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Background. The management of patients presenting to an emergency department with
chest discomfort at low-risk for acute coronary syndrome represents a common clinical chal-
lenge. Such patients are often triaged to chest pain units for monitoring and cardiac stress

testing for further risk stratification.

Methods. We conducted a retrospective study of 292 low-risk patients who presented to an
emergency department with chest discomfort. We performed physician-adjudicated chart re-
views of all patients with positive stress tests to assess downstream testing, subsequent coronary

revascularization, and outcomes.

Results. Of the 292 patients, 33 (11.3%) had stress tests positive for ischemia, and 12 (4.1%)
underwent diagnostic cardiac catheterization. Of the 292 patients, 4 (1.4% ) underwent coro-
nary revascularization that may have resulted in a mortality benefit.

Conclusion. These data suggest a very low yield of detecting clinically significant coronary
disease with stress testing low-risk patients with chest discomfort in emergency department
chest pain units. (J Nucl Cardiol 2019;26:1642-6.)
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Abbreviations

ACS Acute coronary syndrome

CAD Coronary artery disease

EDOU Emergency Department Observation|
Unit

ECG Electrocardiogram

MPI Myocardial perfusion imaging

MI Myocardial infarction

PCI Percutaneous coronary intervention

CABG Coronary artery bypass graft

EF Ejection fraction

RCA Right coronary artery

See related editorial, pp. 1647-1649

INTRODUCTION

Cardiac testing for patients with chest discomfort
who are at low risk for acute coronary syndrome (ACS)
presents a challenge that integrates safety, resource
utilization, and value.! ““Low-risk patients’’ are defined
as those who are hemodynamically stable, free of
arrhythmias or ischemic electrocardiographic changes,
and have negative initial cardiac biomarkers.” In many
hospitals, low-risk patients who present to an emergency
room with chest discomfort are triaged to chest pain
units for monitoring and testing. An important goal of
this approach is to detect patients with ACS or high-risk
coronary artery disease (CAD). The most commonly
utilized strategy to achieve this includes cardiac stress
testing with or without imaging, which has implications
for both cost and patient safety due to radiation
exposure.”” Understanding the utilization and effective-
ness of cardiac stress testing in this setting could suggest
tactics to improve the quality and value of care provided
to these patients.

METHODS

We examined a prospectively collected database of
patients at a large, tertiary academic center who underwent
imaging or non-imaging stress tests in the Emergency Depart-
ment Observation Unit (EDOU) from January 1, 2014 to April
1, 2014. In general during this time period, patients who
presented to the emergency department for chest discomfort or
potential anginal equivalents were triaged based on ACS risk,
which was determined via non-algorithmic clinical assessment.
Triage destinations, depending on pre-test probability of ACS,
included discharge home, temporary stay in the EDOU, or
admission to a general medicine floor, a cardiology-specific
step down unit, or an ICU-level cardiac care unit. Per
emergency department triage policy, patients triaged to the
EDOU for further risk stratification with stress testing must be
deemed low-risk for ACS, defined as above (hemodynamically
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stable with a non-ischemic electrocardiogram (ECG) and
negative cardiac biomarkers). An internist (S. K.) performed
the initial chart reviews on all patients with positive stress tests
to determine the method of stress testing, how each test was
deemed positive, downstream clinical testing, subsequent
coronary revascularization, and outcomes. A cardiologist (J.
H. W.) performed a second chart review, including review of
cardiac imaging, for all patients who underwent coronary
revascularization during index admissions. These cases were
categorized according to the ACC/AHA guidelines on stable is-
chemic heart disease. In those guidelines, specific categories
are delineated for which it is reasonable to perform revascu-
larization for the indication of mortality reduction. Cases for
which these specific categories applied were deemed cases for
which the assumption of mortality benefit was reasonable.*
The Partners Healthcare Institutional Review Board approved
this study.

RESULTS

From January to April 2014, 292 low-risk patients
who presented to the emergency department with chest
discomfort or other symptoms underwent a total of 316
stress tests. Baseline demographics and primary and
secondary presenting symptoms appear in Table 1. Of
these stress tests, 98/316 (31.0%) were exercise tread-
mill tests without imaging and 218/316 (69.0%) were
pharmacologic or exercise stress tests with myocardial
perfusion imaging (MPI). Thirty-three of 292 patients
(11.3%) had stress tests positive for ischemia. The stress
tests with MPI that were positive were deemed so by
imaging criteria. Approximately 50% of patients with a
positive stress test had a prior history of myocardial
infarction (MI), percutaneous coronary intervention
(PCI), and/or coronary artery bypass graft (CABG). Of
the remaining 259 patients with negative stress tests, a
subset (n = 32) had a non-diagnostic or uninter-
pretable ECG with a corresponding MPI that was
negative for ischemia. Thirteen patients had ECGs that
were positive for ischemia but with corresponding MPIs
that were negative. Eleven patients had MPIs that were
negative for ischemia but that did demonstrate fixed
perfusion deficits consistent with prior infarction. Of the
33 patients with positive stress tests, 11 underwent
exercise treadmill tests with MPI, 17 underwent phar-
macologic stress tests with MPI, four had exercise
treadmill tests without imaging, and one patient who
developed chest pain while undergoing an exercise
treadmill test without imaging subsequently underwent a
pharmacologic stress test with imaging that was positive
for ischemia. Of the four patients who underwent
exercise treadmill testing without imaging, two were
positive by electrocardiographic findings, one developed
recurrent chest pain with equivocal ECG findings, and



1644 Krishnan et al.
Utilization of stress testing for low-risk patients

Table 1. Baseline characteristics of patients who
underwent stress testing from the emergency
department observation unit from January to
April, 2014

Total
N = 292
Demographics
Mean age, years (SD) 61.4 (13.1)
Women n (%) 126 (43)
Race
White n (%) 208 (71)
Black n (%) 21 (7)
Asian n (%) 14 (5)
American Indian n (%) 1 (0.3)
Hispanic n (%) 23 (8)
Other n (%) 25 (9)

Clinical covariates
Presenting symptoms (primary and secondary)

Chest pain n (%) 223 (76)
Dyspnea n (%) 10 (3)
Syncope n (%) 9 (3)
Pre-syncope n (%) 5(2)
Palpitations n (%) 3 (1)
Hypertension n (%) 2 (1)
Other n (%) 43 (15)
Documented cardiac risk factors
Diabetes n (%) 58 (20)
Hypertension n (%) 183 (63)
Dyslipidemia n (%) 176 (60)
Prior Ml n (%) 43 (15)
Family history of early Ml n (%) 115 (39)
Smoking history (or current 146 (50)
smoker) n (%)
Prior CABG n (%) 29 (10)
Stents (prior PCI) n (%) 48 (16)

MI, myocardial infarction; CABG, coronary artery bypass graft;
PCI, percutaneous coronary intervention

one developed non-sustained ventricular tachycardia at
peak exercise.

Of the 292 patients, 12 (4.1%) underwent diagnostic
cardiac catheterization, and 6 (2.1%) subsequently
underwent coronary revascularization (PCI or CABG).
The remaining 21 patients with positive stress tests did
not undergo coronary angiography. Of these, 13 were
discharged directly from the EDOU with plan for
outpatient cardiology follow up. All 13 patients had
negative serial troponins and nearly all had stress MPIs
that reported mild ischemia or a small territory of
involvement. Eight of these 21 patients were admitted
from the EDOU to a cardiology or general medicine
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floor with cardiology consultants following. All but one
had additional in-hospital testing that informed the
decision not to proceed with angiography. One patient
underwent transthoracic echocardiogram with preserved
ejection fraction (EF) and no wall motion abnormalities,
three patients underwent CT angiogram with insignifi-
cant CAD, and three patients who had undergone
treadmill stress testing without imaging underwent
subsequent inpatient stress MPIs that were negative for
ischemia.

For the 12 patients who underwent diagnostic
cardiac catheterization, the decision to proceed was
made at the discretion of consultant cardiologists,
without any standard decision rules. However, compared
to the 21 patients with positive stress tests who did not
undergo angiography, these patients tended to have
larger areas of ischemia noted on MPI and/or additional
clinical findings that raised their pre-test probably of
significant disease. These findings included prior CABG
or PCI (six patients), a newly depressed EF, a dilated/
hypokinetic left ventricle noted on MPI (three patients),
or highly concerning ECG changes that developed in
association with stress (two patients).

Of the six patients who underwent diagnostic
coronary angiography without revascularization, four
patients were found to have mild, diffuse disease, one
patient had no detectable epicardial coronary disease,
and one patient had a totally occluded distal right
coronary artery (RCA) but with moderate collateraliza-
tion from the distal left anterior descending artery.
Given that the inferior territory was well perfused,
revascularization was deferred. Three of six of these
patients were subsequently started on optimal medical
therapy including aspirin, a statin, and a beta blocker.
Two of six had known CAD and experienced subsequent
minor medication adjustments (e.g. uptitration of anti-
hypertensives, addition of a nitrate) and one without
significant disease experienced no medication changes.
While the study was not designed to assess clinical
course longitudinally, re-review of these six patients
who underwent angiography without intervention
demonstrated further extensive cardiac testing between
the years of 2014 and 2017, including six echocardio-
grams, eight repeat stress tests, and two repeat
angiographies, none of which resulted in
revascularization.

For the other six patients who underwent revascu-
larization after diagnostic coronary angiography, three
patients were found to have complex multivessel disease
and subsequently underwent CABG, one patient under-
went PCI to the RCA based on sequential high-grade
stenoses corresponding to a moderate inferior reversible
defect on stress MPI, and two patients who had
undergone prior CABG had stents placed to high-grade
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11.3%
Positive Stress Tests

k /" 2.1% underwent revascularization

1.4% underwent revascularization with
possible mortality benefit

n=292 patients

Figure 1. Stress test results and revascularization outcomes of
patients who underwent stress testing from the emergency
department observation unit from January to April, 2014.

stenoses of their native vessels (one with a drug-eluting
stent extending from an area of 95% stenosis of the left
main coronary artery to a 95% stenosis of an ostial
circumflex lesion, and one with two stents placed to a
99% stenosed mid-RCA lesion).

Overall, four of the 33 patients (12.1%) with
positive stress tests underwent revascularization with
possible mortality benefit. Ultimately, of the 292
patients who underwent stress testing, only four (1.4%)
underwent revascularization that may have resulted in a
mortality benefit (Figure 1).

DISCUSSION

These data suggest a low yield of detecting clinically
significant coronary disease with stress testing of low-risk
patients in the setting of an emergency department chest
pain unit, and are consistent with previous findings
regarding stress testing in comparable cohorts.”” Our
specific finding that the subset of patients who underwent
coronary angiography without intervention underwent
significant additional testing between 2014 and 2017,
none of which resulted in revascularization, is also
supported by recent literature. In a recent large-scale
study, patients who presented with chest pain and received
upfront cardiac testing were more likely to undergo
additional downstream testing without a corresponding
decrease in number of admissions for chest pain.’

Similar to what has been done at other sites, future
studies should seek to address how other methods of
risk-stratification, including application of newer evi-
dence-based triage algorithms, may reduce utilization of
in-hospital stress testing resources in patients who
present with low-risk chest pain.® While our results
suggest the overall low yield of stress testing in low-risk
patients, the fact that a disproportionate number of
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patients with positive stress tests had a prior history of
MI (15%), PCI (16%), and/or prior CABG (10%)
(Table 1), suggests that triaging patients based on
known history of CAD may have some role in increasing
the yield of stress testing in patients at otherwise low-
risk for ACS.

An important limitation of our work is that these
data from this single-center, retrospective study cannot
be generalized to other populations with certainty.
However, they are likely generalizable to similar large,
urban, general hospital settings. Second, given our
methodology of comparing diagnostic angiography
results to clinical consensus guidelines, we do not know
how many of the 21 patients with positive stress tests
who did not receive a cardiac catheterization during
index admissions would have derived a mortality benefit
from revascularization. A third limitation is our inability
to further retrospectively risk-stratify patients based on
their presenting signs and symptoms (e.g. retrospec-
tively apply a Heart Score). While the emergency
department triage protocol requires that all patients
admitted to the EDOU be deemed low-risk for ACS, we
are unable to further categorize this due to lack of
standardization in documentation of the history of
presenting illness.

NEW KNOWLEDGE GAINED

Our results both confirm previous findings of the
low yield of stress testing in chest pain units,””’ and
extend those results to highlight that a very low
proportion of patients (1.4% in our study) could derive
a potential mortality benefit from downstream testing
and treatment. Even among the 33 patients with abnor-
mal stress tests, only 4 (12.1%) appeared to have derived
a potential mortality benefit from testing and revascu-
larization during index admissions.

CONCLUSION

Our findings indicate that among low-risk patients
who present to the emergency department with chest
pain and undergo stress testing, the number of patients
who achieve a mortality benefit from such testing is
small. This suggests potential overutilization of stress
testing in this setting. Better risk-stratification prior to
stress testing may improve the value of care provided to
this population in emergency departments and chest pain
units nationwide.
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