I (3)


41. ● Prior coronary stent with stent diameter �3 mm U (6)


Asymptomatic—CABG


Time Since CABG <5 y Ago >5 y Ago


42. ● Prior CABG I (2) U (5)


Asymptomatic—Prior Coronary Stenting


43. ● Prior left main coronary stent
● Stent diameter �3 mm


A (7)


Time Since PCI <2 y >2 y


44. ● Stent diameter �3 mm or not known I (2) I (2)


45. ● Stent diameter �3 mm I (3) U (4)

indicates appropriate; I, inappropriate; and U, uncertain.

able 7. Evaluation of Cardiac Structure and Function


Indication
Appropriate Use


Score (1–9)


Adult Congenital Heart Disease
46. ● Assessment of anomalies of coronary arterial and other thoracic arteriovenous vessels A (9)


47. ● Assessment of complex adult congenital heart disease A (8)


Evaluation of Ventricular Morphology and Systolic Function


48. ● Initial evaluation of left ventricular function
● Following acute MI or in HF patients


I (2)


49. ● Evaluation of left ventricular function
● Following acute MI or in HF patients
● Inadequate images from other noninvasive methods


A (7)


50. ● Quantitative evaluation of right ventricular function A (7)


51. ● Assessment of right ventricular morphology
● Suspected arrhythmogenic right ventricular dysplasia


A (7)


52. ● Assessment of myocardial viability
● Prior to myocardial revascularization for ischemic left ventricular systolic dysfunction
● Other imaging modalities are inadequate or contraindicated


U (5)


Evaluation of Intra- and Extracardiac Structures


53. ● Characterization of native cardiac valves
● Suspected clinically significant valvular dysfunction
● Inadequate images from other noninvasive methods


A (8)


54. ● Characterization of prosthetic cardiac valves
● Suspected clinically significant valvular dysfunction
● Inadequate images from other noninvasive methods


A (8)


55. ● Initial evaluation of cardiac mass (suspected tumor or thrombus) I (3)


56. ● Evaluation of cardiac mass (suspected tumor or thrombus)
● Inadequate images from other noninvasive methods


A (8)


57. ● Evaluation of pericardial anatomy A (8)


58. ● Evaluation of pulmonary vein anatomy
● Prior to radiofrequency ablation for atrial fibrillation


A (8)


59. ● Noninvasive coronary vein mapping
● Prior to placement of biventricular pacemaker


A (8)


60. ● Localization of coronary bypass grafts and other retrosternal anatomy
● Prior to reoperative chest or cardiac surgery


A (8)

indicates appropriate; I, inappropriate; and U, uncertain.
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. Cardiac Computed Tomography Appropriate Use Criteria (By Appropriate Use Criteria)

able 8. Appropriate Indications (Median Score 7–9)


Indication
Appropriate Use


Score (1–9)


Detection of CAD in Symptomatic Patients Without Known Heart Disease
Symptomatic—Nonacute Symptoms Possibly Representing an Ischemic Equivalent


1. ● ECG interpretable AND
● Able to exercise
● Intermediate pretest probability of CAD


A (7)


2. ● ECG uninterpretable or unable to exercise
● Low pretest probability of CAD


A (7)


2. ● ECG uninterpretable or unable to exercise
● Intermediate pretest probability of CAD


A (8)


Detection of CAD in Symptomatic Patients Without Known Heart Disease
Symptomatic—Acute Symptoms With Suspicion of ACS (Urgent Presentation)


6. ● Normal ECG and cardiac biomarkers
● Low pretest probability of CAD


A (7)


6. ● Normal ECG and cardiac biomarkers
● Intermediate pretest probability of CAD


A (7)


7. ● ECG uninterpretable
● Low pretest probability of CAD


A (7)


7. ● ECG uninterpretable
● Intermediate pretest probability of CAD


A (7)


8. ● Nondiagnostic ECG or equivocal cardiac biomarkers
● Low pretest probability of CAD


A (7)


8. ● Nondiagnostic ECG or equivocal cardiac biomarkers
● Intermediate pretest probability of CAD


A (7)


Detection of CAD/Risk Assessment in Asymptomatic Individuals Without Known CAD—Noncontrast CT for CCS


9. ● Family history of premature CHD
● Low global CHD risk estimate


A (7)


10. ● Asymptomatic
● No known CAD
● Intermediate global CHD risk estimate


A (7)


Detection of CAD in Other Clinical Scenarios—New-Onset or Newly Diagnosed Clinical HF and No Prior CAD


13. ● Reduced left ventricular ejection fraction
● Low pretest probability of CAD


A (7)


13. ● Reduced left ventricular ejection fraction
● Intermediate pretest probability of CAD


A (7)


Detection of CAD in Other Clinical Scenarios—Preoperative Coronary Assessment Prior to Noncoronary Cardiac Surgery


15. ● Coronary evaluation before noncoronary cardiac surgery
● Intermediate pretest probability of CAD


A (7)


Use of CTA in the Setting of Prior Test Results—Prior ECG Exercise Testing


20. ● Normal ECG exercise test
● Continued symptoms


A (7)


21. ● Prior ECG exercise testing
● Duke Treadmill Score—intermediate risk findings


A (7)


Use of CTA in the Setting of Prior Test Results—Sequential Testing After Stress Imaging Procedures


22. ● Discordant ECG exercise and imaging results A (8)


23. ● Stress imaging results: equivocal A (8)


Use of CTA in the Setting of Prior Test Results—Prior CCS


26. ● Diagnostic impact of coronary calcium on the decision to perform contrast CTA in symptomatic patients
● CCS �100


A (8)


26. ● Diagnostic impact of coronary calcium on the decision to perform contrast CTA in symptomatic patients
● CCS 100–400


A (8)


Use of CTA in the Setting of Prior Test Results—Evaluation of New or Worsening Symptoms in the Setting of Past Stress Imaging Study


29. ● Previous stress imaging study normal A (8)


Risk Assessment Postrevascularization (PCI or CABG)—Symptomatic (Ischemic Equivalent)


39. ● Evaluation of graft patency after CABG A (8)
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able 8. Continued


Indication


Risk Assessment Postrevascularization (PCI o


43. ● Prior left main coronary stent with stent diameter �3


Evaluation of Cardiac Structure and F


46. ● Assessment of anomalies of coronary arterial and oth


47. ● Assessment of complex adult congenital heart diseas


Evaluation of Cardiac Structure and Function—Eva


49. ● Evaluation of left ventricular function
● Following acute MI or in HF patients
● Inadequate images from other noninvasive methods


50. ● Quantitative evaluation of right ventricular function


51. ● Assessment of right ventricular morphology
● Suspected arrhythmogenic right ventricular dysplasia


Evaluation of Cardiac Structure and Function


53. ● Characterization of native cardiac valves
● Suspected clinically significant valvular dysfunction
● Inadequate images from other noninvasive methods


54. ● Characterization of prosthetic cardiac valves
● Suspected clinically significant valvular dysfunction
● Inadequate images from other noninvasive methods


56. ● Evaluation of cardiac mass (suspected tumor or throm
● Inadequate images from other noninvasive methods


57. ● Evaluation of pericardial anatomy


58 ● Evaluation of pulmonary vein anatomy
● Prior to radiofrequency ablation for atrial fibrillation


59. ● Noninvasive coronary vein mapping
● Prior to placement of biventricular pacemaker


60. ● Localization of coronary bypass grafts and other retro
● Prior to reoperative chest or cardiac surgery


indicates appropriate; I, inappropriate; and U, uncertain.


able 9. Uncertain Indications (Median Score 4–6)


Indication


Detection of CAD in Symptomatic
Symptomatic—Nonacute Symptoms Po


1. ● ECG interpretable and able to exercise
● Low pretest probability of CAD


2. ● ECG uninterpretable or unable to exercise
● High pretest probability of CAD


Detection of CAD in Symptomatic
Symptomatic—Acute Symptoms Wit


4. ● Persistent ECG ST-segment elevation following exclus


5. ● Acute chest pain of uncertain cause (differential diagn
and ACS [“triple rule out”])


6. ● Normal ECG and cardiac biomarkers
● High pretest probability of CAD


7. ● ECG uninterpretable
● High pretest probability of CAD


8. ● Nondiagnostic ECG or equivocal cardiac biomarkers
● High pretest probability of CAD


Detection of CAD/Risk Assessment in Asymptomatic


10. ● Asymptomatic
● No known CAD
● High global CHD risk estimate

Appropriate Use
Score (1–9)


r CABG)—Asymptomatic—Prior Coronary Stenting


mm A (7)


unction—Adult Congenital Heart Disease


er thoracic arteriovenous vessels A (9)


e A (8)


luation of Ventricular Morphology and Systolic Function


A (7)


A (7)


A (7)


—Evaluation of Intra- and Extracardiac Structures


A (8)


A (8)


bus) A (8)


A (8)


A (8)


A (8)


sternal anatomy A (8)

Appropriate Use
Score (1–9)


Patients Without Known Heart Disease
ssibly Representing an Ischemic Equivalent


U (5)


U (4)


Patients Without Known Heart Disease
h Suspicion of ACS (Urgent Presentation)


ion of MI U (6)


osis includes pulmonary embolism, aortic dissection, U (6)


U (4)


U (4)


U (4)


Individuals Without Known CAD—Noncontrast CT for CCS


U (4)
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able 9. Continued


Indication
Appropriate Use


Score (1–9)


Detection of CAD/Risk Assessment in Asymptomatic Individuals Without Known CAD—Coronary CTA


11. ● Asymptomatic
● No known CAD
● High global CHD risk estimate


U (4)


Detection of CAD/Risk Assessment in Asymptomatic Individuals Without Known CAD—Coronary CTA Following Heart Transplantation


12. ● Routine evaluation of coronary arteries U (6)


Detection of CAD in Other Clinical Scenarios—New-Onset or Newly Diagnosed Clinical HF and No Prior CAD


13. ● Reduced left ventricular ejection fraction
● High pretest probability of CAD


U (4)


14. ● Normal left ventricular ejection fraction
● Low pretest probability of CAD


U (5)


14. ● Normal left ventricular ejection fraction
● Intermediate pretest probability of CAD


U (5)


14. ● Normal left ventricular ejection fraction
● High pretest probability of CAD


U (4)


Detection of CAD in Other Clinical Scenarios—Preoperative Coronary Assessment Prior to Noncoronary Cardiac Surgery


15. ● Coronary evaluation before noncoronary cardiac surgery
● Low pretest probability of CAD


U (6)


Detection of CAD in Other Clinical Scenarios—Arrhythmias—Etiology Unclear After Initial Evaluation


17. ● Nonsustained ventricular tachycardia U (6)


18. ● Syncope U (4)


Detection of CAD in Other Clinical Scenarios—Elevated Troponin of Uncertain Clinical Significance


19. ● Elevated troponin without additional evidence of ACS or symptoms suggestive of CAD U (6)


Use of CTA in the Setting of Prior Test Results—Sequential Testing After Stress Imaging Procedures


23. ● Stress imaging results: mild ischemia U (6)


Use of CTA in the Setting of Prior Test Results—Prior CCS


24. ● Zero CCS �5 y ago U (4)


26. ● Diagnostic impact of coronary calcium on the decision to perform contrast CTA in symptomatic patients
● CCS 401–1000


U (6)


26. ● Diagnostic impact of coronary calcium on the decision to perform contrast CTA in symptomatic patients
● CCS �1000


U (4)


Use of CTA in the Setting of Prior Test Results—
Evaluation of New or Worsening Symptoms in the Setting of Past Stress Imaging Study


29. ● Previous stress imaging study abnormal U (6)


Risk Assessment Preoperative Evaluation of Noncardiac Surgery Without Active Cardiac Conditions—Intermediate-Risk Surgery


33. ● Functional capacity �4 METs with 1 or more clinical risk predictors U (5)


Risk Assessment Preoperative Evaluation of Noncardiac Surgery Without Active Cardiac Conditions—Vascular Surgery


37. ● Functional capacity �4 METs with 1 or more clinical risk predictors U (6)


Risk Assessment Postrevascularization (PCI or CABG)—Symptomatic (Ischemic Equivalent)


41. ● Prior coronary stent with stent diameter �3 mm U (6)


Risk Assessment Postrevascularization (PCI or CABG)—Asymptomatic—CABG


42. ● Prior coronary bypass surgery �5 y ago U (5)


Risk Assessment Postrevascularization (PCI or CABG)—Asymptomatic—Prior Coronary Stenting


44. ● Stent diameter �3 mm
● Greater than or equal to 2 y after PCI


U (4)


Evaluation of Cardiac Structure and Function—Evaluation of Ventricular Morphology and Systolic Function


52. ● Assessment of myocardial viability prior to myocardial revascularization
● Ischemic left ventricular systolic dysfunction
● Other imaging modalities are inadequate or contraindicated


U (5)

indicates appropriate; I, inappropriate; and U, uncertain.
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able 10. Inappropriate Indications (Median Score 1–3)


Indication
Appropriate Use


Score (1–9)


Detection of CAD in Symptomatic Patients Without Known Heart Disease
Symptomatic—Nonacute Symptoms Possibly Representing an Ischemic Equivalent


1. ● ECG interpretable and able to exercise
● High pretest probability of CAD


I (3)


Detection of CAD in Symptomatic Patients Without Known Heart Disease
Symptomatic—Acute Symptoms With Suspicion of ACS (Urgent Presentation)


3. ● Definite MI I (1)


Detection of CAD/Risk Assessment in Asymptomatic Individuals Without Known CAD—Noncontrast CT for CCS


10. ● Low global CHD risk estimate I (2)


Detection of CAD/Risk Assessment in Asymptomatic Individuals Without Known CAD—Coronary CTA


11. ● Low global CHD risk estimate I (2)


11. ● Intermediate global CHD risk estimate I (2)


Detection of CAD in Other Clinical Scenarios—Preoperative Coronary Assessment Prior to Noncoronary Cardiac Surgery


15. ● Coronary evaluation before noncoronary cardiac surgery
● High global CHD risk estimate


I (3)


Detection of CAD in Other Clinical Scenarios—Arrhythmias—Etiology Unclear After Initial Evaluation


16. ● New-onset atrial fibrillation (atrial fibrillation is underlying rhythm during imaging) I (2)


Use of CTA in the Setting of Prior Test Results—ECG Exercise Testing


21. ● Exercise ECG testing
● Duke Treadmill Score—low-risk findings


I (2)


21. ● Exercise ECG testing
● Duke Treadmill Score—high-risk findings


I (3)


Use of CTA in the Setting of Prior Test Results—Sequential Testing After Stress Imaging Procedures


23. ● Stress imaging results: moderate or severe ischemia I (2)


Use of CTA in the Setting of Prior Test Results—Prior CCS


25. ● Positive calcium score �2 y ago I (2)


Periodic Repeat Testing in Asymptomatic OR Stable Symptoms With Prior Stress Imaging or Coronary Angiography


27. ● No known CAD
● Last study done �2 y ago


I (2)


27. ● No known CAD
● Last study done �2 y ago


I (3)


28. ● Known CAD
● Last study done �2 y ago


I (2)


28. ● Known CAD
● Last study done �2 y ago


I (3)


Risk Assessment Preoperative Evaluation of Noncardiac Surgery Without Active Cardiac Conditions—Low-Risk Surgery


30. ● Preoperative evaluation for noncardiac surgery risk assessment, irrespective of functional capacity I (1)


Risk Assessment Preoperative Evaluation of Noncardiac Surgery Without Active Cardiac Conditions—Intermediate-Risk Surgery


31. ● No clinical risk predictors I (2)


32. ● Functional capacity �4 METs I (2)


34. ● Asymptomatic �1 y following a normal coronary angiogram, stress test, or a coronary revascularization
procedure


I (1)


Risk Assessment Preoperative Evaluation of Noncardiac Surgery Without Active Cardiac Conditions—Vascular Surgery


35. ● No clinical risk predictors I (2)


36. ● Functional capacity �4 METs I (2)


38. ● Asymptomatic �1 y following a normal coronary angiogram, stress test, or a coronary revascularization
procedure


I (2)


Risk Assessment Postrevascularization (PCI or CABG)—Symptomatic (Ischemic Equivalent)


40. ● Prior coronary stent with stent diameter �3 mm or not known I (3)


Risk Assessment Postrevascularization (PCI or CABG)—Asymptomatic—CABG


42. ● Prior coronary bypass surgery �5 y ago I (2)
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igure 1. Hierarchy of Potential Test Ordering Based on Clinical Presentation

able 10. Continued


Indication
Appropriate Use


Score (1–9)


Risk Assessment Postrevascularization (PCI or CABG)—Asymptomatic—Prior Coronary Stenting


44. ● Prior coronary stent with stent diameter �3 mm or not known
● Less than 2 y after PCI


I (2)


44. ● Prior coronary stent with stent diameter �3 mm or not known
● Greater than or equal to 2 y after PCI


I (2)


45. ● Prior coronary stent with stent diameter �3 mm
● Less than 2 y after PCI


I (3)


Evaluation of Cardiac Structure and Function—Evaluation of Ventricular Morphology and Systolic Function


48. ● Initial evaluation of left ventricular function
● Following acute MI or in HF patients


I (2)


Evaluation of Cardiac Structure and Function—Evaluation of Intra- and Extracardiac Structures


55. ● Initial evaluation of cardiac mass (suspected tumor or thrombus) I (3)
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igure 2. Risk Assessment Preoperative Evaluation of Noncardiac Surgery

igure 3. Detection of CAD in Symptomatic Patients Without Known Heart Disease Symptomatic Acute Presentation
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igure 4. Risk Assessment Postrevascularization (PCI or CABG)

igure 5. Use of CT Angiography in the Setting of Prior Test Results
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igure 6. Detection of CAD in Symptomatic Patients Without Known Heart Disease Symptomatic—Nonacute Presentation

igure 7. Detection of CAD/Risk Assessment in Asymptomatic Individuals Without Known Coronary Artery Disease
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igure 8. Detection of CAD in Other Clinical Scenarios

igure 9. Evaluation of Cardiac Structure and Function
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. Discussion


ppropriate use criteria define common patient subgroups
here expert opinion and the available medical evidence are


ombined to assess the net benefit of a test or procedure, in
his instance CCT. The intent of these criteria is to guide
he rational use of the procedure, namely avoidance of either
nder- or overutilization, and thereby lead to more optimal
ealthcare delivery and justifiable healthcare expenditures.
This document is an update to the original appropriate-


ess criteria for CCT published in 2006 (1), written to
eflect changes in test utilization in the context of rapidly
eveloping technical and clinical applications and within the
onceptual framework of dynamic appropriate use criteria
evelopment. Several aspects of the present document are
oteworthy, including careful alignment to and, where
ossible, definition of language in the radionuclide imaging
ppropriate use criteria (2) to enhance integration into
omparable decision support tools and performance metrics.
he underlying assumptions for the document are intended


o broadly reflect the present community standards of
echnology and performance of the technique with an
mphasis on adherence to imaging guidelines, patient
afety, and laboratory quality and accreditation.


The clinical scenarios included in this report were de-
igned to reflect the most common and important potential
pplications for CCT imaging. After the initial writing by
he writing group, extensive review from external editors,
nd then ranking by the technical panel itself, the result is a
et of scenarios that define patient-specific applications. The
ppropriate use criteria in this report provide a consensus


igure 10. Evaluation of Cardiac Structure and Function: Evalu

udgment of whether it is reasonable to use CCT imaging s
 by Becontent.onlinejacc.orgDownloaded from 

or the particular clinical scenario described, such as those
3 indications listed in this document. These criteria are
xpected to be useful for clinicians, healthcare facilities, and
hird-party payers engaged in the delivery of cardiovascular
maging services. Although numerous, the indications are
ommonly divided among subclasses of patient CHD risk or
retest probability of CAD, as such characteristics are
mportant considerations within the test performance char-
cteristics. In total, 35 of 93 indications were judged to be
ppropriate, and 58 were judged to be either inappropri-
te or uncertain. It is important to note however, that an
nderstanding of pretest patient characteristics is an
mportant determinant of the appropriate use ratings.
ew categories are uniform in the ratings for all patient
haracteristics.


Appropriate use criteria represent the first component of
he chain of quality recommendations for cardiovascular
maging (15). In addition to appropriate use, patient safety
lso should be considered when ordering coronary com-
uted tomographic angiography (CTA), as it should be
hen ordering any cardiac imaging test. A consideration of


he appropriate balance of using radiation dose reduction
echniques to minimize radiation exposure while preserving
mage quality and the related benefits of imaging for a
pecific patient should be undertaken. This issue is discussed
n more depth in a 2010 expert consensus document on
oronary CTA (16). The present document greatly expands
he number of potential clinical scenarios in comparison to
he original 2006 document. The clinical scenarios include
cute and chronic chest pain, testing in symptomatic and
symptomatic patients, heart failure, preoperative risk as-


of Intra- and Extracardiac Structures

ation

essment before both cardiac and noncardiac surgery, testing
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n the setting of prior test results (exercise testing, stress
maging procedures, coronary calcium scores, and repeat
esting), prior revascularization, and the evaluation of car-
iac structure and function. Although these criteria are


ntended to provide guidance for patients and clinicians,
hey are not intended to serve as substitutes for sound
linical judgment and practice experience. The writing
roup recognizes that many patients encountered in clinical
ractice may not be represented in these appropriate use
riteria or may have extenuating features when compared
ith the clinical scenarios presented. Although the appro-
riate use ratings reflect critical medical literature as well as
xpert consensus, physicians and other stakeholders should
nderstand the role of clinical judgment in determining
hether to order a test for an individual patient. Addition-


lly, uncertain indications often require individual physician
udgment and understanding of the patient to better deter-


ine the usefulness of a test for a particular scenario. As
uch, the ranking of an indication as uncertain (4 to 6)
hould not be viewed as limiting the use of CCT imaging
or such patients. It should be emphasized that the technical
anel was instructed that the uncertain designation was still
esigned to be considered as a “reimbursable” category.
These ratings are intended to evaluate the appropriate use


f specific patient scenarios to determine overall patterns of
are regarding CCT. In situations where there is substantial
ariation between the appropriate use rating and what the
linician believes is the best recommendation for the pa-
ient, further considerations or actions, such as a second
pinion, may be appropriate. Moreover, it is not anticipated
hat all physicians or facilities will have 100% of their CCT
rocedures deemed appropriate. However, related to the
verall patterns of care, if the national average of appropriate
nd uncertain ratings is 80%, for example, and a physician or
acility has a 40% rate of inappropriate procedures, further
xamination of the patterns of care may be warranted and
elpful. Implementation of these criteria is highly encour-
ged through provider education, as it is anticipated that
ncreasing emphasis by laboratory accreditation bodies and
ther organizations focused on provider quality will apply.


.1. Clinical Scenarios and Their Ratings


irect comparison to the 2006 document is difficult because
f the many changes in the number and wording of clinical
cenarios. In summary:


• A total of 31 indications were carried forward from the
2006 document, including prior ratings where 10 were
appropriate, 10 were uncertain, and 11 were inappro-
priate. Among these, 8 shifted up 1 category from
either uncertain to appropriate (Indications 1 [inter-
mediate], 6 [low], 10 [intermediate], 39, 49, 54) or
from inappropriate to uncertain (Indications 2 [high],
42 [�5 y]). The other 23 indications had unchanged


appropriate use ratings.


 by Becontent.onlinejacc.orgDownloaded from 

• One area of expansion compared with the 2006 criteria
involves symptomatic patients without known heart
disease. CCT was felt to be appropriate primarily for
situations involving a low or intermediate pretest
probability of obstructive CAD. Scenarios involving
high-probability CAD patients were rated as uncertain
with the exceptions of a patient with an interpretable
ECG who was able to exercise, and for definite
myocardial infarction.


• Noncontrast CT calcium scoring was judged as appro-
priate for intermediate CHD risk patients, and for the
specific subset of low-risk patients in whom a family
history of premature CHD was present. Intermediate
risk was defined as a 10-year risk of between 10% and
20%, although individual patient exceptions to a
broadened intermediate risk range of 6% to 20% were
recognized for certain patient subsets with generally
low absolute risk but high relative risk (younger men
and women). Screening asymptomatic patients using
coronary CT angiography was considered inappropri-
ate, as was repeat coronary calcium testing. Repeat CT
angiography in asymptomatic patients or patients with
stable symptoms with prior test results was broadly
considered inappropriate.


• Within heart failure, CT angiography was appropriate
or uncertain as a test across both normal (new to this
document) and abnormal left ventricular ejection frac-
tion, although the only appropriate scenarios were
with reduced left ventricular ejection fraction with low
or intermediate pretest CAD probability.


• As part of the preoperative evaluation, CT angiogra-
phy was viewed as a potential option among patients
undergoing heart surgery for noncoronary indications
(e.g., valve replacement surgery or atrial septal defect
closure) when the pretest CAD risk was either inter-
mediate (appropriate) or low (uncertain). In compari-
son, there were no appropriate indications for coronary
CT angiography as part of the preoperative evaluation
for noncardiac surgery.


• The evaluation of coronary stents was considered as a
function of patient symptom status, time from revas-
cularization, and stent size. Only with larger stents
(�3 mm in diameter) after long time periods (�2
years) was stent imaging considered uncertain, and
only with left main stents was imaging of stents
considered appropriate.


• A strength of cardiac CT imaging is the evaluation of
cardiac structure and function. Appropriate indications
include coronary anomalies, congenital heart disease,
evaluation of right ventricular function, evaluation of
left ventricular ejection fraction when images from
other techniques are inadequate, or evaluation of
prosthetic heart valves. New to this document is the
use of CCT for evaluation of myocardial viability when


other modalities are inadequate or contraindicated
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(uncertain), and in suspected arrhythmogenic right
ventricular dysplasia (appropriate).


• The use of CCT was appropriate prior to electrophys-
iological procedures for anatomic mapping, or prior to
repeat sternotomy in reoperative cardiac surgery.


• There was disagreement on the panel in 2 of the
clinical scenarios: 1) detection of CAD in the setting
of a low pretest probability for CAD when the ECG
is interpretable and the patient is able to exercise
(Indication 1); and 2) preoperative coronary assess-
ment prior to noncoronary cardiac surgery in the
setting of a low pretest probability for CAD (Indica-
tion 30). Both of these indications were ranked in the
uncertain category.


.2. Application of Criteria


here are many potential applications for appropriate use
riteria. Clinicians could use the ratings for decision support
r an educational tool when considering the need for CCT
maging. Moreover, these criteria could be used to facilitate
iscussion with patients and/or referring physicians about


igure A1. Stepwise Approach to Perioperative Cardiac Assess


ardiac evaluation and care algorithm for noncardiac surgery based on active clinica


ears of age. HR indicates heart rate; LOE, level of evidence; and MET, metabolic equivale


 by Becontent.onlinejacc.orgDownloaded from 

he need for CCT imaging. Facilities and payers may choose
o use these criteria either prospectively in the design of
rotocols and preauthorization procedures, or retrospec-
ively for quality reports. It is hoped that payers would use
hese criteria as the basis for the development of rational
ayment management strategies.
These criteria were developed with the intent that they be


onsidered in both the delivery and in the policy positions
or these services, including reimbursement. In contrast,
ervices performed for inappropriate indications should
ikely require additional documentation to justify reimburse-


ent because of the unique circumstances or the clinical
rofile that must exist in such a patient. It is critical to
mphasize that the writing group, technical panel, Appro-
riate Use Criteria Task Force, and clinical community do
ot believe an uncertain rating is grounds to deny reim-
ursement for CCT imaging. Rather, uncertain ratings are
hose where expert opinion or the available data vary or are
apidly evolving. The opinions of the technical panel often
aried for these indications reflecting that additional re-
earch is needed. By the same right, appropriate indications


t


itions, known cardiovascular disease, or cardiac risk factors for patients �50

men


l cond


nt. Modified from Fleisher (19).
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ay still benefit from further clinical trials and evidence
evelopment.
In conclusion, this document represents the current


nderstanding of the net clinical benefit of CCT imaging
ith respect to the balance between benefit and risk to


he patient as assessed under the ACCF’s appropriate use
riteria methodology. It is intended to provide a practical
uide and perspective to clinicians and patients when
onsidering CCT imaging and promote more appropriate
est utilization including avoidance of either under- or
verutilization. As with other appropriate use criteria,
ome of these ratings will require research and further
valuation to provide the greatest information and benefit
o clinical decision making. Finally, it will be necessary to
eriodically assess and update the indications and criteria
s technology evolves and new data and field experience
ecome available.


ppendix A: Additional Cardiac
omputed Tomography Definitions


ngina: As defined by the ACC/AHA Guidelines on
xercise Testing (9)


• Typical Angina (Definite):
1. Substernal chest pain, or an ischemic equivalent


discomfort that is
a. provoked by exertion or emotional stress and
b. relieved by rest and/or nitroglycerin (17).


• Atypical Angina (Probable): Chest pain or discomfort
with two characteristics of definite or typical angina (17).


• Nonanginal Chest Pain: Chest pain or discomfort that
meets one or none of the typical angina characteristics (17).


cute Coronary Syndrome: As defined by the ACC/AHA
uidelines for the Management of Patients With ST-
levation Myocardial Infarction, patients with an acute


oronary syndrome include those whose clinical presenta-
ions cover the following range of diagnoses: unstable
ngina, MI without ST-elevation (NSTEMI), and myocar-
ial infarction with ST-elevation (STEMI) (18).


valuating Perioperative Risk for Noncardiac Surgery


ETHOD FOR DETERMINING PERIOPERATIVE RISK


eview Figure A1, “Stepwise Approach to Perioperative
ardiac Assessment,” from the ACC/AHA 2009 Periop-


rative Guidelines (19). Based on the algorithm, once it is
etermined that the patient does not require urgent surgery,
he clinician should determine the patient’s active cardiac
onditions and/or perioperative risk predictors—see defini-
ions in the following text. If any active cardiac conditions
Table A1) and/or major risk predictors (Table A2) are
resent, Figure A1 suggests consideration of coronary an-
iography and postponing or canceling noncardiac surgery.
nce perioperative risk predictors are assessed based on the

lgorithm, then the surgical risk and patient’s functional
*
n


 by Becontent.onlinejacc.orgDownloaded from 

tatus should be used to establish the need for noninvasive
esting.


CG—Uninterpretable: Refers to electrocardiograms with
esting ST-segment depression (�0.10 mV), complete left
undle-branch block, pre-excitation (Wolff-Parkinson-


hite syndrome), or paced rhythm.


ble to Exercise: Able to complete a diagnostic exercise
readmill examination.


ppendix B: Additional Methods


ee the Methods section for a description of panel selection,
ndication development, scope of indications, and rating
rocess.


elationships With Industry and Other Entities


list of all individuals participating in the development and
eview of this document and their institutional and/or


able A1. Active Cardiac Conditions for Which the Patient
hould Undergo Evaluation and Treatment Before Noncardiac
urgery (Class I, Level of Evidence: B)


Condition Examples


nstable coronary syndromes Unstable or severe angina*
(CCS class III or IV)†


Recent MI‡


ecompensated HF (NYHA
functional class IV;
worsening or new-onset HF)


ignificant arrhythmias High-grade atrioventricular block


Mobitz II atrioventricular block


Third-degree atrioventricular heart block


Symptomatic ventricular arrhythmias


Supraventricular arrhythmias (including
atrial fibrillation) with uncontrolled
ventricular rate (HR �100 bpm at
rest)


Symptomatic bradycardia


Newly recognized ventricular tachycardia


evere valvular disease Severe aortic stenosis (mean pressure
gradient �40 mm Hg, aortic valve
area �1.0 cm2, or symptomatic)


Symptomatic mitral stenosis
(progressive dyspnea on exertion,
exertional presyncope, or HF)


According to Campeau (20); †May include “stable” angina in patients who are unusually
edentary; ‡The American College of Cardiology National Database Library defines recent MI as
7 days but �1 month (within 30 days). Reprinted from Fleisher (19).
CCS indicates Canadian Cardiovascular Society; HF, heart failure; HR, heart rate; MI,
yocardial infarction; and NYHA, New York Heart Association.


able A2. Perioperative Clinical Risk Factors*


History of ischemic heart disease
History of compensated or prior heart failure
History of cerebrovascular disease
Diabetes mellitus (requiring insulin)
Renal insufficiency (creatinine �2.0)

As defined by the ACCF/AHA guidelines on perioperative cardiovascular evaluation and care for
oncardiac surgery (1). Note that these are not standard coronary artery disease risk factors.
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rganizational affiliations is presented in Appendix C. The
CCF and its partnering organizations rigorously avoid any


ctual, perceived, or potential conflicts of interest that might
rise as a result of an outside relationship or personal interest
f a member of the technical panel. Specifically, all panel
embers are asked to provide disclosure statements of all


elationships that might be perceived as real or potential
onflicts of interest. These statements were reviewed by the
ppropriate Use Criteria Task Force, discussed with all
embers of the technical panel at the face-to-face meeting,


nd updated and reviewed as necessary. A table of disclo-
ures by the technical panel and oversight task force mem-
ers can be found in Appendix D.


iterature Review


he technical panel members were asked to refer to the
elevant literature provided for each indication table when
ompleting their ratings (Online Appendix at http://
ontent.onlinejacc.org/cgi/content/full/j.jacc.2010.07.005/
C1).


ppendix C: ACCF/SCCT/ACR/AHA/ASE/
SNC/SCAI/SCMR 2010 Appropriate Use
riteria for Cardiac Computed Tomography
articipants


ardiac Computed Tomography Writing Group


llen J. Taylor, MD, FACC, FAHA—Chair, Appropriate
se Criteria for Cardiac Computed Tomography Writing
roup, Co-Director Noninvasive Imaging, Washington
ospital Center, Washington, DC
Manuel Cerqueira, MD, FACC, FASNC—Chairman of
olecular and Functional Imaging, Cleveland Clinic Foun-


ation, Cleveland, OH
John McB. Hodgson, MD, FACC, FSCAI—Chairman,
epartment of Cardiology Geisinger Health System, Dan-


ille, PA
Daniel Mark, MD, MPH, FACC, FAHA—Professor of
edicine, Duke Clinical Research Institute, Duke Univer-


ity, Durham, NC
James Min, MD, FACC—Assistant Professor of Medi-


ine, Weil Cornell Medical College, New York, NY
Patrick O’Gara, MD, FACC, FAHA—Associate Pro-


essor of Medicine, Harvard University School of Medicine,
irector of Clinical Cardiology, Brigham & Women’s
ospital, Boston, MA
Geoffrey D. Rubin, MD, FSCBTMR—Professor of


adiology, Associate Dean for Clinical Affairs, Chief of
ardiovascular Imaging, Stanford University School of
edicine, Palo Alto, CA


ardiac Computed Tomography Technical Panel


hristopher M. Kramer, MD, FACC, FAHA—Moderator


f the Technical Panel, Professor of Radiology and Medi- B
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ine, and Director, Cardiovascular Imaging Center, Univer-
ity of Virginia Health System, Charlottesville, VA


Allen J. Taylor, MD, FACC, FAHA—Writing Group
iaison, Appropriate Use Criteria for Cardiac Computed
omography Technical Panel, Co-Director of Noninvasive


maging, Washington Hospital Center, Washington, DC
Daniel Berman, MD, FACC—Director of Cardiac Im-


ging, Cedars-Sinai Medical Center Department of Imag-
ng, Los Angeles, CA


Alan Brown, MD, FACC, FAHA, FNLA—Clinical
ssociate Professor of Medicine, Loyola Stritch School of
edicine, Maywood, IL; Medical Director of Midwest
eart Disease Prevention Center, Midwest Heart Special-


sts, Edward Heart Hospital, Naperville, IL
Farooq A. Chaudhry, MD, FACC, FAHA, FASE—


ssociate Professor of Medicine, Columbia University Col-
ege of Physicians and Surgeons, Associate Chief of Cardi-
logy, Director of Echocardiography, New York, NY
Ricardo C. Cury, MD—Director of Cardiac Imaging,


aptist Hospital of Miami and Baptist Cardiac and Vascu-
ar Institute, Miami, FL


Milind Y. Desai, MD, FACC—Cardiologist, Section of
ardiovascular Imaging, Cleveland Clinic, Cleveland, OH
Andrew J. Einstein, MD, PhD, FACC, FAHA,


ASNC—Assistant Professor of Clinical Medicine, Direc-
or, Cardiac CT Research, Co-Director, Cardiac CT and


RI, Columbia University, New York, NY
Antoinette S. Gomes, MD, FAHA, FSIR—Professor of


adiology and Medicine, David Geffen School of Medicine
t UCLA, Los Angeles, CA


Robert Harrington, MD, FACC, FAHA, FSCAI—
rofessor of Medicine, Duke University, Director of Duke
linical Research Institute, Durham, NC
Udo Hoffmann, MD, MPH—Director of Cardiac MR,


ET, and CT program, Massachusetts General Hospital,
oston, MA
Rahul Khare, MD—Instructor, Department of Emer-


ency Medicine, Northwestern University, Feinberg School
f Medicine, Chicago, IL
John Lesser, MD, FACC—Director of Cardiovascular


T and MRI, Minneapolis Heart Institute, Minneapolis, MN
Christopher McGann, MD, FACC—Associate Profes-


or of Medicine, Division of Cardiology, University of Utah
edical Center, Salt Lake City, UT
Alan Rosenberg, MD, FACC—Vice President of Med-


cal Policy and Credentialing Programs, WellPoint, Inc.,
hicago, IL
Robert Schwartz, MD, FACC—Cardiolgist, Minneap-


lis Heart Institute, Minneapolis, MN
Marc Shelton, MD, FACC—President, Prairie Cardio-


ascular Consultants, Ltd., Springfield, IL
Gerald W. Smetana, MD—Associate Professor of Medi-


ine, Harvard University School of Medicine, Internal Medi-
ine Physician, Division of General Medicine & Primary Care,


eth Israel Deaconess Medical Center, Boston, MA
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Sidney C. Smith, Jr., MD, FACC, FAHA—Professor of
edicine, Director of Center for Cardiovascular Science and
edicine, University of North Carolina, Chapel Hill, NC


xternal Reviewers of the Appropriate Use Criteria
ndications


ichael Atalay, MD, PhD, FACC—Director Cardiac
RI and CT, Assistant Professor of Diagnostic Imaging


nd Cardiology Warren Alpert School of Medicine at
rown University, Rhode Island Hospital, Providence, RI
Matthew Budoff, MD, FACC—Program Director, Di-


ision of Cardiology, Los Angeles Biomedical Research
nstitute, Torrance, CA


Tracy Callister, MD, FACC—Director, Tennessee
eart and Vascular Institute, Hendersonville, TN
Jeffrey Carr, MD, FACC—Cardiologist, Cardiovascular


ssociates of East Texas, PA, Tyler, TX
Su Min Chang, MD, FACC—Assistant Professor of
edicine, Weill Cornell Medical College, Associate Direc-


or of the Cardiac Computed Tomography Laboratory—
he Methodist DeBakey Heart & Vascular Center, Hous-


on, TX
Benjamin Cheong, MD, FACC—Attending Physician,


linical Director, Cardiovascular MR and CT, St. Luke’s
piscopal Health System/The Texas Heart Institute, Hous-


on, TX
Kavitha Chinnaiyan, MD, FACC—Director, Cardiovas-


ular Imaging Education, William Beumont Hospital,
oyal Oak, MI
Philip Costello, MD—Chair of Radiology, Medical Uni-


ersity of South Carolina, Charleston, SC
E. Gordon DePuey, MD, FACC—Director of Nuclear
edicine, St. Luke’s-Roosevelt Hospital Professor of Ra-


iology, Columbia University, New York, NY
Andrew J. Einstein, MD, PhD, FACC, FAHA,


ASNC—Assistant Professor of Clinical Medicine, Direc-
or, Cardiac CT Research, Co-Director, Cardiac CT and


RI, Columbia University, New York, NY
Lee Fleisher, MD, FACC—Professor of Anesthesiology,


niversity of Pennsylvania Department of Anesthesiology,
hiladelphia, PA
Mario Garcia, MD, FACC—Director of Cardiovascular


maging, Mount Sinai Hospital Cardiovascular Institute,
ew York, NY
Thomas Gerber, MD, FACC—Professor of Radiology


nd Medicine, Jacksonville, FL
Raymond Gibbons, MD, FACC—Professor of Medi-


ine, Co-Director of Nuclear Cardiology Lab, Mayo Clinic,
ochester, MN
Harvey Hecht, MD, FACC, FSCCT—Director of Car-


iovascular CT, Lenox Hill Heart and Vascular Institute of
ew York, New York, NY
Milena Henzlova, MD, FACC—Director of Nuclear

ardiology, Mount Sinai Medical Center, New York, NY C
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Jill Jacobs, MD—Associate Professor of Radiology, Chief
f Cardiac Imaging, NYU Langone Medical Center, New
ork, NY
Scott Jerome, DO, FACC—Assistant Professor of Med-


cine, Cardiology Division, University of Maryland Medical
enter, Finksburg, MD
Norman Kato, MD, FACC—Cardiothoracic Surgeon,


ardiac Care Medical Group, Encino, CA
Richard Kovacs, MD, FACC—Professor of Clinical Med-


cine, Krannert Institute of Cardiology, Indianapolis, IN
Michael Lauer, MD, FACC—Director, Division of


ardiovascular Sciences, National Heart, Lung, and Blood
nstitute, Bethesda, MD


John Mahmarian, MD, FACC—Professor of Medicine,
he Methodist Hospital Organization, Houston, TX
David Malenka, MD—Professor of Medicine, Dart-
outh Hitchcock Medical Center Section of Cardiology,
ebanon, NH
Frederick A. Masoudi, MD, MSPH, FACC, FAHA—


ssociate Professor of Medicine, Denver Health Center,
enver, CO
Julie Miller, MD, FACC—Assistant Professor of Med-


cine, Johns Hopkins University, Baltimore, MD
Debabrata Mukherjee, MD, FACC—Chief, Cardiovas-


ular Medicine, Professor of Medicine, Texas Tech Univer-
ity, El Paso, TX


Meagan Murphy, MD—Internist, Massachusetts Gen-
ral Hospital, Boston, MA


Jagat Narula, MD, FACC—Professor of Medicine,
hief of Division of Cardiology, University of California,


rvine, Orange, CA
John Nixon, MD, FACC, FAHA—Professor of Medi-


ine, Medical College of Virginia, Richmond, VA
E. Magnus Ohman, MD, FACC—Professor of Medi-


ine, Duke University Medical Center; Associate Director,
uke Heart Center-Ambulatory Care; Director, Program


or Advanced Coronary Disease, Duke Clinical Research
nstitute, Durham, NC


Michael H. Picard, MD, FACC, FAHA, FASE—
irector of Echocardiography, Massachusetts General
ospital, Boston, MA
Michael Poon, MD, FACC—Professor of Medicine and


adiology, Stony Brook School of Medicine, Stony Brook, NY
Miguel Quinones, MD, FACC—Professor of Medicine,
eill Cornell Medical College; Chairman, Department of


ardiology, The Methodist Hospital Physician Organiza-
ion, Houston, TX


Daniel Rader, MD—Cooper-McClure Professor of Med-
cine, Director of Preventive Cardiovascular Medicine and
ipid Clinic, University of Pennsylvania, Philadelphia, PA
Rita Redberg, MD, FACC—Professor of Medicine,


niversity of California San Francisco, San Francisco, CA
U. Joseph Schoepf, MD, FAHA, FSCBT-MR,


SCCT—Professor of Radiology and Medicine, Director
f Cardiovascular Imaging, Medical University of South


arolina, Charleston, SC
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William Guy Weigold, MD, FACC—Director of CT,
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Jonathan Weinsaft, MD, FACC—Director of Cardiac
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William Weintraub, MD, FACC—Chief of Cardiology,
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Kim Allan Williams, MD, FACC, FAHA, FASNC—


hair, Division of Cardiology, Wayne State University
chool of Medicine, Detroit, MI


CCF Appropriate Use Criteria Task Force


ichael J. Wolk, MD, MACC—Chair, Task Force, Past
resident, American College of Cardiology Foundation and
linical Professor of Medicine, Weill-Cornell Medical
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Steven Bailey, MD, FACC, FSCAI—Chair, Division of


ardiology, Professor of Medicine and Radiology, Janey
riscoe Distinguished Chair, University of Texas Health
ciences Center, San Antonio, TX
Pamela S. Douglas, MD, MACC, FAHA, FASE—Past


resident, American College of Cardiology Foundation;
ast President, American Society of Echocardiography; and
rsula Geller Professor of Research in Cardiovascular
iseases and Chief, Cardiovascular Disease, Duke Univer-

ity Medical Center, Durham, NC F
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Manesh R. Patel, MD, FACC—Assistant Professor of
edicine, Division of Cardiology, Duke University Medi-
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Leslee Shaw, PhD, FACC, FASNC—Professor of Med-


cine, Emory University School of Medicine, Atlanta, GA
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PPENDIX D. ACCF/SCCT/ACR/AHA/ASE/ASNC/SCAI/SCMR 2010 CARDIAC COMPUTED TOMOGRAPHY
PPROPRIATE USE CRITERIA WRITING GROUP, TECHNICAL PANEL, TASK FORCE, AND INDICATION REVIEWERS—
ELATIONSHIPS WITH INDUSTRY AND OTHER ENTITIES (IN ALPHABETICAL ORDER)


Committee
Member


Research
Grant Speaker


Stock
Ownership Salary


Board of
Directors


Consulting Fees/
Honoraria


Expert
Witness


Cardiac Computed Tomography Use Criteria Writing Group


anuel
Cerqueira


● Perceptive
Informatics, Inc.


● GE Healthcare
● Astellas


None None None ● Astellas
● GE Healthcare
● MDS Nordion
● Siemens


None


ohn McB.
Hodgson


● Boston
Scientific


● RADI
● Volcano Corp


None ● Guardian
VPM


None None ● Volcano Corp ● Myocardial
infarct


● Review of
care
delivered to
patient with
prosthetic
valve
endocarditis


aniel Mark None None None None None None None


ames Min None ● GE Healthcare None None None None None


atrick O’Gara ● Lantheus None None None None None None


eoffery D.
Rubin


None None ● Terarecon None None ● Fovia
● Medtronic
● Trivascular 2


None


llen J. Taylor ● Abbott
● Resverlogix


None None None None ● Abbott None


Cardiac Computed Tomography Appropriate Use Criteria Technical Panel


aniel Berman ● Siemens
● GE/Amersham
● Astellas
● Lantheus


None None None None ● Bracco
● Cedars Sinai


Medical Center-
software royalties


● Floura Pharma
● Lantheus
● Spectrum


Dynamics


None


lan Brown ● Astellas
● GlaxoSmithKline
● Siemens


None None None None ● AstraZeneca
● Merck
● Merck/Schering-


Plough
● Pfizer
● Reliant


None


arooq A.
Chaudhry


● Lantheus ● Lantheus None None None None None


icardo C. Cury ● Astellas
Pharma


● Pfizer Inc.


None None None ● Society of
Cardiovascular
Computed
Tomography


● Astellas Pharma None


ilind Y. Desai None ● Philips None None None None None


ndrew J.
Einstein


● Spectrum
Dynamics


None None None None None None


ntoinette S.
Gomes


None None None None None None None
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Committee
Member


Research
Grant Speaker


Stock
Ownership Salary


Board of
Directors


Consulting Fees/
Honoraria


Expert
Witness


obert
Harrington


● AstraZeneca
● Bristol-Myers


Squibb
● GlaxoSmithKline
● Merck
● Millenium
● Portola
● Schering-Plough
● The Medicines


Company


None None None None ● AstraZeneca
● Baxter
● CSL Behring
● Eli Lilly
● Heart.org
● Luitpold
● Merck
● Novartis
● Otsuka Maryland


Research Institute
● Regado
● Schering-Plough
● WebMD


None


do Hoffmann None None None None None None None


ahul Khare None None None None None None None


hristopher M.
Kramer


● Astellas
● GlaxoSmithKline
● Siemens


None None None None None None


ohn Lesser None ● Siemens
Medical
Systems


None None None ● Vital Images None


hristopher
McGann


None None None None None None None


lan Rosenberg None None None ● WellPoint
Inc.


None None None


obert Schwartz None None None None None None None


arc Shelton None None None None None None None


erald W.
Smetana


None None ● Anvita
Health


None None None None


idney C. Smith,
Jr.


None None None None None None None


llen J. Taylor ● Abbott
● Resverlogix


None None None None ● Abbott None


Cardiac Computed Tomography Appropriate Use Criteria Task Force


oseph M. Allen None None None None None None None


teven Bailey ● Boston
Scientific
Corporation


● Data Safety
Monitoring
Board


None None None None ● Volcano None


amela S.
Douglas


● Abiomed
● Amgen
● Atritech
● Edwards


Lifesciences
● MAP


Pharmaceuticals
● Medtronic
● Osiris
● Viacor


None ● Cardio
DX


● Elsevier


None ● Translational
Research in
Oncology


● 23andME
● BG Medicine
● CancerGuideDX
● Heart.org
● Institute of


Medicine
● National Institutes


of Health
● Novartis
● Pappas Ventures
● Veterans


Administration
● WebMD
● Xceed Molecular


None
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Committee
Member


Research
Grant Speaker


Stock
Ownership Salary


Board of
Directors


Consulting Fees/
Honoraria


Expert
Witness


obert C.
Hendel


● GE Healthcare ● Astellas None None None ● PHx Health
● United Healthcare


None


hristopher M.
Kramer


● Astellas
● GlaxoSmithKline
● Siemens


None None None None None None


ames Min None ● GE Healthcare None None None None None


anesh R. Patel ● Genzyme None None None None None None


eslee Shaw ● Astellas
● Bracco


Diagnostics


None None None None None None


aymond F.
Stainback


None None None None None None None


ichael J. Wolk None None None None None None None


Cardiac Computed Tomography Appropriate Use Criteria Indication Reviewers


ichael Atalay None None None None None None None


atthew Budoff None ● General Electric None None None None ● CT scanning


racy Callister None ● GE Healthcare None None None None None


efferey Carr None None None None None None None


u Min Chang ● Lantheus
Imaging


None None None None None None


enjamin
Cheong


● Bracco Inc.
● St. Jude


Medical


None None None None None None


avitha
Chinnaiyan


● Bayer
Healthcare


None None None None None None


hilip Costello None None None None None None None


. Gordon
DePuey


None None None None None None None


ndrew J.
Einstein


● Spectrum
Dynamics


None None None None None None


ee Fleisher None None None None None ● AstraZeneca ● Preoperative
stroke


ario Garcia ● Spectrum
Dynamics


None ● Pfizer None ● Intersocietal
Accreditation
Council


● BG Medicine
● MD Imaging
● TheHeart.org


None


homas Gerber None None None None None None None


aymond
Gibbons


● Velomedix None None None None ● Cardiovascular
Clinical Studies


● Lantheus Medical
Imaging


● Medscape
(Heart.org)


● Molecular Insight
Pharmaceuticals


● TherOx (Women
Study)


None


arvey Hecht ● Philips Medical
Systems


● Philips Medical
Systems


None None None None None


ilena Henzlova None None ● Astellas None None None None
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Committee
Member


Research
Grant Speaker


Stock
Ownership Salary


Board of
Directors


Consulting Fees/
Honoraria


Expert
Witness


ill Jacobs ● Siemens
Medical


● GE Healthcare None None None None None


cott Jerome ● Astellas ● Astellas None None None None None


orman Kato None None None None None None None


ichard Kovacs None None None None None ● Abbott
● BG Medicine
● Biomedical


Systems
● Cook Inc-Med


Institute
● ECG Scanning


Services
● Eli Lilly
● Endocyte
● Essentials
● XenoPort


None


ichael Lauer None None None None None None None


ohn Mahmarian None None None None None None None


avid Malenka ● Abbott Vascular
● St. Jude


Medical
Foundation


None None None None None None


rederick A.
Masoudi


None None None ● American
College of
Cardiology


● Oklahoma
Foundation
for
Medical
Quality


None ● United Healthcare
(previous)


None


ulie Miller ● Toshiba Medical
Systems


None None None None None None


ebabrata
Mukherjee


None None None None None None None


eagan Murphy None None None None None None None


agat Narula None None None None None None None


ohn Nixon None None None None None None None


. Magnus
Ohman


● Bristol-Myers
Squibb


● CV Therapeutics
● Daiichi Sankyo
● Datascope
● Eli Lilly
● Sanofi-Aventis
● Schering-Plough
● The Medicines


Company


● Gilead Sciences None None None ● Abiomed
● AstraZeneca
● CV Therapeutics
● Datascope
● Gilead Sciences
● Liposcience
● Northpoint


Domain
● Pozen, Inc.
● Response


Biomedical
● The Medicines


Company
● WebMD


None


ichael H.
Picard


None None None None None None None


ichael Poon None None None None None None None
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Committee
Member


Research
Grant Speaker


Stock
Ownership Salary


Board of
Directors


Consulting Fees/
Honoraria


Expert
Witness


iguel Quinones None None None None None None None


aniel Rader ● Abbott
● AstraZeneca
● Bristol-Myers


Squibb
● Merck
● Otsuka


● AstraZeneca
● Merck/


Schering-Plough


● Merck None None ● Isis
Pharmaceuticals


None


ita Redberg None None None None None None None


. Joseph
Schoepf


● Bayer-Schering
● Bracco
● GE
● Medrad
● Siemens


● Bayer
● Bracco
● GE
● Medrad
● Merck
● Siemens


None None None ● Bayer-Schering
● Bracco
● GE
● Medrad
● Siemens


None


amuel Wann None None None None None None None


illiam Guy
Weigold


● Philips Medical
Systems


None None None None None None


onathan
Weinsaft


None None None None None None None


illiam
Weintraub


● Abbott
● AstraZeneca
● Bristol-Myers


Squibb
● Otsuka
● Sanofi-Aventis


None None None None ● AstraZeneca
● Bayer
● Bristol-Myers


Squibb
● Cardionet
● Eli Lilly
● Pfizer
● Sanofi-Aventis
● Shionogi


● Celebrex
litigation


● Quetiapine
litigation


im Allan
Williams


● Bristol-Myers
Squibb


● PGx Inc.


● Astellas None None None ● Astellas None


his table represents the relationships of the writing group, technical panel, task force, and indication reviewers with industry and other entities. These relationships were reviewed and updated in
onjunction with all meetings and/or conference calls of the writing committee and technical panel during the document development process. The table does not necessarily reflect relationships at
he time of publication. A person is deemed to have a significant interest in a business if the interest represents ownership of 5% or more of the voting stock or share of the business entity, or ownership


f $10 000 or more of the fair market value of the business entity; or if funds received by the person from the business entity exceed 5% of the person’s gross income for the previous year. A relationship


ships in

s considered to be modest if it is less than significant under the preceding definition. Relation


taff


merican College of Cardiology Foundation
ohn C. Lewin, MD, Chief Executive Officer
oseph M. Allen, MA, Director, TRIP (Translating Re-
earch Into Practice)
indsey Law, MHS, Senior Specialist, Appropriate Use
riteria
tarr Webb, MPH, Senior Specialist, Appropriate Use
riteria
rin A. Barrett, MPS, Senior Specialist, Science and
linical Policy
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