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Identiﬁcation of patients at low risk presenting to the emergency department with chest
pain is a continuing challenge. We examined a cohort of low-risk women with negative
cardiac injury markers, electrocardiogram with normal results, and clinical stability. We
hypothesized that these patients can be safely and accurately managed in a chest pain unit
(CPU), may not require predischarge cardiac testing, and have an excellent short-term
prognosis. The primary end point was major cardiovascular events during index admission or follow-up. Mean age of the 403 women was 42 – 4.3 years (30 to 50 years). No
patient had a cardiovascular event in the CPU, and none of the 321 patients followed for
6 months had a late cardiovascular event. Most (211, 52%) did not receive predischarge
cardiac testing. The remaining 192 patients (48%) had predischarge exercise treadmill test,
stress imaging, or cardiac catheterization. Of those patients who underwent treadmill
testing, almost 90% had no exercise-induced chest pain and approximately 50% had
functional capacity 8 to 14 METs. In addition, 166 patients (41%) were discharged from the
CPU after <2 hours and 21% (n [ 86) within 2 to 8 hours. In conclusion, this group of lowrisk women was safely and accurately managed in the CPU and discharged promptly.
There were no cardiac events on index admission or 6-month follow-up, and in most patients, predischarge cardiac testing was unnecessary. Ó 2016 Elsevier Inc. All rights
reserved. (Am J Cardiol 2016;117:36e39)
Chest pain causes >8 million visits annually to emergency
departments (EDs) in this country, making it the second most
frequent cause of these encounters in adults.1,2 Half of these
patients are women, most of whom do not have an acute
coronary syndrome (ACS) or other life-threatening conditions and are therefore considered low risk.1,3 However,
women often present a diagnostic challenge because atypical
symptoms of myocardial ischemia are frequent in this
group,1,4e6 inadvertent discharge of women with ACS is not
rare,7 and adverse outcomes have been reported in young
women with ACS.8 Furthermore, cardiovascular events have
been described in women with nonobstructive coronary artery disease and symptoms of chest pain.9,10 In the management of patients at low risk presenting to the ED with
chest pain, the utility of chest pain units (CPUs) has been
established.1,11e13 However, to our knowledge, there are no
data speciﬁcally addressing the problem posed by low-risk
young women presenting to the ED with chest pain. We
hypothesized that these patients can be safely and accurately
managed in a CPU, may not require predischarge cardiac
testing, and have an excellent short-term prognosis.
Methods
Patients were identiﬁed by review of the University of
California (Davis) Medical Center CPU database. The study
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group comprised consecutive low-risk women aged 30 to
50 years admitted to the CPU from February 1995 to
November 2006 with symptoms suggestive of ACS.
Patients were excluded if the had (1) history of cardiovascular disease (ACS, stroke, ischemic noninvasive stress test,
obstructive coronary artery disease on angiography, and
heart failure), (2) serious co-morbidity, (3) diabetes mellitus,
(4) history of smoking, or (5) cocaine or amphetamine use
within 6 months. Low risk for ACS was based on clinical
stability (no arrhythmias or hemodynamic dysfunction),
normal results (<0.5 mm ST depression and no T-wave
inversion) on electrocardiogram (ECG), and negative cardiac injury markers (troponin-I or creatine kinase-MB). The
latter marker was used early in the study in only a small
number of patients. Patients fulﬁlling low-risk criteria were
transferred from the ED to the CPU for further evaluation,
which could include exercise treadmill test, stress echocardiography, myocardial stress scintigraphy (MSS), or no
predischarge test. Length of stay (LOS) from admission to
the CPU to time of hospital discharge was determined in all
patients. This study received approval from our institutional
review board.
After initial negative evaluation in the CPU, patients
were discharged either with or without a predischarge cardiac test at the discretion of the attending physician. No
patients were scheduled for early (24 to 72 hours) cardiac
testing after discharge. Treadmill testing was performed
according to the Bruce or modiﬁed Bruce protocols. Exercise end points included symptoms (e.g., chest pain, undue
dyspnea, and dizziness), ECG evidence of myocardial
ischemia (1.0-mm horizontal ST shift 80 ms after the J
point), 10 mm Hg decrease in systolic blood pressure, 3
consecutive ventricular extrasystoles, or a sustained
www.ajconline.org
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supraventricular tachyarrhythmia. The criterion for a test to
be positive for ischemia was the previously noted exerciseinduced ST alteration; a nondiagnostic test was deﬁned by
absence of ECG ischemia at a heart rate <85% of agepredicted maximum.
In patients who could not exercise or who had baseline
ECG changes precluding interpretation of the exercise ECG,
stress echocardiography or MSS was used. MSS was performed by single-photon emission computed tomography.
Positive MSS comprised a new stress-induced myocardial
perfusion defect. For patients undergoing stress echocardiography (exercise or dobutamine), the criterion for a test to
be positive was a new stress-induced left ventricular wall
motion abnormality. Coronary angiography was performed
in multiple projections according to standard techniques.
Signiﬁcant coronary artery disease was deﬁned as >50%
stenosis in 1 major coronary arteries. We reviewed all
patients’ medical records to determine clinical status after
discharge. Follow-up also included telephone interviews of
patients or family members. Clinical end points were allcause mortality and cardiovascular events (myocardial
infarction, stroke, and revascularization).
Statistical analysis: Data are presented as mean  SD
and range. Continuous variables were analyzed by Student’s
t test, and categorical variables were analyzed by chi-square
test.
Results
The study group included 403 patients (Table 1). Two
thirds were aged 40 to 49 years, the largest ethnic group was
white, and >80% had 0 to 1 cardiac risk factors. Cardiac
testing was performed in 48% (n ¼ 192) of patients:
treadmill (Table 2) 84% (n ¼ 162); stress imaging 14% (n ¼
26); coronary angiography 2% (n ¼ 4). Predischarge testing
was not performed in 52% (n ¼ 211) of patients. There was
no difference in age or ethnicity between patients who underwent predischarge testing and those who did not (42.2 vs
42.0 years). However, those who were tested had statistically signiﬁcantly greater number of risk factors (1.0 vs 0.6,
p <0.0001), number of serial cardiac injury markers
measured (2.1 vs 1.9, p <0.04), number of 12-lead ECGs
(1.9 vs 1.7, p <0.04), and LOS (10 vs 6 hours, p <0.0001).
Treadmill test results were negative in a large majority of
patients, <20% were positive, and the remainder was nondiagnostic (Table 2). All but 2 patients with negative
treadmill tests were discharged directly from the CPU.
These 2 patients were discharged after further evaluation by
negative cardiac stress imaging. Of the patients with positive
treadmill tests (n ¼ 28, 17%), 11 had further evaluation
(stress imaging 10, coronary angiography 2 [1 patient had
both imaging and angiography]), which was negative in all,
and they were discharged directly from the CPU. In the
remaining 17 patients, the treadmill test results were
considered false positive and/or low risk, and these patients
were also directly discharged. Of the 19 nondiagnostic
treadmill tests, 18 were considered low risk, and these patients were directly discharged from the CPU without
further testing. The nineteenth patient in this group was
discharged after negative MSS. Approximately half of the
patients who underwent treadmill testing had a functional
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Table 1
Patient characteristics (n ¼ 403)
Variable
Age (years)
Mean (SD)
Range
30-39
40-49
50
Ethnicity
White
Hispanic
Black
Asian American*
Other
Unknown
Cardiac risk factors
0-1
2

42  4
30-50
110 (27%)
278 (69%)
15 (4%)
160
56
69
34
20
64

(40%)
(14%)
(17%)
(8%)
(5%)
(16%)

328 (81%)
75 (19%)

* Includes Filipino, Indian, Fijian, and other Paciﬁc Islander.

Table 2
Exercise treadmill test results (n ¼ 162)
Test Result
Positive*
Negative
Nondiagnostic
METS
3
4-7
8-10
11-14
>14
Exercise-Induced Chest Pain
þ
0

28 (17%)
115 (71%)
19 (12%)
13
66
63
17
3

(8%)
(41%)
(39%)
(10%)
(2%)

20 (12%)
142 (88%)

* Exercise-induced ischemic ST segment depression.

capacity of 8 to 14 METs and almost 90% had no exerciseinduced chest pain.
Stress imaging as the initial cardiac test was performed
by stress echocardiography (n ¼ 19) or MSS (n ¼ 7). All
except 2 of these tests were negative, resulting in discharge.
Two tests were positive for reversible perfusion defects, 1 of
which was a false positive based on normal coronary
angiography and 1 was considered low risk because the
perfusion defect was small. Coronary angiography result
was normal in 7 patients, and they were directly discharged.
In 4 patients, this was the only test performed based on
attending physician discretion. It was applied in an additional 3 patients for further evaluation of positive noninvasive tests (2 positive treadmill tests, 1 positive MSS).
LOS varied from <2 to >24 hours. Mean LOS in patients without cardiac stress testing was signiﬁcantly shorter
than in those with testing (6 vs 10 hours, p <0.0001). In
patients who underwent cardiac testing, LOS was <2 hours
in 32% and 12 hours in 66%. In patients who did not
undergo cardiac stress testing, LOS was <2 hours in 50%
and 12 hours in 84%.
Follow-up status was obtained in 87% of patients (n ¼ 349)
at 30 days after discharge and in 80% of patients (n ¼ 321) at
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6 months. There were no major adverse outcomes in any of the
patients. Thirteen percentage of patients (n ¼ 54) were lost to
follow-up, and in 20%, follow-up was <6 months. Although
age was greater in the followed group (p <0.05), this difference was not clinically important (followed 42.3 vs no followed 41.3 years). Average number of cardiac risk factors in
the followed and no followed groups was <1 in each.
Discussion
To our knowledge, this is the ﬁrst study that exclusively
evaluates young women presenting to the ED with apparently low-risk chest pain. In this selected group of patients,
no one had ACS on index admission or follow-up. Our results support our hypothesis that low-risk women can be
accurately and safely managed in a CPU and promptly
discharged. In addition, not all such patients require predischarge cardiac testing. Our criteria for low risk were
veriﬁed by patients’ benign outcomes. Low risk was further
supported by the absence of exercise-induced chest pain in
almost 90% of our study cohort and good-to-excellent
functional capacity in approximately 50%.
Although whites comprised the largest ethnic group in
our study, other ethnicities were represented. The cardiac
proﬁles of these patients indicated low risk for ACS based
on age, number of risk factor, and no history of coronary
disease. This group accounts for a signiﬁcant proportion of
women presenting to the ED with chest pain.1,12 Furthermore, young women with ACS have a high morbidity and
mortality and are a group in which ACS diagnosis is most
frequently missed in the ED.7,8 It is therefore essential that
these patients receive thorough evaluation when presenting
to the ED with chest pain.1,7,13
Recent data indicate that predischarge cardiac testing
may not be necessary in evaluation of patients at very low
risk and emphasize the utility of physician discretion in the
evaluation of this group.14e17 These ﬁndings support a
changing paradigm in the management of patients at low
risk presenting to the ED. A key factor in cost-effectiveness
of patient management is LOS, and rapid evaluation in
CPUs has contributed to this goal.1 Utilization of computed
tomography coronary angiography also reduces LOS
compared with usual care of low-risk chest pain. In one
report, this method decreased LOS to 23 hours compared
with 31 hours with usual care.18 In contrast, our study
demonstrated that LOS was only 10 hours in patients
receiving cardiac testing and 6 hours in the nontested patients. Even shorter LOS has been reported with a 2-hour
accelerated diagnostic protocol using high-sensitivity cardiac troponin and no cardiac testing.19 Thus, recognition
that all patients at low risk do not require predischarge
testing can signiﬁcantly decrease LOS and improve costeffectiveness.
Our study has several limitations, which include the
inherent obstacles of a retrospective investigation. However,
it is the only study of which we are aware devoted exclusively to low-risk young women presenting to the ED with
chest pain. Although 6-month follow-up is incomplete
(80%), this is relatively high for a retrospective study, and
there were no clinically important differences in those lost to
follow-up and those with 6-month follow-up. In addition,

duration of follow-up (6 months) is longer than the conventional 30-day period in many post-CPU studies. Details
of patients’ chest pain did not serve as selection criteria for
predischarge cardiac testing, physician discretion determined the application of this approach. However, there were
no signiﬁcant differences between tested and nontested patients in age and ethnicity, and the average number of risk
factors in both groups was very low.
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