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Background:	Cardiac	stress	tests	for	diagnosis	of	coronary	artery	disease	(CAD)	are	incompletely	
sensitive	and	specific.	

Objective:	We	examined	the	frequency	of	significant	CAD	in	patients	presenting	to	the	emergency	
department	(ED)	with	chest	pain	who	have	had	a	recent	negative	or	inconclusive	(<85%	of	predicted	
maximum	heart	rate)	cardiac	stress	test.	

Methods:	This	was	a	retrospective	chart	review	of	patients	identified	from	ED	and	cardiology	
registries	at	the	study	hospital.	We	included	patients	presenting	to	the	ED	with	a	chief	complaint	of	
chest	pain,	with	a	negative	cardiac	stress	test	in	the	past	three	years	as	the	last	cardiac	test,	and	
hospital	admission.	One-hundred	sixty-four	patients	met	the	inclusion	criteria.	Their	admission	was	
reviewed	for	diagnosis	of	CAD	by	positive	serum	troponin,	percutaneous	coronary	intervention,	or	
positive	stress	test	while	an	inpatient.	

Results:	Of	164	patients,	122	(74.4%,	95%	CI	67.7,	81.1)	had	a	negative	stress	test	prior	to	the	
index	admission,	while	42	(25.6%,	95%	CI	18.9,	32.3)	had	otherwise	normal	but	inconclusive	stress	
tests.	Thirty-four	(20.7%,	95%	CI	14.4,27.0)	of	the	included	patients	were	determined	to	have	CAD.	
Twenty-five	of	the	122	patients	(20.5%,	95%	CI	13.3,	27.7)	had	negative	pre-admission	stress	tests	
and	nine	of	42	patients	(21.4%,	95%	CI	9.0,	33.8)	had	inclusive	stress	tests	of	CAD.	A	statistical	
comparison	between	these	two	proportions	showed	no	significant	difference	(p	=	.973).	

Conclusion:	Due	to	inadequate	sensitivity,	negative	non-invasive	cardiac	stress	tests	should	not	be	
used	to	rule	out	CAD.	Patients	with	negative	stress	tests	are	just	as	likely	to	have	CAD	as	patients	
with	inconclusive	stress	tests.	[West	J	Emerg	Med	2010;	11(4):384-388.]

INTRODUCTION
In 2007 the Centers for Disease Control and Prevention 

(CDC) reported chest pain as the second most common reason 
for emergency department (ED) visits (5%) in the United 
States (U.S.). Almost six million patients presented to the ED 
in 2005 complaining of chest pain.1 The CDC also reports that 
heart disease accounted for over four million admissions to 
U.S. hospitals in 2005.2 

It can be difficult to determine whether or not a patient 
with chest pain needs hospital admission. Greater accuracy in 

identifying chest pain patients who can be safely discharged 
home might help to reduce hospital and ED crowding. 
Unfortunately, discharging chest pain patients carries risk. One 
large multicenter study by Pope found that 2.1% of acute 
myocardial infarctions (AMI) were mistakenly discharged 
home from the ED, as were another 2.3% of patients with 
proven unstable angina (USA).3 

Disposition decisions can be more difficult in patients 
with a recent negative cardiac stress test. Cardiac stress tests 
for diagnosing coronary artery disease (CAD) range in 
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sensitivity from 67% to 85% and specificity from 70% to 95% 
depending on the study referenced and the type of stress test 
performed.4 This sensitivity and specificity may not be 
sufficient to make disposition decisions on patients presenting 
to the ED with chest pain.  

A few recent studies have further examined this clinical 
dilemma. Nerenberg et al found no difference between ED 
admission rates and 30-day cardiovascular event rates in 
patients with and without a prior normal stress test. Also, 
while patients with a prior abnormal stress test were admitted 
more frequently, there was no statistically significant 
difference in adverse outcomes among patients with a 
previous abnormal stress test, a previous normal stress test, or 
no previous stress test.5 Smith et al studied the incidence of 
AMI, defined by an elevated troponin in patients presenting to 
the ED within three years after a documented normal stress 
test with subsequent admission and found that 4.8% of the 
patients had an AMI.6

The purpose of this study was to examine the frequency 
with which significant CAD is found in patients presenting to 
the ED with chest pain who have had a negative cardiac stress 
test within three years. 

METHODS
This was an IRB-approved retrospective chart review of 

patients presenting to the ED with a chief complaint of chest 
pain and a negative cardiac stress test in the three years 
preceding presentation. This timeframe was chosen because 
consensus opinion of cardiologists at our institution viewed 
older stress test results as unreliable. We reviewed charts for 
adverse cardiac events in the 30 days after ED presentation as 
described below. 

This study was conducted at a community teaching 
hospital with an ED census of 70,610 visits in 2007. Of these 
visits, 5,591 (7.9%, 95% CI 7.7, 8.1) were for chest pain. Of 
the 19,501 patients admitted from the ED in 2007, 17.5% 
(95% CI 17.0, 18.0) were for patients > 18 years who 
presented with a chief complaint of chest pain. From August 
2005 through February 2008 (31 months), 2910 stress tests 
were performed locally. There was a single large cardiology 
group in our region, allowing data capture from all locally-
performed stress tests (both in our hospital and outside the 
institution). The negative stress tests performed on the 164 
patients included in the study represent 5.6% of the total stress 
tests performed. Included patients could have had a positive 
stress test at an outside institution, but this was felt unlikely 
because of the long distance to the nearest outside facilities 
that perform stress tests.

 We used the hospital’s cardiology registry, which began 
in August 2005, to obtain a list of patients to evaluate for 
inclusion. The database only recorded patients who had stress 
echocardiograms (both treadmill and pharmaceutical). No 
database for electrocardiogram (ECG)-only stress tests or 
nuclear stress tests was available. The stress test recorded in 

the study, however, was the most recent study on record, so 
some nuclear stress tests and ECG-only studies were included 
if the patients from the cardiology database had one of these 
types of stress tests closer to the ED encounter. For patients 
who had multiple past stress tests, we also collected data on 
the most recent stress test. Thus, for all patients in the study, 
only results from the most recent stress test on record prior to 
admission were used for analysis. 

We then used an ED patient registry to obtain a second 
database of patients who were > 18 years old and presented to 
the ED during this same time frame with a recorded chief 
complaint of “chest pain,” “CP,” “chest tightness,” or “chest 
pressure,” and the patient was admitted to the hospital. If one 
of these patients presented multiple times during the time 
period with the above chief complaints, each visit was counted 
as a separate encounter, as each visit would represent the same 
disposition dilemma to the emergency physician.

The stress test database and ED database were then 
compared to identify study patients. We found that 337 
patients >18 years old who presented to the ED with chest 
pain had undergone a stress test (regardless of result) prior to 
their ED visit and were admitted. 

Each of the patient encounters in the final database 
underwent a thorough chart review by a single reviewer (MG). 
Patients were excluded if their most recent stress test within 
three years was positive, or if they had cardiac catheterization 
or coronary artery bypass grafting (CABG) between the stress 
test and their ED visit. 

A positive stress test was defined as any positive 
individual aspect of the test, as reported by the interpreting 
cardiologist. This included clinically positive studies with 
chest pain, as well as ischemic changes on ECG, 
echocardiogram, or nuclear imaging. Official stress test 
reports provided at our institution include a summary 
statement of the cardiologist’s interpretation of the test. Tests 
were considered positive for the purposes of this study if the 
cardiologist interpretation included a description of possible 
ischemic changes or other evidence of CAD. All other stress 
tests results were considered negative. Of note, those stress 
tests that did not meet any of the positive criteria but were 
considered inconclusive because they did not reach the 85% 
maximum heart rate target were included in the negative 
group, and analyzed as a separate subgroup. 

For our patients, the type of stress test performed, the 
time between stress test and admission, and evidence of 
CAD within 30 days of admission were recorded using a 
standardized data collection sheet. We defined significant 
CAD within 30 days as a myocardial infarction identified 
by positive cardiac markers, subsequent positive stress test 
of any type, cardiac catheterization requiring intervention 
(angioplasty or medical management but no stent placed as 
reported on catherization report), CABG, or death due to 
medical cardiac arrest. 

Walker et al. Coronary Disease
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RESULTS
 We reviewed 337 patient encounters; 173 patients were 

excluded due to positive stress test (111 patients), history of 
another previous positive cardiac stress test within three years 
of admission, or interval cardiac catheterization or CABG (62 
patients). The remaining 164 met all inclusion criteria. The 
mean age was 55 years old (range of 27-93; SD 15). There 
were 82 males. Of the 164 patients included, 122 (74.4%, 95% 
CI 67.7, 81.1) had a prior negative stress test and the 
remaining 42 (25.6%, 95% CI 18.9,32.3, ±6.68%) had a prior 
inconclusive stress test. Table 1 provides a summary of this 
data.

The distribution of time between the most recent stress 
test and ED visit is shown in Figure 1. The majority of patients 
had a treadmill echocardiogram as their most recent stress test 
(83 patients, 50.6%, 95% CI 43.0, 58.3). Other types of stress 
tests included pharmacologic echocardiograms (59 patients, 
35.9%, 95% CI 28.6, 43.2), pharmacologic nuclear studies (16 
patients, 9.8%, 95% CI 5.3, 14.4), treadmill nuclear studies (5 
patients, 3.0%, 95% CI 0.4, 5.6), and a treadmill ECG only 
study (1 patient, 0.6%, 95% CI -0.6, 1.8). [Figure 2]

Of the 164 patients, 34 (20.7%, 95% CI 14.4, 27.0) had 
significant CAD within 30 days of admission. Twenty-five 
(20.5%, 95% CI 13.3, 27.7) of the 122 s who had a negative 
stress test had CAD, while nine (21.4%, 95% CI 14.1, 28.7) of 
42 who had an inconclusive stress test had CAD.

When examining the time between the most recent stress 
test and hospital admission for patients who had significant 
CAD, and of the 34 patients who developed CAD, eight 
(23.5%, 95% CI 9.3, 37.8) had their most recent stress test 
within one month of admission. Seven were (20.6%, 95% CI 
7.0, 34.2) between one and three months, one (2.9%, 95% CI 
-2.7, 8.5) between three and six months, 11 (32.4%, 95% CI 
16.7, 48.1) between six months and one year, and seven 
(20.6%, 95% CI 7.0, 34.2) within one to three years. [Figure 3]

Of patients with significant CAD, 20 (58.5%, 95% CI 
41.9, 75.1) had a treadmill echocardiogram as their most 
recent stress test, 10 (29.4%, 95% CI 14.1, 44.7) had a 
pharmacologic echocardiogram, and four (11.8%, 95% CI 1.0, 
22.6) had a pharmacologic nuclear study. None had a treadmill 
nuclear or treadmill ECG only study. [Figure 4] 

Of the 164 patients with negative stress test prior 
to admission, 24 (14.6%, 95% CI 9.2,20.0) had a heart 
catheterization in which an intervention was performed, 13 
(7.9%, 95% CI 3.8,12.0) had an AMI, nine (5.5%, 95% CI 
2.0,9.0) had a positive stress test, one (0.6%, 95% CI -0.6,1.8) 
had a CABG and one (0.6%, 95% CI -0.6,1.8) died [Figure 5]. 
Some patients had more than one indicator of CAD. Table 2 
shows the different combinations of CAD indicators found in 
the 34 patients with CAD. 

DISCUSSION
The disposition of patients presenting to the ED with the 

chief complaint of chest pain is complex. When no definitive 

Figure 1. Timing	of	stress	test	prior	to	emergency	department	visit

Figure 2. Type	of	stress	test

Figure 3. Timing	of	negative	stress	test	in	patients	with		coronary	
artery	disease	(CAD)
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diagnosis can be made, the decision to admit or discharge is 
often based on the physician’s level of suspicion of acute 
coronary syndrome (ACS). One study found that 2.1% of 
patients with AMI and 2.3% with USA were inappropriately 
discharged home.3 The goal of the emergency physician is to 
minimize the number of patients discharged home with ACS. 
At the same time, limited hospital resources may place 
pressure on physicians to minimize the number of patients 
admitted for possible ACS. 

Cardiac stress testing is one modality used to screen 
patients for CAD. The goal of the stress test is to identify a 
fixed obstruction to coronary blood flow, such as in stable 
angina. However, in ACS including AMI and USA, the 
underlying pathophysiology is plaque rupture and thrombus 
formation. The lesion may not have been significant enough to 

Figure 4. Number	of	patients	that	ruled	in	by	type	of	stress	test

Figure 5. Thirty-day	adverse	cardiac	events

be detected on stress testing.5 Therefore, the use of a negative 
stress test to determine the disposition of ED chest pain 
patients is questionable. 

In our study, 20.7% of patients presenting to the ED with 
a negative stress test within three years of presentation still 
had significant CAD. A fraction of these were technically 
inconclusive based on not achieving 85% of the maximum 
predicted heart rate for age (25.6%). However, there was no 
difference between patients whose stress test was negative 
compared to those whose tests were negative but technically 
inconclusive based on heart rate (20.5% vs. 21.4% 
respectively).

Our results suggest that a negative stress test is unreliable 
in ruling out CAD. In a similar study, Smith found that 4.8% 
of patients presenting to the ED within three years after a 
normal stress test had an AMI.6 While there is some 
discrepancy between the total percentage of AMI found in 
Smith’s study and ours (4.8% versus 7.9%), both studies call 
into question the use of prior negative stress test results in ED 
disposition of patients with chest pain.

In a cohort study Nerenberg evaluated the disposition 
decisions of ED physicians on1,853 patients presented to the 
ED with chest pain, 291 of whom had a negative prior stress 
test. A previous negative stress test did not significantly 
change the rate of admission to the hospital. The study also 
measured secondary outcomes of 30-day cardiac events in 
both admitted and discharged patients. There was no 
significant difference in adverse events between patients who 
had a positive stress test, a negative stress test, or no previous 
stress test; 5.2% of the patients who had a previous negative 
stress test had an adverse cardiac event. The study defined 
adverse cardiac events in similar terms as our study, including 
AMI, catheterization requiring intervention, CABG, or death.4 

The most likely explanation for the difference in 30-
day adverse events between the Nerenberg study (5.2%) 
and ours (20.7%) is that their study included both admitted 
and discharged patients, while ours only included patients 
admitted from the ED. Patients discharged from the ED would 
be expected to have a lower occurrence of adverse events than 
those admitted. Thus, our study would be expected to find 
more patients with indicators of significant CAD. Also, both 
studies were performed with data from a single institution in 
different geographic and economic areas, which could indicate 
different subsets of the population with different prevalence 
of CAD. Ultimately, however, both studies find significant 
numbers of patients with previous negative stress testing who 
were found to have CAD.

LIMITATIONS
The design of the study as a retrospective chart review 

from a single institution has inherent limitations. Unique 
characteristics of our patient population or our institutional 
standards in decision-making may not make our findings 
applicable to other settings. Because of the retrospective 

Walker et al. Coronary Disease
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nature of the study, only admitted patients could be assessed 
for adverse cardiac events, which likely introduces selection 
bias, as admitted patients would be expected to have a higher 
prevalence of CAD than those discharged home. Also, if a 
patient presented multiple times, we considered each visit 
separately. If the indicator of CAD was only found on the last 
visit, this could have slightly diluted the true frequency of 
CAD.

The relatively small sample size in our study produces 
additional limitations. We do not have enough samples in each 
group to determine statistically significant differences between 
the types of stress tests and between the various time frames 
from the most recent stress test and admission. It is possible 
that some types of stress tests may be better than others as a 
negative predictor of CAD. Likewise, the time between the 
last stress test and presentation to the ED could have a more 
significant role than our study would indicate. A much larger 
data sample is needed to detect significant differences in these 
subgroups.

Another limitation is that we used a positive stress test 
after admission as a marker of CAD. Since a positive stress 
test prior to admission was used as an exclusion criterion for 
the study, the use of a positive stress test as a marker of CAD 
after admission may be reasonable. However, it is possible 
that patients with a positive stress test after admission did not 
have CAD demonstrated by other means. A positive stress test, 
however, is almost always followed by further evaluation and 
possibly intervention.

We were limited by the data available. Our cardiology 
database of stress tests only dated back to August 2005 and 
only included exercise and pharmaceutical echocardiograms. 
This certainly reduced the number of included patient 
encounters in our study and may have been an unavoidable 
source of selection bias. Twenty-two of the 164 (13.4%) 
included patient encounters had a most recent stress test that 
was one other than a pharmaceutical or treadmill 
echocardiogram. Four of the 22 patients (18.8%) had CAD on 
admission (Figure 4), which is consistent with the overall 
incidence of the study. Therefore, it is uncertain how the 
results would be affected if more nuclear studies had been 
included. 

Finally, abstractors were not blinded to the hypothesis 
of the study so we did not follow the guidelines set for by 
Worster et al.13

CONCLUSION
A previous negative stress test cannot be used alone to 

rule out CAD in patients presenting to the ED with chest 
pain. In this study, 20.7% of patients with negative stress tests 
within three years prior to presentation had significant CAD 
within 30 days of admission. Further studies are needed to 
determine the role that previous stress testing should play in 
determining the disposition of chest pain patients.
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