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Early Echocardiography Can Predict Cardiac

Events in Emergency Department Patients With

Chest Pain

Study objective: Accurate diagnosis in emergency department
patients with possible myocardial ischemia is problematic. Two-
dimensional echocardiography has a high sensitivity for identifying
patients with myocardial infarction (MI); however, few studies
have investigated its diagnostic ability when used acutely in ED
patients with possible myocardial ischemia. Therefore we inves-
tigated the ability of ED echocardiography for predicting cardiac
events in patients with possible myocardial ischemia.

Methods: Echocardiography was performed within 4 hours of
ED presentation in 260 patients with possible myocardial ischemia,
and was considered positive if there were segmental wall motion
abnormalities or the ejection fraction was less than 40%. ECGs
were considered abnormal if there was an ST-segment elevation
or depression of greater than or equal to 1 mm, or ischemic T-wave
inversion. Cardiac events included MI and revascularization.

Results: Of the 260 patients studied, 45 had cardiac events (23
MI, 19 percutaneous transluminal angioplasty, 3 coronary bypass
surgery). The sensitivity of echocardiography for predicting cardiac
events was 91% (95% confidence interval 79% to 97%]), which
was significantly higher than the ECG (40% [95% CI 27% to 55%];
P<.0001), although specificity was lower (75% [95% CI 69% to
81%] versus 94% [95% CI 90% to 97%]; P<.001). Addition of the
echocardiography results to baseline clinical variables and the
ECG added significant incremental diagnostic value (P<.0001).
With use of multivariate analysis, only male gender (P<.03, odds
ratio [OR] 2.4 [1.1 to 5.3]), and a positive echocardiographic find-
ing (P<.0001, OR 24 [9 to 65]) predicted cardiac events. Excluding
patients with abnormal ECGs (N=30) did not affect sensitivity
(85%) or specificity (74%) of echocardiography.

Conclusion: Echocardiography performed in ED patients with
possible myocardial ischemia identifies those who will have car-
diac events, is more sensitive than the ECG, and has significant
incremental value when added to baseline clinical variables and
the ECG.
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Further evaluation was completed using a previously
described diagnostic and triage protocol.11 In brief, high-
risk patients were admitted to the CCU for exclusion of
MI. Moderate-risk patients were admitted for a “fast-track
rule-in” protocol after undergoing rest myocardial perfusion
imaging with technetium-99m sestamibi (Dupont Pharma).
Low-risk patients underwent rest perfusion imaging in the
ED. Those with negative results after rest perfusion imaging
were discharged and scheduled to return for follow-up
stress testing within the next 48 hours, whereas those with
positive results after rest perfusion imaging were admitted
to the CCU. All admitted patients underwent serial myo-
cardial marker sampling. Additional diagnostic evaluation
was left to the discretion of the CCU attending physician.

Echocardiography
Two-dimensional echocardiograms were obtained

(Hewlett-Packard model 500, 1000, or 1500 ultrasound
systems, Palo Alto, California) by a cardiology fellow or
trained cardiac sonographer within 4 hours of the patients’
arrival in the ED. Parasternal long- and short-axis, and two-
and four-chamber views were recorded on .5-inch VHS
videotape and were later interpreted by two experienced
echocardiographers blinded to patients’ clinical status and
outcome. Patients were excluded if two or more of the four
views were not interpretable. A wall motion score index
(WMSI) was calculated according to a 16-segment wall
motion score system,12 and ejection fraction was visually
estimated. Echocardiographic findings were considered
positive if they showed the following: (1) abnormal wall
motion of two or more contiguous segments, (2) abnormal
wall motion of one segment visible in two different views,
or (3) global hypokinesis with an estimated ejection fraction
less than 40%. The few disagreements between the two
echocardiographers were resolved by a third echocardiog-
rapher. All physicians involved in the care of the patient
were blinded to the echocardiography results.

Endpoints and Definitions
Endpoints included MI and revascularization (percuta-

neous transluminal coronary angioplasty [PTCA] or coronary
artery bypass surgery [CABG]) during the initial hospital
evaluation. Long-term cardiac endpoints included cardiac
death or MI more than 1 week after the initial evaluation.
Cardiac death was defined as death as a result of MI, arrhyth-
mia, or an unexpected death of unknown cause. Long-term
cardiac endpoints were assessed by chart review, scripted
telephone interviews, and death registry data from the
Virginia Division of Health Statistics.

ECGs were considered abnormal if they revealed 1 mm
or more of ST-segment elevation or depression in two con-

[Kontos MC, Arrowood JA, Paulsen WHJ, Nixon JV: Early echo-
cardiography can predict cardiac events in emergency department
patients with chest pain. Ann Emerg Med May 1998;31:550-557.]

I N T R O D U C T I O N

Each year more than 5 million patients are evaluated in
emergency departments for chest pain or other symptoms
suggestive of myocardial ischemia.1 Because of the limita-
tions of historical, physical, and ECG data, many of these
patients are admitted to the hospital, although the majority
are later determined to have nonischemic causes of their
symptoms.2 Despite this low threshold for admission, up
to 8% of patients with acute myocardial infarction (MI) are
discharged to home,3,4 with a significant associated mortal-
ity rate.3 Although some of the inadvertently discharged
patients have ongoing infarction, others may have unstable
angina that subsequently evolves into MI. The significant
short-term risk for cardiac morbidity and mortality associ-
ated with unstable angina underscores the importance of
identifying these patients.5,6

Previous studies have demonstrated that two-dimen-
sional echocardiography is a sensitive tool for identifying
patients with MI.7-9 However, there are limited data on the
use of early echocardiography in patients with ischemia
without MI.10 The objectives of this study were as follows:
(1) to investigate the ability of ED echocardiography to
identify patients at risk for cardiac events, (2) to determine
the accuracy in patients without abnormal ECGs, and (3)
to determine whether echocardiography provides incre-
mental diagnostic information when added to historical and
ECG variables.

M E T H O D S

All patients presenting to our ED with chest pain or other
symptoms suggestive of myocardial ischemia underwent
an evaluation by housestaff and attending physicians that
included a history, physical examination, and ECG. If, after
the initial evaluation, the emergency physician thought that
myocardial ischemia was a possible cause for the presenting
symptoms, the patient was treated according to a diagnos-
tic pathway. This study included consecutive patients evalu-
ated between 7 AM and 7 PM weekdays. All patients gave
informed consent, and the study was approved by the Com-
mittee on the Conduct of Human Research. All patients who
were approached for study enrollment agreed to participate;
the few patients (<2%) who did not undergo echocardiog-
raphy were excluded because of the inability to perform the
echocardiogram in a timely fashion.



cardiogram, clinical variables were considered as a group.
Subsequently the ECG and the echocardiographic results
were entered. The incremental diagnostic value was deter-
mined by significant changes in the likelihood ratio test.

R E S U L T S

From August 1994 to December 1994, 598 patients were
evaluated in the ED for possible myocardial ischemia or
infarction, of whom 262 (43%) had early echocardiography
performed as part of the study protocol. Two (.7%) studies
were uninterpretable and were excluded, leaving 260 patients
who formed the study cohort. The 336 patients who did
not undergo echocardiography had similar baseline clinical
characteristics and outcomes, including age (53±15 versus
54±14 years), male gender (48% versus 51%), number of
risk factors (1.6±1.1 versus 1.6±1.1), and the incidence of
MI (8.3% versus 9.0%) or revascularization (7.4% versus
8.0%).

Patient Characteristics With and Without Events
Forty-five patients (17%) had cardiac events. Events

occurred in 35 of the 76 patients initially considered high-
risk, 7 of the 49 moderate-risk, and 3 of the 135 low-risk
patients. Myocardial infarction occurred in 23, 13 of whom
presented with ST-segment elevation. Revascularization was
performed in an additional 22 (2 CABG, 20 PTCA). Two
patients died of complications related to acute MI during
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tiguous leads, or ischemic T-wave inversion. Myocardial
infarction was confirmed if at least two of the following were
present: symptoms consistent with myocardial ischemia,
evolving diagnostic ECG changes, or elevation of the crea-
tine kinase–MB (CK-MB) isoenzyme subunit concentration
greater than or equal to 8.0 ng/dL with a relative index of
4.0 or more (relative index=[CK-MB/total CK]×100). Typi-
cal symptoms included chest pain described as chest pres-
sure, tightness, burning, heaviness, squeezing, crushing, or
indigestion, shortness of breath, and symptoms similar to
prior angina or infarction. Only the initial visit was used
for patients presenting more than once during the study
period.

Statistical Analysis
Results are presented as mean±1SD. Proportional and

continuous variables were compared using χ2 analysis and
Student’s t test, respectively. A P value less than or equal to
.05 was considered significant. Logistic regression analysis
using forward, backward, stepwise, all subsets via score statis-
tic, and Akaike Information Criterion (AIC) criteria (SAS
version 6.11) were performed using MI and revascularization
as endpoints. Candidate variables included those that have
previously been shown to identify ED patients with MI: gen-
der, age 60 years or older, previous MI, and typical chest
pain. The ECG and echocardiographic results (both consid-
ered as dichotomous variables) were also entered. To deter-
mine the incremental diagnostic value of a positive echo-

Table 1.
Comparison of patients with and without cardiac endpoints.

With Cardiac Events No Cardiac Events Odds Ratio
Characteristic (N=45) No. (%) (N=215) No. (%) P Value (95% CI)

Age ≥60 years 24 (53) 68 (32) .006 2.5 (1.3-5.0)
Male 31 (69) 102 (47) .008 2.5 (1.3-4.7)
Hypertension 25 (56) 109 (51) .55 1.2 (.6-2.3)
Diabetes 13 (29) 42 (20) .16 1.7 (.8-3.5)
Elevated cholesterol 14 (31) 63 (29) .81 1.1 (.5-2.2)
Family history 7 (16) 43 (20) .49 .7 (.3-1.8)
Tobacco use 14 (31) 95 (44) .11 .6 (.3-1.1)
Total risk factors (mean±SD) 1.6±1.4 1.6±1.0 .88 NA
Previous MI 15 (33) 46 (21) .09 1.8 (.9-3.7)
Typical symptoms 38 (84) 157 (73) .11 2.0 (.8-4.7)
Chest pain duration (hr) 2.5 (1,8) 3 (1,6) NS NA

(25th, 75th percentile)
Abnormal ECG 18 (40) 12 (5.6) <.0001 11.3 (4.9-26)
Abnormal echocardiogram 41 (91) 53 (25) <.0001 31 (11-92)
WMSI 1.63±.51 1.2±.46 <.0001 NA
Ejection fraction (mean±SD) 42±15 54±14 <.0001 NA
NA, Not applicable.
Data presented as number of patients, unless otherwise indicated. Cardiac endpoints refer to MI, cardiovascular death, or revascularization.
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Fifty-three (25%) of the 215 patients with positive echo-
cardiographic findings did not have cardiac events. Of these,
75% had historical or echocardiographic evidence of previous
MI (N=29), significant coronary disease on coronary angi-
ography (N=3), or severe global hypokinesis with an esti-
mated ejection fraction of less than or equal to 25% (N=8).

Echocardiography provided alternative explanations for
symptoms in two patients, which included significant out-
flow tract obstruction and severe aortic regurgitation requir-
ing aortic valve replacement. Additional diagnoses in two
other patients included unsuspected significant aortic valve
stenosis necessitating valve replacement and a left ventricular
apical thrombus.

Predictive Value of Early Echocardiography
The sensitivity, 91% (95% CI 79% to 97%), and negative

predictive value, 98% (95% CI 94% to 99%), of ED echo-
cardiography for predicting MI or revascularization were
significantly higher than that of the ECG, 40% (95% CI 27%
to 55%; P<.0001), and 88% (95% CI 83% to 92%; P<.001),
respectively. Specificity of echocardiography, 75% (95% CI
69% to 81%), was significantly lower than that of the ECG,
94% (95% CI 90% to 97%) (P<.001). Positive predictive
values (44%, 95% CI 34% to 54%, and 60%, 95% CI 42%
to 76%, P=.12) were not significantly different. Excluding
patients with historical or ECG evidence of previous MI
significantly improved specificity of echocardiography to
84% (95% CI 78% to 89%, P<.04) compared with all
patients) with a nonsignificant increase in sensitivity to 97%
(95% CI 82% to 99%).

the initial hospital admission; both had positive echocardio-
graphic findings. Patients with cardiac events were more
likely to be older, be male, have abnormal ECGs and echo-
cardiographic results, and have higher WMSIs and lower
ejection fractions (Table 1).

Echocardiography and ECG Results
Of the 45 patients with cardiac events, 41 (91%) had

positive echocardiographic findings and 18 (40%) had ab-
normal ECGs (P<.0001). Positive echocardiograms were
more frequent than abnormal ECGs in patients with MI
(96% [22/23] versus 65% [15/23], P<.0001) and with re-
vascularization (86% [19/22] versus 17% [3/22], P<.0001).
Mean WMSI (1.6±.4 versus 1.7±.6), ejection fraction (43%
±15% versus 41%±15%) and percent with positive echo-
cardiographic findings (96% versus 86%) were not signifi-
cantly different between patients with MI and those with
revascularization. Sensitivity of echocardiography was not
affected by the presence or absence of symptoms at the time
of imaging for either MI (100% versus 92%) or revascular-
ization (82% versus 91%).

Only 4 of the 166 patients (2.4%) with negative echo-
cardiographic findings had cardiac events; all were consid-
ered high-risk patients at the time of the initial evaluation.
One patient had an MI (peak CK level of 231 U/L); the ECG
was normal. The other three underwent PTCA for single-
vessel disease. Two of these 3 patients had chest pain dura-
tion of less than 1 hour and had imaging while pain-free.
One patient had a normal ECG; the other two had ECG
evidence of prior MI but did not have ischemic changes.

Table 2.
Comparison of patients with and without cardiac events excluding those with abnormal ECGs.

With Cardiac Events No Cardiac Events 
Characteristic (N=27) No. (%) (N=203) No. (%) P Value Odds Ratio

Age ≥60 years 13 (48) 63 (31) .08 2.1 (.9-4.7)
Male 17 (63) 97 (48) .17 1.8 (.7-4.1)
Hypertension 17 (63) 99 (49) .17 1.8 (.8-4.1)
Diabetes 8 (30) 39 (19) .21 1.8 (.7-4.3)
Elevated cholesterol 10 (37) 59 (29) .40 1.4 (.6-3.3)
Family history 6 (22) 40 (20) .76 1.2 (.4-3.1)
Tobacco use 7 (26) 87 (43) .09 .5 (.2-1.2)
Total risk factors (mean±SD) 1.8±1.4 1.6±.8 .51 NA
Previous MI 11 (41) 45 (22) .04 2.4 (1.0-5.6)
Typical symptoms 21 (78) 149 (73) .63 1.3 (.5-3.3)
Abnormal echocardiogram 23 (85) 49 (24) <.0001 18 (6.0-55)
WMSI (mean±SD) 1.7±.2 1.29±.5 .0002 NA
Ejection fraction (mean±SD, %) 41±17 54±14 .0004 NA
NA, Not applicable.
Data presented as number (%) of patients, unless otherwise indicated.



a WMSI of 1.19 on echocardiography; no events occurred
during 13 months of follow-up.

Long-Term Events
Late follow-up (mean 9.6±4.1 months) was obtained in

243 of the 258 (94%) patients who survived to discharge.
Twelve patients experienced 14 cardiac events (2 MI, 2 MI
and death, and 8 cardiac deaths), which occurred a mean
of 175 days (range 18 to 494 days) after the index evalua-
tion. Long-term endpoints occurred in 1.3% of patients with
negative echocardiographic findings and 12% of patients
with positive echocardiographic findings (OR 15, 95% CI
1.7 to 134, P<.001). After excluding the 45 patients who
had short-term cardiac events, 5 (9.4%) of 53 patients with
positive echocardiographic findings had long-term cardiac
events, compared with 1 (0.6%) of 162 patients who had
negative echocardiographic findings (OR 9.0, 95% CI 1.7
to 134, P<.001).

D I S C U S S I O N

We found that two-dimensional echocardiography per-
formed in the ED on patients presenting with possible myo-
cardial ischemia reliably identified those who had MI or
underwent revascularization. The sensitivity of echocardi-
ography was significantly higher than that of the initial ECG
and was not reduced after excluding patients with abnormal
ECGs. Importantly, the echocardiography results added
significant incremental value when combined with the his-
torical, clinical, and ECG variables.

In the evaluation of any new diagnostic technique, it is
important that the results be interpreted in light of all the
available information, not considered in isolation.14 The
true impact of a particular test is the incremental value it
adds to known information. We found that echocardiog-
raphy provided significant incremental diagnostic value
and markedly improved the ability to identify patients at
risk of cardiac events, even after consideration of clinical,
historical, and ECG variables.

Most studies performed in ED patients with possible
myocardial ischemia, including those using echocardiog-
raphy, have attempted to identify only those with MI.8,9,15

However, identifying patients with unstable angina is also
important. The number of patients admitted with unstable
angina has increased,16 and is similar to that of patients with
MI.2,17 Focusing on excluding MI alone may result in fail-
ure to identify patients with ongoing ischemia, who have
a significant risk for short- and long-term cardiovascular
morbidity and mortality. Early identification of patients with
unstable angina may significantly reduce the risk of MI.18
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All models used demonstrated that the only independent
predictors of MI or revascularization were male gender
(P<.03; odds ratio (OR) 2.4, 95% CI 1.1 to 5.3) and posi-
tive echocardiographic findings (P<.0001; OR 24, 95% CI
9.0 to 65). Pearson’s test for goodness of fit demonstrated
a satisfactory fit without need for an interaction term (P=.09).
Alternate estimates of the OR based on jackknife statistics
were similar.13 Adding the ECG results to a model that in-
cluded the baseline historical and clinical risk factors sig-
nificantly improved the ability to predict cardiac events
(χ2=48, P<.0001). The addition of the echocardiography
results to the combination of clinical, historical, and ECG
variables significantly increased the overall predictive ability
of the model (χ2=88, P<.0001).

Patients Without Ischemic ECGs
The accuracy of echocardiography was not affected by

excluding the 30 patients with abnormal ECGs (Table 2).
Cardiac events occurred in 23 of 72 patients (32%) with
positive echocardiographic findings, compared with only
4 of 158 patients (2.5%) with negative echocardiographic
findings. A positive echocardiographic finding was the
only independent multivariate predictor of cardiac end-
points (χ2=38, P<.0001; OR 14.4, 95% CI 5.2 to 39).
Sensitivity (85%, 95% CI 67% to 94%), specificity (76%,
95% CI 69% to 81%), and positive (33%, 95% CI 23% to
45%) and negative predictive values (97%, 95% CI 94%
to 99%) of echocardiography in this subgroup were not
significantly different than those of all patients. By definition,
the sensitivity and positive predictive value of the ECG
was 0%.

Discharged Patients
One hundred twenty-one of the 260 patients studied

were discharged from the ED after the initial evaluation.
Of these, 114 (94%) were discharged based on the combi-
nation of a low clinical suspicion for MI or unstable angina,
a nonischemic ECG, and negative tests after rest perfusion
imaging. Echocardiographic findings were positive in 8 of
these patients (7%). Three additional patients were dis-
charged after rest perfusion imaging demonstrated a per-
fusion defect unchanged from previous studies; echocardio-
graphic findings were positive in all, and later stress perfusion
imaging demonstrated fixed defects. One patient was dis-
charged despite positive perfusion imaging. Echocardio-
graphic findings were negative. Three patients were dis-
charged without rest perfusion imaging. Two had negative
echocardiographic findings; results of coronary angiography
performed 1 and 40 days later were normal in both. The
third patient had nonspecific abnormalities on the ECG and
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the 9-hour rule-out protocol, by which time wall motion
abnormalities may have resolved.

Considerations in Use of ED Echocardiography
Early echocardiography must be performed by a trained

operator and interpreted by a physician experienced in wall
motion analysis. Although images may be poor in some
patients, adequate images are obtainable in more than
90%,8,23,24 indicating that echocardiography is applicable
to most ED patients with chest pain. The use of echocar-
diography requires prompt interpretation to affect patient
management. This is now possible by telephonic transmis-
sion of digitized images. Computer software and hardware
is now available that allows transmission of images over
standard telephone lines.25

Wall motion may be normal in patients with small infarc-
tions.26 However, these patients have a low risk of com-
plications8,27,28 and their care can be assigned at triage to
lower-intensity observation or stepdown units rather than
high-cost ICU beds. In the setting of a low clinical suspi-
cion, patients with normal wall motion can safely undergo
immediate stress testing.29 Echocardiography may also pro-
vide additional, unanticipated information,30 as well as diag-
nose other nonischemic causes of chest pain (though the
frequency of such disorders was low in the current study).

The presence or absence of symptoms at the time of
imaging is unlikely to affect diagnostic accuracy in patients
with MI. However, the presence,31 duration,32 and severity
of ischemia, as well as the extent of the ischemic zone, are
likely to have important effects on the persistence of wall
motion abnormalities in patients with unstable angina. Wall
motion abnormalities may persist in patients who have
imaging after prolonged, severe ischemia,33,34 which may
explain why we found that sensitivity was not significantly
decreased in patients whose had imaging performed while
they were symptom-free. However, others have found that
imaging performed after symptom resolution may be asso-
ciated with reduced sensitivity.20,31 This implies that optimal
exclusion of myocardial ischemia may require provocative
testing in patients with normal wall motion who have imag-
ing performed in the absence of symptoms.

An additional limitation of echocardiography is the in-
ability to distinguish between acute infarction, old infarc-
tion, and acute ischemia. Elevations in early cardiac markers
can rapidly identify patients with ongoing infarction, but
differentiating between ischemia and prior infarction is
more difficult. However, patients with prior infarction are
at an increased risk of cardiovascular complications,15,17

and early discharge is not usually appropriate. The presence
of moderately or severely reduced systolic function may

Although the ECG is the most commonly used risk strat-
ification, it is diagnostic in only a minority of ED patients
with chest pain.2 Myocardial markers of necrosis also lack
sensitivity for identifying patients with unstable angina.19

These limitations have led to investigation of other tools,
including serial ST-segment monitoring20 and myocardial
perfusion imaging.11 In this study, we found that echocar-
diography can also be used to identify patients at risk of
cardiac events other than MI.

Comparison With Other Studies
Previous studies have shown that wall motion abnormal-

ities are present in 90% to 100% of patients with transmural
infarction8,9,21 and in approximately 86% of patients with
non–Q-wave MI.22 Comparison studies of the two tech-
niques in CCU patients have shown that the sensitivity of
echocardiography is significantly higher than that of the
ECG for identifying patients with MI.9,21,22

Few studies have systematically examined the diagnostic
ability of ED echocardiography. Sabia et al8 performed
echocardiography within 4 hours of presentation in 180
consecutive patients with chest pain. Among the 169 patients
with interpretable studies, 82 had either normal wall motion
or global systolic dysfunction, of whom only 2 (4%) had MIs.
In contrast, 27 of the 87 patients (31%) who had regional
wall motion abnormalities had diagnoses with MI. The
sensitivity of echocardiography was significantly higher than
that of the ECG. The results from the current study extend
those of Sabia et al. Using more liberal criteria for defining
abnormal ECGs (ST-segment elevation and depression and
ischemic T-wave inversion) and for positive echocardiography
(ejection fraction <40% in addition to regional wall motion
abnormalities), we found that the sensitivity of echocardi-
ography was still significantly higher than that of the ECG.

Peels et al21 performed ED echocardiography in 43
patients who presented to the ED with chest pain and non-
ischemic ECGs. They found a sensitivity of 92% for iden-
tifying patients with MI. The specificity was 53% when MI
was the only endpoint considered, but it increased to 78%
when significant coronary disease was also considered as
an endpoint. These results are comparable to those of the
current study.

In contrast, Gibler et al20 found that echocardiography
had limited sensitivity but excellent specificity in 901
patients who underwent echocardiography as part of a
diagnostic pathway for low-risk patients with chest pain.
This study, however, included a lower-risk patient popula-
tion than other studies, with fewer than 5% having either
MI or unstable angina. The low sensitivity may also have
resulted from performing echocardiography at the end of
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also result in “false-positive” results. Although these patients
may have a low risk of acute events,8 the presence of left
ventricular systolic dysfunction is associated with an in-
creased risk of long-term cardiovascular events and provides
independent prognostic information even after clinical,
historical, and ECG variables are considered.35,36 Identi-
fication of these patients also offers the opportunity to initi-
ate appropriate medical management.37

Limitations of the Current Study
Not all patients were admitted to the hospital. As part

of the risk stratification process used at our institution, low-
risk patients undergo early myocardial perfusion imaging
and are discharged home if the study result is negative. How-
ever, 96% of patients either were admitted and underwent
serial myocardial marker analysis or were discharged from
the ED on the basis of a combination of a low clinical sus-
picion, negative results after rest perfusion imaging, and a
nonischemic ECG. The likelihood of MI in the presence of
negative perfusion imaging results is low (<1%),11 making
it unlikely that a significant number of patients with MI were
inadvertently discharged. We used revascularization as a sur-
rogate for unstable angina, an endpoint that has been used
in previous studies.38,39 Despite the potential for bias, re-
vascularization implies the presence of significant coronary
disease and may provide a more objective endpoint for un-
stable angina than clinical diagnosis alone. Although patients
enrolled were not consecutive, baseline characteristics and
cardiac outcomes were similar to those not having echo-
cardiography, and thus the cohort included in this study
should be a representative subgroup of all patients.

In conclusion, our results suggest that ED echocardiog-
raphy performed in patients with a broad range of risk of
myocardial ischemia identifies those at high risk of cardiac
events and provides significant incremental diagnostic value
when added to baseline clinical, historical, and ECG vari-
ables. Sensitivity was higher than that of the initial ECG and
remained high when patients with abnormal ECGs were
excluded. Echocardiography in the ED is easily performed,
and has the potential to enable more accurate risk stratifi-
cation and more effective triage of patients to more appro-
priate levels of care.
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