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IMPORTANCE The incremental benefit of noninvasive testing in addition to clinical evaluation
(history, physical examination, an electrocardiogram [ECG], and biomarker assessment) vs
clinical evaluation alone for patients who present to the emergency department (ED) with
acute chest pain is unknown.

OBJECTIVE To examine differences in outcomes with clinical evaluation and noninvasive
testing (coronary computed tomographic angiography [CCTA] or stress testing) vs clinical
evaluation alone.

DESIGN, SETTING, AND PARTICIPANTS This study was a retrospective analysis of data from the
randomized multicenter Rule Out Myocardial Ischemia/Infarction by Computer Assisted
Tomography (ROMICAT-II) trial. Data for 1000 patients who presented with chest pain to the
EDs at 9 hospitals in the United States were evaluated.

INTERVENTIONS Clinical evaluation plus noninvasive testing (CCTA or stress test) vs clinical
evaluation alone.

MAIN OUTCOMES AND MEASURES Primary outcome was length of stay (LOS). Secondary
outcomes included hospital admission, direct ED discharge, downstream testing, rates of
invasive coronary angiography, revascularization, major adverse cardiac events (MACE),
repeated ED visit or hospitalization for recurrent chest pain at 28 days, and cost. Safety end
points were missed acute coronary syndrome (ACS) and cumulative radiation exposure
during the index visit and follow-up period.

RESULTS Of the 1000 patients randomized, 118 patients (12%) (mean [SD] age, 53.2 [7.8]; 49
[42%] were female) did not undergo noninvasive testing, whereas 882 (88%) (mean [SD]
age, 54.4 [8.14] years; 419 [48%] were female) received CCTA or stress testing. There was no
difference in baseline characteristics or clinical presentation between groups. Patients who
underwent clinical evaluation alone experienced a shorter LOS (20.3 vs 27.9 hours; P < .001),
lower rates of diagnostic testing (P < .001) and angiography (2% vs 11%; P < .001), lower
median costs ($2261.50 vs $2584.30; P = .009), and less cumulative radiation exposure (0 vs
9.9 mSv; P < .001) during the 28-day study period. Lack of testing was associated with a
lower rate of diagnosis of ACS (0% vs 9%; P < .001) and less coronary angiography and
percutaneous coronary intervention (PCI) during the index visit (0% vs 10%; P < .001, and
0% vs 4%; P = .02, respectively). There was no difference in rates of PCI (2% vs 5%; P = .15),
coronary artery bypass surgery (0% vs 1%; P = .61), return ED visits (5.8% vs 2.8%; P = .08),
or MACE (2% vs 1%; P = .24) in the 28-day follow-up period.

CONCLUSIONS AND RELEVANCE In patients presenting to the ED with acute chest pain,
negative biomarkers, and a nonischemic ECG result, noninvasive testing with CCTA or stress
testing leads to longer LOS, more downstream testing, more radiation exposure, and greater
cost without an improvement in clinical outcomes.
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A n acute coronary syndrome (ACS) is usually caused by
the rupture, fissure, or erosion of an atherosclerotic
plaque resulting in intraluminal coronary thrombosis

and downstream myocardial injury or infarction (MI).1

Approximately 10 million patients present to emergency de-
partments (EDs) in the United States annually with chest pain
suggestive of an ACS, presenting a frequent challenge to ED
physicians.2 The most appropriate testing strategy to exclude
the diagnosis of ACS is controversial, and the stakes are high,
given the potential consequences of missed diagnoses
of ACS, both in terms of patient outcomes3 and malpractice
litigation.4-6 Cardiac computed tomographic angiography
(CCTA) is an advanced imaging modality with excellent nega-
tive predictive value for the diagnosis of coronary artery dis-
ease (CAD). Multiple large, multicenter, randomized clinical
trials have demonstrated that CCTA is a safe and effective al-
ternative to standard evaluation in the ED when imple-
mented early in the evaluation of chest pain and is associated
with reduced length of stay (LOS).7-12

As an anatomic evaluation of the coronary arteries, a com-
pletely normal CCTA result effectively rules out CAD and the
substrate for ACS. However, although almost all patients with
ACS have CAD, only a small minority of patients with CAD have
ACS. Thus, the presence of CAD on CCTA in a patient with chest
pain does not prove a causal relationship between the chest pain
and an ACS. Likewise, the presence of ischemia on a stress test
suggests the diagnosis of CAD but does not prove that an ACS
is the cause of the chest pain. Given that diagnosis of an ACS in
a patient with chest pain is based on the demonstration of myo-
cardial injury or infarction on electrocardiography (ECG) and/or
biomarkers and that anatomic (CCTA) and functional (stress)
testing diagnose a different albeit predisposing condition (CAD),
we hypothesized that noninvasive testing would provide no
clinical benefit beyond clinical evaluation including history,
physical examination, ECG, and biomarker analysis. Using
data from the Rule Out Myocardial Ischemia/Infarction by
Computer Assisted Tomography (ROMICAT-II) trial, we com-
pared the effectiveness, safety, including radiation exposure
and downstream testing, and cost of clinical evaluation and
noninvasive cardiac testing with clinical evaluation alone.

Methods
Data Source
Deidentified data were obtained from the ROMICAT-II trial
through the Biologic Specimen and Data Repository Informa-
tion Coordinating Center (BioLINCC) of the National Heart
Lung and Blood Institute under a data use agreement. The
Washington University Human Research Protection Office
granted this study an exemption from institutional review
board oversight. The study was approved by the institutional
review board at each participating site, and all participants
provided written informed consent.

Study Design
ROMICAT-II was a randomized, multicenter clinical trial con-
sisting of 1000 patients seen at 9 hospitals in the United States

between April 23, 2010, and January 30, 2012. The trial was
designed to evaluate use of CCTA as a first diagnostic test as
early as possible compared with standard ED evaluation of
acute chest pain suggestive of ACS. The study design, inclu-
sion, and exclusion criteria, and primary results were re-
ported previously.10,13 Eligible patients were 40 to 74 years old
and presented to the ED during weekday, daytime hours with
symptoms suggestive of ACS but without ischemic ECG changes
or a positive troponin test result on initial laboratory evalua-
tion. All patients had chest pain or an anginal equivalent of at
least 5 minutes duration within 24 hours of ED presentation,
were in sinus rhythm, and warranted further risk stratifica-
tion to rule out ACS as determined by an attending physician
in the ED. Major exclusion criteria included new diagnostic is-
chemic changes on the initial ECG, initial troponin level in ex-
cess of the 99th percentile of the local assay, history of known
CAD, impaired renal function (creatinine level >1.5 mg/dL
[12.6 μmol/L]), hemodynamic or clinical instability, known
allergy to iodinated contrast agents, body mass index (BMI,
calculated as weight in kilograms divided by height in meters
squared) greater than 40, or symptomatic asthma. (See the Trial
Protocol in the online Supplement.)

All patients were randomized either to CCTA as part of
the initial evaluation or to the standard ED evaluation strat-
egy, as dictated by local attending physicians in the ED.
CCTA was performed with at least 64-slice computed tomo-
graphic technology; both retrospectively ECG-gated and pro-
spectively ECG-triggered CCTA protocols were permitted.
The use of tube modulation to lower radiation exposure was
strongly encouraged. Nine patients randomized to CCTA
underwent no testing during the index visit. The standard
ED evaluation strategy was performed at the discretion of
the local clinicians and included no further diagnostic test-
ing (n = 109) or functional testing (exercise treadmill test,
exercise or pharmacological nuclear imaging, stress echocar-
diography). Patients were contacted by phone within 72
hours if discharged within 24 hours of ED presentation to
evaluate for possible missed ACS. Patients were followed up
for 28 days after discharge from the ED or hospital by phone

Key Points
Question Does clinical evaluation and noninvasive cardiac testing
improve outcomes in patients who present to the emergency
department (ED) with acute chest pain compared with clinical
evaluation alone?

Findings In this secondary analysis of data from a randomized
clinical trial, patients who underwent clinical evaluation without
noninvasive testing had a shorter length of stay, less diagnostic
testing, lower cumulative radiation exposure, and reduced cost;
there was no difference in missed diagnosis of acute coronary
syndromes, development of major adverse cardiac events, and
return ED visits.

Meaning Noninvasive testing to rule out acute coronary
syndromes in low- and intermediate-risk patients who present to
the ED with chest pain seems to provide no clinical benefit over
clinical evaluation alone.
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interview and questioned regarding repeated ED visits or
hospitalizations for recurrent chest pain and diagnostic test-
ing/interventions; reported events were verified with medi-
cal records.

This analysis focused on comparing differences between
patients who received clinical evaluation and noninvasive
testing in either intervention arm and patients who received
clinical evaluation with no noninvasive testing during the
index ED evaluation. Noninvasive testing was defined as
CCTA, treadmill exercise stress test, stress echocardiogra-
phy, or a myocardial perfusion single-photon emission com-
puted tomography (SPECT) study.

End Points
The primary end point was LOS, defined as the time from ED
presentation to the time of the discharge order. Secondary
effectiveness end points included rates of direct ED dis-
charge (defined as the proportion of patients discharged
from the ED without being admitted to an observation unit
or hospital), hospital admission, and diagnostic testing
(defined as any of CCTA, exercise treadmill test, nuclear
stress test, or stress echocardiography). Additional second-
ary end points included rates of invasive coronary angiogra-
phy, percutaneous coronary intervention (PCI) or coronary
artery bypass surgery (CABG), major adverse cardiac events
(MACE), defined as death, myocardial infarction, unstable

angina, or urgent coronary revascularization within 28 days,
and repeated ED visit or hospitalization for recurrent chest
pain at 28 days. In a subset of 649 patients (69 with clinical
evaluation alone and 580 with noninvasive testing), health
care costs during the index care episode were assessed from
hospital cost-accounting systems and physician billing rec-
ords and were adjusted to 2011 dollars. Mean costs for
patient care, diagnostic testing, and interventions during the
index care episode were used to estimate the costs during
follow-up. Safety end points included missed ACS (unex-
pected cardiovascular event within 72 hours after hospital
discharge in patients with a hospital stay of <24 hours) and
cumulative radiation exposure during the index visit and
follow-up period. Radiation exposure from testing was cal-
culated in millisieverts for CCTA, nuclear perfusion imaging
and invasive coronary angiography using standard
methods14; a conversion coefficient of 0.014 for the chest
was used for CCTA scans.

Statistical Analysis
Comparisons between groups were conducted using 2-sample
t test and Fisher exact test for continuous and categorical vari-
ables, respectively. Ordinal variables and variables with non-
normal distributions were summarized by the median (first
quartile, third quartile) and compared using the Mann-
Whitney U test. P < .05 was considered statistically signifi-
cant. Length of stay was also examined via failure curves, which
were compared with the log-rank test. Given the nonrandom-
ized derivation of the study groups, outcomes were also com-
pared between tested and nontested groups using inverse prob-
ability of treatment weighting (IPTW). Use of IPTW creates a
pseudopopulation in which covariates are independent of treat-
ment (ie, are balanced between treatment groups). The prob-
ability for testing assignment was determined from a logistic
regression model containing the following independent vari-
ables: age; sex; race; hypertension; diabetes; hyperlipidemia;
smoking status; family history of CAD, ACS, and MI; number
of risk factors; aspirin use; β-blocker use; statin use; chief com-
plaint; history of heart failure; history of peripheral vascular
disease; history of chronic obstructive lung disease; heart rate;
systolic blood pressure (BP); diastolic BP; and BMI. The in-
verse of the probability of group assignment was then used to
create a weight for each patient. To lessen influential weights,
weights were stabilized via methods of Robins15,16 and
Robins et al.17 Standardized differences were calculated
to examine covariate balance before and after IPTW. Standard-
ized differences before and after IPTW are presented in Figure 1.
All covariates had standardized differences of less than 0.10
after IPTW. For dichotomous outcomes and LOS, weighted
logistic and linear regression models were created, respec-
tively, and robust standard errors were used to compare groups.
For dichotomous outcomes in which the nontested group
did not have any events, models were not estimable and
weighted χ2 test results were reported instead. All other con-
tinuous outcomes with skewed distributions were compared
using a weighted rank-based test.18

All analyses were conducted in SAS statistical software
(version 9.4; SAS Institute Inc) and R “survey” package.

Figure 1. Standardized Differences in Baseline Characteristics
Between Patients Receiving Clinical Evaluation and Noninvasive Testing
vs Clinical Evaluation Alone
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Standardized differences in baseline characteristics between patients
receiving clinical evaluation and noninvasive testing vs clinical evaluation
alone before and after inverse probability of treatment weighting (IPTW).
CAD/ACS/MI indicates coronary artery disease/acute coronary
syndrome/myocardial infarction; COPD, chronic obstructive pulmonary
disease; HF, heart failure; PVD, peripheral vascular disease.

Research Original Investigation Noninvasive Cardiac Testing vs Clinical Evaluation Alone

214 JAMA Internal Medicine February 2018 Volume 178, Number 2 (Reprinted) jamainternalmedicine.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.7360


Results

Of the 1000 patients in ROMICAT-II, 882 (88%) received some
form of noninvasive cardiac testing during the index ED evalu-
ation (mean [SD] age, 54.4 [8.14] years; 419 [48%] were fe-
male), while 118 (12%) (mean [SD] age, 53.2 [7.8]; 49 [42%] were
female) underwent clinical evaluation with no additional test-
ing beyond ECG and biomarker assessment. Table 1 includes the
baseline characteristics of the ROMICAT-II patients who under-
went clinical evaluation and noninvasive testing or clinical
evaluation alone. There was no significant difference between
groups with respect to age, sex, or race. The incidence of

hypertension, diabetes, and hyperlipidemia as well as smok-
ing history, family history of CAD, and the number of CAD risk
factors were similar between groups. The groups did not differ
in resting heart rate, systolic or diastolic BP, or BMI. The pa-
tients who underwent clinical evaluation alone were more com-
monly diagnosed as having noncardiac chest pain compared
with the noninvasive testing group (107 [91%] vs 764 [87%]),
and less commonly diagnosed with ACS (0 [0%] vs 75 [9%]).

Primary and Secondary Effectiveness End Points
Unadjusted and adjusted outcomes are displayed in Table 2.
In the adjusted analysis, patients who underwent clinical
evaluation alone had significantly reduced LOS compared

Table 1. Patient Characteristics by Evaluation Group

Variable

No. (%)

P Value

Clinical Evaluation
Only
(n = 118)

Clinical Evaluation
and Noninvasive Testing
(n = 882)

Age, mean (SD), y 53.2 (7.79) 54.4 (8.14) .14

Female 49 (42) 419 (48) .24

Race .23

White 73 (62) 586 (66)

African American 34 (29) 247 (28)

Other 11 (9) 49 (6)

Hypertension 67 (57) 474 (54) .56

Diabetes 17 (14) 156 (18) .44

Hyperlipidemia 47 (40) 407 (46) .20

Former or current smoking 61 (52) 431 (49) .62

First-degree relative with CAD/ACS/MI 28 (24) 243 (28) .44

Risk factors .90

0-1 44 (37) 329 (37)

2-3 64 (54) 464 (53)

≥4 10 (8) 89 (10)

Medications

Aspirin 25 (21) 203 (23) .73

β-Blockers 21 (18) 149 (17) .79

Statins 35 (30) 259 (29) >.99

Chief complaint .44

Anginal chest pain 104 (88) 792 (90)

Epigastric pain 2 (2) 11 (1)

Arm/jaw/shoulder pain 1 (1) 23 (3)

Shortness of breath 2 (2) 15 (2)

Other 9 (8) 41 (5)

Medical history

Congestive heart failure 1 (1) 12 (1) >.99

Peripheral vascular disease 2 (1) 12 (1) .68

Chronic lung disease or COPD 2 (2) 21 (2) >.99

Resting heart rate, mean (SD) 77.5 (15.44) 77.2 (14.24) .87

Systolic blood pressure, mm Hg, mean (SD) 141.6 (21.82) 144.2 (22.84) .23

Diastolic blood pressure, mm Hg, mean (SD) 82.9 (14.10) 83.1 (13.21) .85

BMI, mean (SD) 28.56 (5.21) 29.31 (5.03) .13

Primary discharge diagnosis <.001

Noncardiac chest pain 107 (91) 764 (87)

Noncoronary cardiac chest pain 3 (3) 12 (1)

Cardiac chest pain not meeting ACS criteria 8 (7) 31 (4)

Acute coronary syndrome 0 75 (9) <.001

MI 0 23 (3) .10

Unstable angina 0 52 (6) .002

Abbreviations: ACS, acute coronary
syndrome; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
CAD, coronary artery disease;
COPD, chronic obstructive pulmonary
disease; MI, myocardial infarction.
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Table 2. Clinical and Safety Outcomes by Treatment Groupa

Variable

Unadjusted Analysis

P Value

Adjusted (IPTW) Analysisb

P Value

Clinical
Evaluation
Only
(n = 118)

Clinical Evaluation
and Noninvasive
Testing
(n = 882)

Clinical
Evaluation
Only
(n = 118)

Clinical Evaluation
and Noninvasive
Testing
(n = 882)

Clinical Outcomes, No. (%)

LOS, mean, h 19.6 (SD, 16.01) 27.0 (SD, 34.51) <.001 20.3 (SE, 1.94) 27.9 (SE, 1.16) <.001

LOS, median (IQR), h 18.8 (7.6-26.4) 24.2 (7.8-29.7) .02 21.2 (7.5-26.4) 24.1 (7.8-29.6) .02

Direct ED discharge 34 (29) 261 (30) .91 (30) (30) .98

Hospital admission 28 (24) 204 (23) .91 (25) (23) .67

Diagnostic testing at index <.001 <.001

0 118 (100) 0 (100) (0)

1 0 713 (81) (0) (81)

2 0 132 (15) (0) (15)

≥3 0 37 (4) (0) (4)

Diagnostic testing at index or follow-up <.001 <.001

0 98 (83) 0 (83) (0)

1 19 (16) 690 (78) (16) (78)

2 1 (1) 149 (17) (1) (17)

≥3 0 43 (5) (0) (5)

Exercise treadmill test during index visit 0 159 (18) <.001 (0) (18) <.001

SPECT during index visit 0 174 (20) <.001 (0) (20) <.001

Stress echocardiography during index visit 0 122 (14) <.001 (0) (14) <.001

CCTA during index visit 0 474 (54) <.001 (0) (54) <.001

Invasive coronary angiography

During index visit 0 90 (10) <.001 (0) (10) <.001

During index or follow-up 2 (2) 97 (11) <.001 (2) (11) .008

PCI

During index hospitalization 0 38 (4) .02 (0) (4) .01

During follow-up but not during index visit 2 (2) 4 (0) .15 (2) (0) .13

During index or follow-up 2 (2) 42 (5) .15 (2) (5) .16

CABG

During index hospitalization 0 9 (1) .61 (0) (1) .23

During index or follow-up 0 9 (1) .61 (0) (1) .23

Return ED visits for chest pain within 28 d 8 (7) 25 (3) .047 (6) (3) .08

Major adverse cardiac events 2 (2) 6 (1) .24 (2) (1) .27

Subgroupc (n = 69) (n = 580) (n = 69) (n = 580)

ED costs at index visit, median (IQR), $ 1405.4
(974.7-2261.5)

1942.4
(1543.8-3033.1)

<.001 1467.3
(1037.9-2261.5)

1944.8
(1543.2-3060.4)

<.001

Total costs at index visit, median (IQR), $ 1920.9
(1269.3-2812.5)

2475.4
(1643.4-4006.9)

<.001 2136.8
(1285.9-2989.2)

2460.2
(1644.6-3980.3)

<.001

Total costs, median (IQR), $ 2182.2
(1345.8-3223.6)

2586.0
(1653.9-4118.5)

.002 2261.5
(1400.5-3223.6)

2584.3
(1650.4-4108.8)

.009

Safety Outcomes

Missed ACS within 72 h, No. 0 0 NA 0 0 NA

Median radiation dose, index visit,
(IQR), mSv

0.0 (0.0-0.0) 9.7 (0.0-15.3) <.001 0.0 (0.0-0.0) 9.6 (0.0-15.2) <.001

Median cumulative radiation dose,
(IQR), mSv

0.0 (0.0-0.0) 9.9 (0.0-15.5) <.001 0.0 (0.0-0.0) 9.9 (0.0-15.4) <.001

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass
graft; CCTA, coronary computed tomographic angiography; ED, emergency
department; IPTW, inverse probability of treatment weighting; IQR, interquartile
range; LOS, length of stay; NA, not applicable; PCI, percutaneous coronary
intervention; SPECT, single-photon emission computed tomography myocardial
perfusion imaging.
a All values are given as number (percentage) unless otherwise indicated.

b Summary statistics derived from the pseudopopulation created after applying
IPTW weights.

c Costs among the subset of 649 patients (69 with clinical evaluation alone and
580 with noninvasive testing) with cost data available, adjusted to 2011 US
dollars.
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with those who underwent noninvasive testing (20.3
vs 27.9 hours; P < .001). Figure 2 shows the cumulative dis-
tribution of discharged patients in the clinical evaluation
alone group vs the clinical evaluation plus noninvasive test-
ing group (log-rank P < .001). For the secondary end points,
there was no difference found in rate of direct ED discharge
(30% vs 30%; P = .98) or hospital admission (25% vs 23%;
P = .67).

During the index visit, the noninvasive testing group in-
cluded 713 patients (81%) who received 1 diagnostic test, 132
patients (15%) who received 2 diagnostic tests, and 37 pa-
tients (4%) who received 3 or more tests; by definition, the 118
patients (100%) in the clinical evaluation alone group re-
ceived no diagnostic tests during the index encounter
(P < .001). During the follow-up period, 690 patients (78%) in
the noninvasive testing group received 1 diagnostic test, 149
(17%) received 2 diagnostic tests, and 43 (5%) received 3 or more
tests. During follow-up of the clinical evaluation alone group,
98 patients (83%) underwent no tests, 19 (16%) underwent 1
test, and 1 (1%) underwent 2 tests, while no patients received
3 or more tests (P < .001). The noninvasive testing group had
a higher proportion of patients who underwent coronary
angiography during the index visit (10% vs 0%; P < .001) and
follow-up (11% vs 2%; P = .008). More patients who under-
went noninvasive testing had PCI during the index visit (4%
vs 0%; P = .02) with no difference in PCI following discharge
(0% vs 2%, P = .15). There was no difference in rates of CABG
at the index visit or follow-up (1% vs 0%; P = .23). In the
unadjusted analysis, patients who underwent no testing
had more return visits to the ED for chest pain within 28 days
(8 [7%] vs 25 [3%]; P = .047), whereas after adjustment there
was no difference (5.8% vs 2.8%, P = .08).

After adjustment, costs were significantly lower for the
clinical evaluation cohort, including median ED costs at the
index visit ($1467.30 vs $1944.80; P < .001), median total costs
at the index visit ($2136.80 vs $2460.20; P < .001), and me-
dian total costs for the entire study period ($2261.50 vs
$2584.30; P = .009).

Safety End Points
The noninvasive testing group had greater adjusted radia-
tion exposure during the index visit (median, 9.6 mSv vs
0.0 mSv; P < .001). At follow-up, radiation exposure
remained significantly higher among patients who under-
went noninvasive testing during the index visit (9.9 mSv vs
0.0 mSv; P < .001). There were no cases of missed ACS in
either group and no difference in MACE (6 [1%] vs 2 [2%];
P = .24).

Discussion
In this retrospective analysis of the prospective, randomized
ROMICAT-II trial, patients who presented to the ED with acute
chest pain and underwent only a clinical evaluation had a shorter
LOS and lower radiation exposure without any increase in ad-
verse outcomes compared with patients who underwent non-
invasive testing in addition to clinical evaluation. These pa-
tients were discharged more than 7.5 hours earlier than patients
who underwent noninvasive tests and avoided radiation expo-
sure from cardiac testing. Most important, there were no cases
of missed ACS and no difference in MACE between the 2 groups
during the 28-day follow-up. Although more cases of ACS were
diagnosed in patients who underwent noninvasive testing, our
current understanding of the pathophysiologic origins of ACS
would suggest that the noninvasive test itself did not contrib-
ute to making that diagnosis.

Despite the disconnect between the proximate cause of
ACS and the information returned from noninvasive ana-
tomic or functional testing, the 2007 American College of
Cardiology/American Heart Association (ACC/AHA) guide-
lines recommend that patients receive noninvasive testing
prior to discharge or within a 3-day follow-up period.1 This is
similar to the 2015 European Society of Cardiology (ESC) guide-
lines, which note that stress testing should be performed in
patients with negative biomarkers and nonischemic ECGs
before proceeding with an invasive strategy.19 The 2010

Figure 2. Length of Stay in the Hospital of Patients Receiving Clinical Evaluation and Noninvasive Testing vs Those Receiving Clinical Evaluation Alone
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A, The proportion of patients discharged at different times from the index visit. The shaded area represents the scale depicted in panel B. B, The proportion of
patients discharged during the first 100 hours on the x-axis to highlight the separation between the curves.
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National Institute for Health and Care Excellence (NICE) guide-
lines recommend that ischemia testing be considered before
discharge in patients who have not received coronary
angiography.20 However, noninvasive testing has not been
shown to reduce MI in patients who present with acute chest
pain. A recent large retrospective analysis that compared
293 788 patients who received no initial noninvasive test with
127 986 patients who underwent noninvasive testing, found
no difference in the risk of MI at day 7 or day 190.21

While the goal of the guidelines is to reduce the rate of
missed ACS, reliance on noninvasive anatomic or functional
testing to do so is misguided. Neither CCTA nor stress testing
can diagnose ACS, which is a clinical diagnosis made by medi-
cal history, ECG findings, and biomarkers.1 Furthermore, the
widespread adoption of troponin testing has very likely re-
duced the rate of missed MI since the guidelines were written22;
this trend is likely to continue with the introduction of high-
sensitivity troponin testing. New algorithms incorporating
high-sensitivity troponin assays have negative predictive val-
ues as high as 99.5% for events at index and at 30-day follow
up, and 2-year survival rates for patients ruled out for MI
approaching or equaling 100%.23-25 Even though high-
sensitivity assays are not yet widely available in the United
States, other tools are available to reduce imaging in low-risk
patients who present to the ED with acute chest pain. A re-
cent trial randomized low-risk ED patients with chest pain to
evaluation with the HEART score (an algorithm to assess risk)
and troponin measurements at 0 and 3 hours vs usual ED
care.26 Patients with low-risk HEART scores, negative tro-
ponin test results, and nonischemic ECG were discharged
from the ED, resulting in decreased length of stay, less
cardiac testing, and no difference in MACE at 30 days.26

It is important to emphasize that the goal of the ED evalu-
ation is not to make a diagnosis of CAD, but rather to rule out
the diagnosis of ACS. Our results and those of others suggest
that noninvasive testing does not achieve this goal in the ED
setting. Clearly, the presence of CAD demonstrated on CCTA
or inferred from ischemia on stress testing has implications for
long-term outcomes, but that diagnosis is not acutely life-
threatening and is best managed through shared decision-
making with a primary care physician or cardiologist who has
or will develop a long-term relationship with the patient. Grow-
ing support for a move away from noninvasive testing has
prompted calls for adjustment of the guidelines and clinical
trials examining patients randomized to standard clinical evalu-
ation or no imaging.21,22,27 When one considers that an esti-
mated $10 billion is spent annually in the United States on the
evaluation of chest pain in EDs, reduced reliance on cardiac
imaging represents significant potential cost savings.2,3 Our
data show that patients receiving clinical evaluation alone had
significantly lower costs compared with the noninvasive test-

ing group, with a median difference of approximately $500 for
the ED course and approximately $300 for the entire study
period. This is similar in scale to findings from a cost analysis
of the HEART trial, which showed a median cost reduction of
$253 among low-risk patients, mainly driven by reduced
cardiac diagnostic testing.28

The absence of benefit from noninvasive testing is coupled
with an increase in potential harm from radiation exposure.
While the initial ROMICAT-II trial endorsed the use of CCTA
for routine use in the ED, it is still a high-radiation procedure,
with an estimated dose of 12 mSv in the PROTECTION I study.29

New protocols and modifications, such as electrocardiographi-
cally controlled tube current modulation (ECTCM), can sig-
nificantly reduce the radiation dose in some patients. How-
ever, even with ECTCM, the lifetime cancer risks from CCTA
in a 60-year-old woman and 60-year-old man are estimated
at 1 in 715 and 1 in 1911, respectively.30 Because the patients in
the ROMICAT-II population were on average 6 years younger
than this, their lifetime cancer risk would be even higher. The
routine use of CCTA, as has been advocated by some, in the
10 million patients who present to the ED with chest pain would
be expected to result in thousands of new cases of cancer.31,32

The risk of cancer, in addition to increased health care costs,
demands that the benefits of noninvasive testing associated
with radiation be demonstrated in randomized clinical trials.

Limitations
Our study has several limitations. First, the 2 groups ana-
lyzed were not randomized. Although their baseline charac-
teristics showed no significant differences, unmeasured dif-
ferences between the groups may exist. We attempted to
minimize the potential bias in our results by performing the
adjusted IPTW analysis, which demonstrated similar overall
outcomes. Second, the relatively short follow-up of 28 days
does not allow for the assessment of outcomes over a longer
time. Finally, the results apply only to patients evaluated dur-
ing weekday, daytime hours and may not apply to patients who
present at other times. If anything, we expect that if patients
had been enrolled at other times, those receiving noninva-
sive testing would have had even longer delays waiting for tests
to be performed and interpreted, which would have magni-
fied the difference in length of stay between the groups.

Conclusions
In low- to intermediate-risk patients presenting to the ED with
acute chest pain, noninvasive cardiac testing in addition to
clinical evaluation leads to longer stay, more downstream test-
ing, more radiation exposure, and greater cost without evi-
dence of improving clinical outcomes.
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