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Predischarge cardiac testing (PDT) in low-risk patients evaluated for acute coronary syn-
drome in a chest pain unit (CPU) remains a challenge. It is unclear whether PDT varies
by gender. We analyzed consecutive low-risk women and men evaluated in our CPU over
a 2-year period and compared the utilization of PDT (exercise treadmill test, myocardial
stress perfusion scintigraphy, exercise stress echocardiography, invasive coronary angiog-
raphy, or no test), and incidence of major adverse cardiac events (MACE) at 30 days and
6 months. The study group comprised 619 patients (54% women). A large proportion of
both genders did not undergo PDT, although this finding was more frequent in women
(50% women vs 40% men, p =0.01). At 30 days, there were no MACE in either gender.
After 6 months of follow-up, MACE remained very low in both women and men (2 [1%]
vs 2 [1%]), and in patients who did and did not receive PDT (2 [1%] vs 2 [1%]). Mean
length of stay in the CPU was 5.4 hours in patients without PDT and 9.8 hours in those
with PDT (p <0.0001) without altering postdischarge MACE. When referred for PDT,
women more often underwent myocardial stress perfusion scintigraphy than men (22% vs
14%, p = 0.005) and less often received exercise treadmill test (20% vs 39%, p <0.0001).
Yield of abnormal PDT was low in both women and men although it was lower in women
(1% vs 5%, p =0.02). In conclusion, many low-risk women and men evaluated in a CPU
for acute coronary syndrome can be safely and rapidly discharged without PDT and with
low risk for MACE at 30 days and at 6 months. Exclusion of PDT was associated with sig-
nificantly reduced length of stay while maintaining safety in terms of postdischarge
MACE. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:1772—1775)

Chest pain is the second most frequent cause of emer-
gency department (ED) visits in the United States, account-
ing for more than 6 million presentations annually.' The
goal of evaluation is rapid identification of patients with
acute coronary syndrome (ACS) or other life-threatening
condition requiring urgent therapy and those with less seri-
ous entities who can be managed more deliberately and
may be candidates for early discharge. Chest pain units
(CPUs) serve as a safe, efficacious means of excluding
ACS and its complications in low-risk patients.” Evaluation
in the CPU typically involves clinical assessment, serial
electrocardiograms, cardiac injury markers, and predis-
charge cardiac testing (PDT) if indicated. The optimal strat-
egy for PDT in low-risk patients evaluated for ACS varies
from application to all CPU patients to a more recent
approach of PDT only in selected patients.” ® Additionally,
whether management and clinical outcomes of patients
vary by gender in the CPU is unclear, given the limited
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studies on this question. We hypothesized that not all low-
risk women and men require PDT for safe, rapid discharge
from a CPU.

Methods

We analyzed a prospectively collected database of all
consecutive low-risk women and men without a history of
coronary artery disease (CAD) admitted to the CPU of the
University of California, Davis, Medical Center, an urban
academic tertiary care institution, from January 1, 2012 to
January 1, 2014 and compared the utilization of PDT and
incidence of major adverse cardiac events (MACE) at
30 days and 6 months in women and men. MACE was
defined as cardiac death, myocardial infarction, and revascu-
larization. During this interval, the annual number of adult
patient visits to our ED averaged approximately 55,000. Cri-
teria for low risk of ACS were: hemodynamic stability, no
arrhythmias, normal or near-normal resting electrocardio-
gram (ST depression no >0.5 mm, normal T waves, no
arrhythmia beyond rare premature atrial or ventricular com-
plexes, no pacing, no conduction abnormalities, or no ven-
tricular hypertrophy), and an initial contemporary troponin I
(Siemens, Malvern, PA) <99th percentile of 0.04 ng/mL.2

The primary outcomes were utilization of PDT and inci-
dence of postdischarge MACE including cardiac death,
myocardial infarction, and revascularization at 30-day and
6-month follow-up. Secondary outcomes were length of
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stay (LOS), type of PDT (exercise treadmill test [ETT],
myocardial stress perfusion scintigraphy [MPS], exercise
stress echocardiography, or invasive coronary angiogra-
phy), and results of PDT. The CPU-attending physician
selected patients for PDT and type of PDT. Our CPU-
attending physicians are internists who also undergo addi-
tional, specialized training in management of patients pre-
senting with chest pain and are dedicated to, and full-time,
at that position. The follow-up period began when patients
were discharged home from the CPU or, if they were admit-
ted to hospital, when the patient was discharged from the
index admission.

ETT was considered positive for ischemia based on
exercise-induced ST segment depression of >1.0 mm for
60 to 80 milliseconds after the J point and negative for
ischemia if there was <1.0 mm ST segment depression dur-
ing exercise testing and heart rate reached >85% of age-
predicted maximum. If there was no evidence of exercise-
induced ischemia but peak exercise heart rate was <85% of
predicted maximum, the ETT was defined as nondiagnostic.
MPS was positive if there was a new stress-induced myo-
cardial perfusion defect. Exercise stress echocardiogram
was considered positive based on a new stress-induced left
ventricular wall motion abnormality. For coronary angiog-
raphy, the definition of obstructive CAD was >50% steno-
sis of the left main coronary artery and >70% stenosis of a
coronary artery or major branch.

The CPU has a separate, prospectively collected data-
base completed by the attending physician at the end of
each patient’s evaluation. Data entered include symptoms,
demographic features, cardiac risk factors, history of CAD,
baseline electrocardiogram, type of PDT, and its results. In
order to determine the incidence of MACE, we reviewed
all patients’ medical records up to 6 months following their
CPU evaluation; to determine all-cause mortality, we que-
ried the electronic medical record and/or the Social Secu-
rity Death Index for all patients.

Continuous data are presented as mean + SD and range
or percentage. Continuous variables were analyzed by

Student’s 7 test and categorical variables were analyzed by
chi square and logistic regression. Differences were consid-
ered significant if p <0.05. The JMP statistical package
(JMP 13.0.0 for Macintosh) was used for analysis. This
study was approved by the University of California, Davis,
Human Subjects Review Committee.

Results

The study group comprised 619 patients with approxi-
mately half women (Table 1). A large proportion of both
genders did not undergo PDT, although this applied to
more women (Table 1). Use of PDT as compared with no
PDT did not vary by age (58 vs 56 years, p=NS) or mean
number of cardiac risk factors (1 vs 1, p=NS). Among the
patients who were referred for PDT, women more often
underwent MPS than men and men more often received
ETT than women (Table 1). Mean LOS was shorter in
patients with no PDT compared with those with PDT (5 vs
10 hours, p <0.0001, respectively) and did not vary between
women and men (Table 1).

At 30 days, there were no MACE in either gender. Clini-
cal follow-up was obtained in 465 patients (75%), including
265 women (80%) and 200 men (70%). The 171 patients
(24%) in whom clinical follow-up was not obtainable had
similar mean number of cardiac risk factors but younger
age (53 vs 58 year, p <0.0001) compared with those with
30-day follow-up.

At 6 months, MACE rate was low in both women and
men (Table 2) and in patients with no PDT and PDT (n=2
[1%] vs n=2 [1%]). The single cardiac death occurred in a
92-year-old woman who, on her initial CPU admission, did
not undergo PDT. At 5-month follow-up, she sustained a
fatal cardiac arrest on the day of admission for a hip frac-
ture before surgical intervention. Six-month follow-up was
obtained in 443 patients (72%) including 252 women
(76%) and 191 men (67%). The patients in whom clinical
follow-up was not obtainable were similar to those patients
without 30-day follow-up.

Table 1

Patient clinical features

Variable Total patients Women Men p

(n=619) (n=332) (n=287)

Age* (years) 57 £ 12 (27-92) 59 + 12 (30-92) 54 + 12 (27-89) <0.0001

Cardiac risk factors
0-1 259 (42%) 132 (40%) 127 (44%) NS
>2 360 (58%) 200 (60%) 160 (56%) NS
Hypertension 383 (62%) 225 (68%) 158 (55%) 0.0011
Hyperlipidemia 292 (47%) 166 (50%) 126 (44%) NS
Type 2 diabetes mellitus 160 (26%) 96 (29%) 64 (22%) NS
Tobacco use 137 (22%) 55 (17%) 82 (29%) 0.0003
Family history of heart disease 144 (23%) 78 (23%) 66 (23%) NS

Predischarge cardiac testing
No test 283 (46%) 167 (50%) 116 (40%) 0.01
Myocardial perfusion scintigraphy 113 (18%) 74 (22%) 39 (14%) 0.0048
Exercise treadmill test 179 (29%) 68 (20%) 111 (39%) <0.0001
Exercise stress echocardiogram 34 (5%) 18 (5%) 16 (6%) NS
Coronary angiogram 10 2%) 52%) 5 (2%) NS

Length of stay (hours) 79 7.9 7.8 NS

*mean £ SD (range).
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Table 2
Major adverse cardiovascular events at 6 months according to gender

Major adverse Total patients with

cardiovascular 6-month follow-up Women Men
events (n=443) (n=252) (n=191)
Cardiac death 1 (0.2%) 1 (0.4%) 0
Myocardial infarction 2 (0.5%) 1 (0.4%) 1 (0.5%)
Revascularization 1(0.2%) 0 1 (0.5%)
Total 4 (0.9%) 2 (0.8%) 2 (1.1%)
Table 3

Results of predischarge cardiac testing by gender

Predischarge cardiac ~ Total patients Women Men

test result (n=336) (n=165) (n=171) p
Positive 10 3%) 2 (1%) 8 (5%) 0.03
Nondiagnostic 30 (9%) 10 (6%) 20 (12%) 0.02
Negative 296 (88%) 153 (93%) 143 (84%) 0.009

Yield of abnormal PDT was low in both women and men
(Table 3). Women had significantly fewer positive tests
than men and significantly more negative tests (Table 3).
Of 10 patients with positive PDTs, 9 patients (8 men,
1 woman) underwent subsequent coronary angiography
during the index admission and 1 woman declined further
evaluation. Only men were found to have obstructive CAD
(0 women vs 7 [78%] men); and 6 men underwent revascu-
larization (5 percutaneous coronary interventions and 4 cor-
onary artery bypass graft surgeries).

Discussion

Our findings suggest that many low-risk women and
men evaluated for ACS in a CPU can be safely and rapidly
discharged without PDT while maintaining a low rate of
MACE at short- and intermediate-term follow-up. Impor-
tantly, absence of PDT was associated with significantly
reduced LOS in both women and men. The yield of positive
PDT was low in both genders.

This study is one of the first to assess utilization of PDT
in the CPU by gender and to highlight the safety of no PDT
in both men and women in the CPU. Previous studies differ
on the frequency of PDT in women and men, as reflected
by a report that the likelihood of PDT in women was
1.6 times higher than in men,” whereas a large investigation
of 6,000 patients revealed higher rates of PDT in men.’ The
variable results likely reflect differences in patient popula-
tions and physician preferences. We found that large pro-
portions of both women and men were discharged from the
CPU without PDT. Omitting PDT did not affect postdi-
scharge MACE. This extends our previous results in 400
low-risk women who also had no MACE at 6 months” and
adds a comparison of MACE in low-risk men and women.
The comparable clinical outcomes between patients with
and without PDT suggest that the decision to omit PDT was
appropriate and PDT was not necessary to enhance safe dis-
charge. This is likely in part because the yield of PDT is
very low. We found that both genders had <10% positive

tests which supports the rationale against routine PDT in
the low-risk ED chest pain population.””'” Our findings
advocate for selection of patients for PDT rather than the
current approach of routine PDT,” given the lack of
improvement in clinical outcomes and potential for harm
with further testing.™”""'

Not only is PDT mandatory to enhance safe discharge,
but elimination of testing affords reduced LOS. A more
judicious use of PDT can decrease resource utilization and
costs and improve use of personnel with no compromise of
patient safety. Other studies reported that PDT increased
LOS for patients evaluated in a CPU*>'*"'* and increased
hospital charges,'” but did not improve postdischarge event
rates between no-test versus tested patients.

The management of women and men in our cohort was
largely similar in regard to utilization of PDT and clinical
outcomes, but the modality of PDT varied between the gen-
ders (Table 1). Women more often received MPS and men
more often underwent ETT. The PROMISE trial which
assessed outpatients with stable chest pain similarly found
that women more often received pharmacologic stress
imaging than functional testing.'” We have extended these
findings to the low-risk CPU population. It is notable that
more frequent stress imaging in women diverges from the
recommendations of the American College of Cardiology/
American Heart Association for ETT as the initial noninva-
sive test of choice and stress imaging as the test for patients
with an abnormal baseline ECG or functional limitations
precluding adequate exercise.'® Although these guidelines
are primarily intended for outpatient stress testing, our pop-
ulation in the CPU similar to outpatients in that they are
low risk, stable, and undergo symptom limited maximal
stress tests. The reason why women undergo more MPS
than ETT is likely multifactorial, although in our cohort, it
may have been related to older age in women and concern
regarding potential inadequate exercise capacity. From
1993 to 2010, analysis of the National Ambulatory Medical
Care Survey and National Hospital Ambulatory Medical
Care Survey revealed that cardiac stress tests with imaging
comprised a growing proportion of tests, increasing from
59% in 1993 to 1995 to 87% in 2008 to 2010, a trend that
could not be explained by population demographics, risk
factors, or provider characteristics.'” Although excessive
false positive ETTs in women have been a concern, we
have reported that the concept of a high false positive rate
of ETT in women is related to a predominance of younger
women in early studies of exercise testing,'® which utilized
coronary angiography as the gold standard. The positive
predictive value of ETT was significantly higher in older
than younger women: up to 80% in women >65 years old."'®

A number of limitations of our study require consider-
ation. This is a retrospective investigation and entails the
inherent limitations of that method. However, the database
was prospectively collected, and the study cohort comprised
consecutive patients. The study was performed at a single
center, so our results may not be generalizable to other
institutions or settings; however, our patients represented a
“real world” population. Although our follow-up data are
not complete, detailed follow-up was obtained in the sub-
stantial proportion of approximately 3/4 of patients, and the
demographic, clinical risk profiles and SSDI mortality data
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of the entire followed and not followed groups are compa-
rable, except for older age in women and fewer men in the
followed group at 6 months, which would tend to have bal-
ancing effects on risk in these patient subsets.

In conclusion, this study demonstrated that many low-
risk women and men evaluated in a CPU for ACS can be
safely and rapidly discharged without PDT and with low
risk for MACE at 1 month and at 6 months. Additionally,
exclusion of PDT was associated with significantly reduced
LOS while maintaining patient safety in terms of postdi-
scharge MACE.
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