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of Acute Coronary Syndrome
Risk Stratification of Patients With Minimal Disease
or Normal Findings on Coronary Angiography
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Background: The prognostic implication of chest pain
associated with normal or near-normal findings on an-
giography is still unknown. We explored outcomes and
methods of risk stratification in patients with nonob-
structive coronary artery disease in the setting of non–
ST-segment elevation acute coronary syndromes.

Methods: Data were pooled from 3 Thrombolysis in
Myocardial Infarction (TIMI) trials (TIMI 11B, TIMI 16,
and TIMI 22). Angiographic data were available on 7656
patients with non–ST-segment elevation acute coronary
syndromes. The primary end point of this analysis was
the composite of the rates of death, myocardial infarc-
tion, unstable angina requiring rehospitalization, revas-
cularization, and stroke at 1-year follow-up. Outcomes
were evaluated by mean of the TIMI risk score for de-
veloping at least 1 component of the primary end point.

Results: Angiographic findings showed that 710 (9.1%)

of 7656 patients had nonobstructive coronary artery dis-
ease; 48.7% of these had normal coronary arteries (0%
stenosis), and 51.3% had mild coronary artery disease
(�0% to �50% stenosis). A primary end-point event oc-
curred in 101 patients (12.1%). It is noteworthy that a
2% event rate of deaths and myocardial infarctions had
occurred in these patients at the 1-year follow-up. Event
rates of death and myocardial infarction increased sig-
nificantly as the TIMI risk score increased from 0.6% for
a score of 1 to 4.0% for a score greater than 4.

Conclusions: Patients with non–ST-segment elevation
acute coronary syndromes with nonobstructive coro-
nary artery disease detected by angiography have a sub-
stantial risk of subsequent coronary events within 1 year.
The risk is not univariately high, and the TIMI risk score
helps to reveal patients at high risk.
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I N CLINICAL PRACTICE, CHEST PAIN

in the presence of non-obstruc-
tive coronary artery disease (CAD)
remains an unsolved problem.1,2

Thousands of patients are told that
they have no significant heart disease fol-
lowing demonstration of normal or near-
normal arteries on coronary angiography
and often are offered no treatment beyond
reassurance.3-6 Physicians agonize end-
lessly over the discrepancy between ob-
served and expected angiographic findings
in the subset of patients at greater risk,
namely, those presenting with acute coro-
nary syndromes (ACS). Their consterna-
tion is largely justified;ACSmayresult from
disruption of modestly stenotic vulnerable
plaques, is often not detectable by angiog-
raphy, and may lead to thrombotic compli-
cation.7,8 However, available outcome data
are limited to a few cohort studies that used
special tests are not routinelyemployed, (ie,
intravascular ultrasonography9 and intra-
coronary acetylcholine testing).10-13

The aims of this study were (1) to evalu-
ate outcomes at the 1-year follow-up of pa-
tients without critical coronary stenosis as

assessed by routine angiography in a large
cohort of patients with non–ST-segment
elevation (NSTE)–ACS drawn from inter-
national multicenter trials and (2) to evalu-
ate the relative importance of simple clini-
cal and biochemical variables in the risk
stratification of these patients.

METHODS

DATA SOURCES

Because no published clinical trials on ACS pro-
vided outcome data sorted by angiographic
groups (those with obstructive CAD vs those
with nonobstructive CAD), we contacted 4 au-
thors regarding 7 studies14-20 and received data
from 3 studies: the Thrombolysis in Myocar-
dial Infarction (TIMI) 11B, Orbofiban in Pa-
tients with Unstable coronary Syndromes
(OPUS)-TIMI 16, and PRavastatin Or atorVas-
tatin Evaluation and Infection Therapy (PROVE
IT)-TIMI 22 trials.15,16,20

STUDY POPULATION

The study design and the main results of the TIMI
11B, OPUS–TIMI 16, and PROVE IT–TIMI 22
trials have been previously reported.15,16,20 These
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trials have similar inclusion criteria. In brief, the TIMI 11B trial
enrolled 3910 patients (from 1996 to 1998) to determine whether
treatment with enoxaparin sodium was superior to treatment with
unfractionated heparin. All patients were required to have had
ischemic discomfort of at least 5 minutes’ duration at rest within
24 hours before randomization. The OPUS–TIMI 16 trial en-
rolled 10 302 patients (from 1997 to 1998) to study an oral gly-
coprotein IIb/IIIa inhibitor in the long-term treatment outcome
of ACS. Inclusion criteria were ischemic discomfort at rest last-
ing 5 minutes, with onset within 72 hours of randomization. The
PROVE IT–TIMI 22 trial enrolled 4162 patients (from 2000 to
2001) to establish the effect of intensive therapy vs standard statin
therapy. To be included in the study, a patient had to have been
hospitalized for acute myocardial infarction or ischemic discom-
fort lasting at least 15 minutes within the preceding 10 days. Clini-
cal data were pooled from the 3 trials for all patients with NSTE-
ACS for whom angiographic data were available. Patients with
prior percutaneous coronary intervention or those who had had
bypass surgerywereexcluded.Weperformedanexploratoryanaly-
sis on outcomes at the 1-year follow-up. Angiographic assess-
ments were performed at the local level.

The primary end point of this analysis was the composite
of the rates of death, myocardial infarction, stroke, revascular-
ization, and unstable angina requiring rehospitalization. End
points were mutually exclusive and hierarchical as listed in the
previous paragraph. By hierarchical, we mean that death, when-
ever it occurred in the study time frame, displaced any earlier
nonfatal events.

TIMI RISK SCORE

The TIMI risk score for patients with NSTE-ACS is a risk as-
sessment tool comprised of 7 independent clinical risk indica-
tors that are evaluated at presentation.21 The 7 predictor vari-
ables are age older than 65 years, 3 cardiovascular risk factors
(family history of coronary disease, diabetes mellitus, hyper-
tension, hypercholesterolemia, or current smoking), previous
CAD (�50% stenosis at angiography), severe anginal symp-
toms (2 episodes in preceding 24 hours), use of aspirin in the
last 7 days, ST-segment deviation greater than 0.05 mV, and
elevated concentrations of serum cardiac markers of necrosis.
For each patient, the score is calculated as the simple sum of
the number of risk indicators that are present (range, 0-7). Cut-
off points for positive biomarkers were 0.01 ng/mL for cardiac
troponin T and 0.1 ng/mL for troponin I.19

In our study, the highest TIMI risk score was only 6, be-
cause 1 component (stenosis �50% at angiography) was 0 by
definition in patients without obstructive lesions.

STATISTICAL ANALYSIS

Patients with nonobstructive CAD were grouped as those with
normal findings on angiography (0% lumen stenosis in all ves-
sels) and those with mild CAD (�0% but �50% lumen steno-
sis). We used adjusted baseline models to determine whether dif-
ferences between groups were independent. Statistical testing was
performed with the �2 test for categorical variables and the Wil-
coxon rank sum test for continuous variables. Estimates of the
hazard ratios and associated 95% confidence intervals were ob-
tained with the use of the Cox proportional hazards model.

Data were analyzed by the TIMI Data Coordinating Center
(Brigham and Women’s Hospital and Harvard Medical School,
Boston, Mass), which also handled our queries.

RESULTS

Angiographic data were available for 7656 patients with
NSTE-ACS. A total of 6955 patients had obstructive CAD,
and 701 (9.1%) had nonobstructive CAD (48.7% with
normal coronary arteries and 51.3% with mild CAD).

The Kaplan-Meier estimates of 1-year event rates for pa-
tients with obstructive lesions were 3.9% for deaths, 6.9%
for nonfatal myocardial infarction, 11.2% for either myo-
cardial infarction or death, 12.8% for revascularization,
18.8% for unstable angina requiring rehospitalization, 1.1%
for stroke, and 32.7% for composite cardiovascular events.

OUTCOME OF PATIENTS WITH
NONOBSTRUCTIVE CAD

The Kaplan-Meier event rates for the primary end points
are shown in Table 1. In the overall population with
nonobstructive CAD, recurrent ischemia was the most
frequent end point (10.1%). Death and myocardial in-
farction occurred in 2.1% of patients. In angiographic sub-
groups, the primary end points occurred in 15.1% of pa-
tients with mild CAD and in 9.4% of those with normal
findings on angiography (P�.05). Patients with mild CAD
were more likely to have undergone revascularization dur-
ing 1-year follow-up (1.6% vs 0%, P=.02). Death, non-
fatal myocardial infarction, and unstable angina requir-
ing rehospitalization occurred less frequently in the group
with normal findings on angiography than in the group

Table 1. Clinical Event Rates At 1-Year Follow-up by Presence or Absence of Obstructive Coronary Artery Disease (CAD)
on Angiography in the PROVE IT–TIMI 22, OPUS–TIMI 16, and TIMI 11B Trials

Type of Event
Patients With Nonobstructive CAD

(n = 701), %

Patients With Nonobstructive CAD, %

P
Value*

Mild CAD
(n = 355)

Normal Findings
(n = 346)

Death 1.0 1.6 0.6 .33
MI 1.2 1.6 0.9 .59
Death or MI 2.1 3.3 1.2 .25
Revascularization 0.8 1.6 0 .02
Unstable angina 10.1 12.0 8.4 .15
Stroke 0 0 0 NA
Primary end point† 12.1 15.1 9.4 .05

Abbreviations: MI, myocardial infarction; OPUS, Orbofiban in Patients with Unstable coronary Syndromes; NA, not applicable; PROVE IT, PRavastatin Or
atorVastatin Evaluation and Infection Therapy; TIMI, thrombolysis in myocardial infarction.

*P value for comparison between mild CAD and normal findings on angiography.
†Death, MI, revascularization, unstable angina, or stroke.
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with mild CAD, but the differences were not statisti-
cally significant. The Figure shows the primary end-
point event rate in patients with normal findings on an-
giography and those with mild CAD at 7, 30, and 180
days and at the 1-year follow-up. The difference was sig-
nificant (P�.05) only at the 1-year follow-up.

CLINICAL CHARACTERISTICS VS OUTCOME

A primary end-point event at 1-year follow-up occurred
in 75 patients. Patients with and without a primary end-
point event matched well with regard to age, sex, risk fac-
tors, and treatment of the index event (Table 2). Pres-
ence of ST-segment deviation and biochemical markers
was not significantly different. There was a higher inci-
dence of unstable angina as the index event in patients
with the primary end point (P�.05). Patients in whom
the primary end point did not subsequently develop were
more likely to have a TIMI risk score of 0 to 2 (P=.003).

DISCRIMINATION OF TIMI RISK SCORE
FOR THE COMBINED END POINT

The analysis excluded patients with missing values for as-
sessing the TIMI risk score. Of the 710 patients with NSTE-
ACS, 665 were eligible for TIMI risk score evaluation.

Most (65%) of the patients with nonobstructive CAD
had a score ranging from 1 to 3. Because of the small num-
ber of patients with very high risk scores, those with a score
of 4 or higher were combined. Event rates (Table 3) of
patients with nonobstructive CAD increased significantly
as the TIMI risk score increased from 4.9% for a score of 0
to 14.7% for a score of 4 or higher than 4 (P�.01). Rates
for death and myocardial infarction ranged from 0.6% for
a score of 1 to 4.1% for a score of 4 or higher than 4 (P�.05).

COMMENT

The assumption that nonobstructive CAD carries a good
prognosis is not based on hard data, and, to our knowl-
edge, this is the first examination of it in a large study.3-6

The study described herein demonstrates that the as-
sumption turns out to be incorrect, at least in those pa-
tients presenting with an ACS.

We performed a post hoc analysis of 3 published ran-
domized clinical trials (TIMI 11B, OPUS–TIMI 16, and
PROVE IT–TIMI 22), involving 7656 patients with NSTE-
ACS for whom angiographic data were available.

The prevalence of nonobstructive CAD in this popula-
tion with ACS was 9.1%. Slightly more than half of the 701
affected patients had mild CAD (defined as those with less
than 50% stenosis, whereas the remainder had normal,
smooth coronary arteries found on angiography. The pri-
mary outcome measure was the combined 1-year rates of
death, myocardial infarction, unstable angina requiring re-
hospitalization, revascularization, and stroke. The inci-
dence rate of events was 9.4% in patients with ACS and with
normal arteries found on angiography and 15.5% in those
with less than 50% stenosis. Even more disturbing, how-
ever, were the rates of the most serious outcomes, death
and myocardial infarction. The overall incidence was 2.1%
at 1 year, with a 1.2% rate among patients with normal coro-
nary arteries found on angiography and 3.3% in those with
mild CAD. These findings are not in agreement with the
notion that chest pain with normal or near-normal find-
ings on coronary angiography implies benign prognosis,
at least in those patients presenting with ACS.

Because the event rate of patients with nonobstruc-
tive CAD was very high, physicians should classify vir-
tually every patient admitted with a clinical diagnosis of
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Figure. Primary end-point event rate for 710 patents with non–ST-segment
elevation acute coronary syndromes despite mild coronary artery disease
(CAD) or normal findings on angiography at 7, 30, and 180 days, and at
1-year follow-up.

Table 2. Baseline Characteristics According to Presence
or Absence of a Primary End Point in Patients With
Nonobstructive Coronary Artery Disease in the
PROVE IT–TIMI 22, OPUS–TIMI 16, and TIMI 11B Trials

Characteristic

Patients
With Primary

End Point
(n = 75)*

Patients
Without a Primary

End Point*
(n = 626)

P
Value

Male 38.7 47.9 .13
Age, mean (SD), y 58.2 (11.1) 57.1 (11.8) .42
White race 84.0 84.7 .88
History of diabetes 14.7 14.5 .98
History of hypertension 53.3 45.1 .17
Current smoker 26.7 30.9 .45
Prior myocardial infarction 8.0 9.0 .79
History of PAD 4.0 2.7 .46
Drug for management

of qualifying event
Aspirin 94.2 96.9 .24
�-Blocker 69.6 63.9 .36
ACE-I 26.1 26.3 .97
Index event .04

NSTE-MI 18.2 30.1
UA 81.8 69.9

TIMI risk score† .003
0-2 50.0 67.0
�3 50.0 33.0

Elevated cardiac markers 29.7 41.0 .06
ST-deviation 68.0 57.8 .09

Abbreviations: ACE-I, angiotensin converting enzyme inhibitors; ACS,
acute coronary syndromes; MI, myocardial infarction; NSTE,
non–ST-segment elevation; OPUS, Orbofiban in Patients with Unstable
coronary Syndromes; PAD, peripheral artery disease; PROVE IT, PRavastatin
Or atorVastatin Evaluation and Infection Therapy; TIMI, thrombolysis in
myocardial infarction; UA, unstable angina.

*Data are given as percentages except where noted.
†Of the 710 patients with unstable angina and NSTE-MI, 665 were eligible

for TIMI risk score evaluation.
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ACS to a disease category, even if the angiographic evalu-
ation is absolutely negative. We fear that the potential
perplexity that this message might cause among pri-
mary care physicians is considerable and deserves some
considerations.

First, this study is a retrospective analysis of patients
with ACS rather than stable CAD and thus is not com-
parable with similar series reported in previous articles
on chest pain with normal or near-normal findings on
angiography.3-6 An acute coronary event marks a pa-
tient for a long-term high risk of recurrence, indepen-
dent of what the coronary anatomy ultimately looks like.22

Second, in ACS the event rate of patients without ob-
structive CAD is high, but these patients have a rela-
tively lower incidence of events compared with patients
whose diagnosis fits the definition of obstructive CAD
in the same clinical setting. Angiographic findings, there-
fore, remain one of the important determinants of prog-
nosis. Third, our data do not suggest that all patients with
a diagnosis of nonobstructive CAD are at high risk of sub-
sequent cardiac ischemic events. Conversely, it rein-
forces the idea that patients with nonobstructive CAD
are a rather heterogeneous population. Patients with
NSTE-ACS and nonobstructive CAD may have a wide
spectrum of risk for cardiac ischemic events, and they
would benefit from methods of risk stratification.

To date, attempts to risk stratify such patients have
mainly focused on special investigations not routinely
used, such as intravascular ultrasonography9 or endo-
thelial function testing.10-13 Available outcome data with
these relatively new techniques are limited to a few co-
hort studies and need further evaluation.

In the study described herein, ACS patients with non-
obstructive CAD with and without a primary study end
point were evenly matched in terms of baseline demo-
graphic characteristics as well as treatment. There was a
higher incidence of unstable angina as the index event
and a higher prevalence of TIMI risk scores of 3 or higher
in patients with the primary end point. The TIMI risk
score was derived and validated in a selected random-
ized trial population of patients with unstable angina and
myocardial infarction without ST-segment elevation.21

When we applied the TIMI risk score to the 665 eligible

patients, the associated 1-year risk rate of death or non-
fatal myocardial infarction climbed from 0.6% (in those
with a TIMI score of 1) to 4.1% (in those with a score of
4 or higher). The 0.6% rate in death or myocardial in-
farction seen in patients with a TIMI score of 1 is the ex-
pected rate in the general population of low-risk asymp-
tomatic subjects.23 An event rate of 2.8% (TIMI score of
3) to 4.1% (TIMI score of 4) for death and myocardial
infarction at 1-year follow-up is unacceptably high for
this supposedly low-risk population.

Although elevated concentrations of serum cardiac
markers and the presence of electrocardiographic changes
are considered to be excellent risk stratification tools in
the appropriate clinical setting, little is known about their
prognostic value for patients without obstructive CAD.
Previous studies on this issue were small (fewer than 110
patients) and had low statistical power (fewer than 5 end
points).24,25

In our study, a large percentage (40% [278 of 701])
of patients showed elevated cardiac biomarkers. As well,
many patients (412 [59%] of 701) showed electrocar-
diographic changes. Comparing patients who did have
vs those who did not have subsequent coronary events,
the former were more likely to have electrocardio-
graphic changes (68.8 vs 57.8%) but not to have more
elevated serum cardiac markers.

The present analysis, therefore, highlights the prin-
ciple that no single variable can accurately predict the
risk for nonobstructive CAD in patients with NSTE-
ACS. In this subset of patients, biochemical markers of
myocardial injury, such as troponin T, and troponin I,
are valuable only in combination with electrocardio-
graphic findings and clinical features. Accordingly, the
TIMI risk score has a greater statistical power in dis-
criminating patients who are having vs those who are not
having subsequent coronary events.

Although we have described angiographically occult
CAD as a potential mechanism for coronary events in pa-
tients with ACS and normal or near-normal findings on car-
diac angiography, consideration also should be given to
other causes such as angiograms that are inadequate or mis-
interpreted by visual analysis, myocardial infarction caused
by coronary spasm,26 microembolization,27 and a misdiag-

Table 3. Clinical Events at 1-Year Follow-up* and TIMI Risk Scores in Patients With Angiography Findings of NSTE-ACS
in the PROVE IT–TIMI 22, OPUS–TIMI 16, and TIMI 11B Trials

Type of Event

TIMI Risk Score (Range, 0-6), %

0
(n = 42)

1
(n = 163)

2
(n = 230)

3
(n = 155)

�4
(n = 75)

P
Value†

Death 0 0 1.2 2.1 1.4 .12
MI 0 0.6 1.2 1.5 2.7 .16
Death and MI 0 0.6 1.2 2.8 4.1 .03
Revascularization 0 1.3 1.4 0 0 .29
Unstable angina 4.9 5.8 10.3 15.7 12.2 .006
Stroke 0 0 0 0 0 . . .
Primary end point‡ 4.9 7.7 12.6 17.7 14.7 .005

Abbreviation: MI, myocardial infarction; NSTE-ACS, non–ST-segment elevation acute coronary syndrome; OPUS, Orbofiban in Patients with Unstable coronary
Syndromes; PROVE IT, PRavastatin Or atorVastatin Evaluation and Infection Therapy; TIMI, thrombolysis in myocardial infarction.

*Kaplan-Meier rates.
†P value for trend.
‡Death, MI, revascularization, unstable angina, or stroke.
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nosis of ACS in patients with a variety of different clinical
entities, such as myocarditis28 and Takatsubo cardiopa-
thy,29 among others. Obviously, the same diagnostic un-
certainties may affect those patients diagnosed as having
obstructive CAD and the overall populations of the ACS
trials. We do not have data to quantify the relative contri-
bution of these factors. However, queries about the use of
angiography by visual estimation seem to be clinically ir-
relevant. No matter how precisely measured, the angio-
gram of a complex lesion poorly represents the real lumen
size.30 Accordingly, interpretation of angiography by vi-
sual analysis is still considered by most catheter laborato-
ries to be the gold standard for defining coronary anatomy
and represents, therefore, the real clinical world.

Some limitations must be noted. First, clinical trials
usually select high-risk patients. The 3 TIMI trials en-
rolled a population of patients presenting with classic,
typical, ischemic discomfort at rest. Patients are more likely
to experience subsequent coronary events if they pre-
sent typically.31 Therefore it could be asked whether the
rate of events would be the same in an unselected popu-
lation of patients who are representative of general clini-
cal practice. Most patients in the general population are
different. Admissions are often related to atypical symp-
toms of chest pain and continued seeking of medical care.
Second, the decision to perform coronary angiography
was performed at the local level. It is not known whether
there was any bias in the referral pattern.

In conclusion, patients presenting with typical symp-
toms of ACS but without critical obstruction on visual
angiography have a prognosis that is not as benign as pre-
viously thought. Although the mean risk was high even
for death and myocardial infarction (2.1% after 1 year),
most events were driven by repeated admission for un-
stable angina (10.1%). The risk is not univariately high,
and thus the TIMI risk score helps to predict the likeli-
hood of patients to develop coronary events.

Accepted for Publication: April 16, 2006.
Correspondence: Raffaele Bugiardini, MD, Diparti-
mento di Medicina Interna, Cardioangiologia, Epatolo-
gia (Padiglione 11), University Alma Mater of Bologna,
Via Massarenti 9, 40138 Bologna, Italy (raffaele.bugiardini
@unibo.it).
Financial Disclosure: None reported.

REFERENCES

1. Cannon RO III. Chest pain with normal coronary angiograms. N Engl J Med. 1993;
328:1706-1708.

2. Bugiardini R, Bairey Merz CN. Angina with “normal” coronary arteries: a chang-
ing philosophy. JAMA. 2005;293:477-484.

3. Kemp HG, Kronmal RA, Vlietstra RE, Frye RL. Seven years survival of patients
with normal or near normal coronary arteriograms: a CASS Registry study. J Am
Coll Cardiol. 1986;7:479-483.

4. Papanicolaou MN, Califf RM, Hlatky MA, et al. Prognostic implications of angio-
graphically normal and insignificantly narrowed coronary arteries. Am J Cardiol.
1986;58:1181-1187.

5. Lichtlen PR, Bargheer K, Wenzlaff P. Long-term prognosis of patients with an-
ginalike chest pain and normal coronary angiographic findings. J Am Coll Cardiol.
1995;25:1013-1018.

6. Pitts WR, Lange RA, Cigarroa JE, Hillis LD. Repeat coronary angiography in pa-
tients with chest pain and previously normal coronary angiogram. Am J Cardiol.
1997;80:1086-1087.

7. Fuster V. Lewis A. Conner Memorial Lecture. Mechanisms leading to myocar-

dial infarction: insights from studies of vascular biology. Circulation. 1994;
90:2126-2146.

8. Little WC, Constantinescu M, Applegate RJ, et al. Can arteriography predict the
site of a subsequent myocardial infarction in patients with mild-to-moderate coro-
nary artery disease? Circulation. 1988;78:1157-1166.

9. Ge J, Erbel R, Gerber T, et al. Intravascular ultrasound imaging of angiographi-
cally normal coronary arteries: a prospective study in vivo. Br Heart J. 1994;
71:572-578.

10. Suwaidi JA, Hamasaki S, Higano ST, Nishimura RA, Holmes DR Jr, Lerman A.
Long-term follow-up of patients with mild coronary artery disease and endothe-
lial dysfunction. Circulation. 2000;101:948-954.

11. Halcox JP, Schenke WH, Zalos G, et al. Prognostic value of coronary vascular
endothelial dysfunction. Circulation. 2002;106:653-658.

12. von Mering GO, Arant CB, Wessel TR, et al; National Heart, Lung, and Blood In-
stitute. Abnormal coronary vasomotion as a prognostic indicator of cardiovas-
cular events in women: results from the National Heart, Lung, and Blood Institute-
Sponsored Women’s Ischemia Syndrome Evaluation (WISE). Circulation. 2004;
109:722-725.

13. Bugiardini R, Manfrini O, Pizzi C, Fontana F, Morgagni G. Endothelial function
predicts future development of coronary artery disease: a study on women with
chest pain and normal angiograms. Circulation. 2004;109:2518-2523.

14. Lindahl B, Venge P, Wallentin L, for the FRISC study group. Relation between
troponin T and the risk of subsequent cardiac events in unstable coronary artery
disease. Circulation. 1996;93:1651-1657.

15. Antman EM, McCabe CH, Gurfinkel EP, et al. Enoxaparin prevents death and car-
diac ischemic events in unstable angina/non–Q wave myocardial infarction: re-
sults of the TIMI 11B trial. Circulation. 1999;100:1593-1601.

16. Cannon CP, McCabe CH, Wilcox RG, et al. Oral glycoprotein IIb/IIIa inhibition
with orbofiban in patients with unstable coronary syndromes (OPUS-TIMI 16)
trial. Circulation. 2000;102:149-156.

17. Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to aspirin in
patients with acute coronary syndromes without ST-segment elevation. N Engl
J Med. 2001;345:494-502.

18. Schwartz GG, Olsson AG, Ezekowitz MD, et al; Myocardial Ischemia Reduction
with Aggressive Cholesterol Lowering (MIRACL) Study Investigators. Effects of
atorvastatin on early recurrent ischemic events in acute coronary syndromes:
the MIRACL study: a randomized controlled trial. JAMA. 2001;285:1711-1718.

19. Morrow DA, Cannon CP, Rifai N, et al; TACTICS-TIMI 18 Investigators. Ability of
minor elevations of troponins I and T to predict benefit from an early invasive
strategy in patients with unstable angina and non-ST-elevation myocardial in-
farction: results from a randomized trial. JAMA. 2001;286:2405-2412.

20. Cannon CP, Braunwald E, McCabe CH, et al; Pravastatin or Atorvastatin Evalu-
ation and Infection Therapy-Thrombolysis in Myocardial Infarction 22 Investi-
gators. Intensive versus moderate lipid lowering with statins after acute coro-
nary syndromes. N Engl J Med. 2004;350:1495-1504.

21. Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/
non-ST elevation MI: a method for prognostication and therapeutic decision making.
JAMA. 2000;284:835-842.

22. Reiner JS, Lundergan CF, van den Brand M, et al; GUSTO Angiographic Inves-
tigators. Early angiography cannot predict post-thrombotic coronary reocclu-
sion: observations from the GUSTO Angiographic Study. J Am Coll Cardiol. 1994;
24:1439-1444.

23. British Cardiac Society, British Hyperlipidaemia Association, British Hyperten-
sion Society, British Diabetic Association. Joint British recommendations on pre-
vention of coronary heart disease in clinical practice: summary [published cor-
rection appears in BMJ. 2001;323:780]. BMJ. 2000;320:705-708.

24. Diver DJ, Bier JD, Ferreira PE, et al. Clinical and arteriographic characterization
of patients with unstable angina without critical coronary arterial narrowing (from
the TIMI-IIIA Trial). Am J Cardiol. 1994;74:531-537.

25. Dokainish H, Pillai M, Murphy SA, et al; TACTICS-TIMI-18 Investigators. Prog-
nostic implications of elevated troponin in patients with suspected acute coro-
nary syndrome but no critical epicardial coronary disease: a TACTICS-TIMI-18
substudy. J Am Coll Cardiol. 2005;45:19-24.

26. MacAlpin RN. Cardiac arrest and sudden unexpected death in variant angina: com-
plications of coronary spasm that can occur in the absence of severe organic
coronary stenosis. Am Heart J. 1993;125:1011-1017.

27. Erbel R, Heusch G. Coronary microembolization. J Am Coll Cardiol. 2000;
36:22-24.

28. Millaire A, de Groote P, Decoulx E, Leroy O, Ducloux G. Outcome after throm-
bolytic therapy of nine cases of myopericarditis misdiagnosed as myocardial
infarction. Eur Heart J. 1995;16:333-338.

29. Tsuchihashi K, Ueshima K, Uchida T, et al. Transient left ventricular apical bal-
looning without coronary artery stenosis: a novel heart syndrome mimicking acute
myocardial infarction: angina pectoris-myocardial infarction investigations in Japan.
J Am Coll Cardiol. 2001;38:11-18.

30. Topol EJ, Nissen SE. Our preoccupation with coronary luminology: the disso-
ciation between clinical and angiographic findings in ischemic heart disease.
Circulation. 1995;92:2333-2342.

31. Milner KA, Funk M, Arnold A, Vaccarino V. Typical symptoms are predictive of
acute coronary syndromes in women. Am Heart J. 2002;143:283-288.

(REPRINTED) ARCH INTERN MED/ VOL 166, JULY 10, 2006 WWW.ARCHINTERNMED.COM
1395

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


