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Chest pain is one of  the most common complaints in the emergency 
department (ED), and presents one of  the toughest dilemmas to emer-
gency medicine (EM) physicians, as the fear of  missing a diagnosis of  
acute coronary syndrome (ACS) is very real. Today we have high sensi-
tivity troponin assays which allow quick and accurate diagnosis of  acute 
myocardial infarction (MI); many of  the guidelines for the diagnosis and 
treatment of  ACS, including those established by the ACC/AHA, suggest 
that it is reasonable to perform stress testing within 72 hours of  an ED 
presentation for possible ACS, and yet these guidelines were largely es-
tablished before the aforementioned data were available. Current clinical 
policy statements from the American College of  Emergency Physicians 
(ACEP) recommend that providers arrange follow-up in 1 to 2 weeks for 
low-risk patients in whom MI has been ruled out. If  no follow-up is avail-
able, consider further testing or observation prior to discharge (level C 
consensus recommendation). Research is ongoing regarding most ap-
propriate diagnostic measures and follow-up to prevent adverse events, 
leading us to investigate and discuss non-invasive cardiac testing and its 
role in the ED-based evaluation of  chest pain.

1. How effective is non-invasive testing in identifying coronary artery 
disease (CAD) in low to intermediate risk patients?

2. Does non-invasive cardiac testing in the ED setting improve clinical 
outcomes in patients that present with chest pain?

Bauters C, Lemesle G. Screening for asymptomatic coronary 
artery disease in patients with diabetes mellitus: A systematic 
review and meta-analysis of randomized trials. BMC 
Cardiovascular Disorders. 2016;16(1).
Given that diabetes mellitus is a major risk factor for CAD, there has long 
been interest in determining if  screening this at-risk population would 
confer any benefit. A major study in 2009, the Detection of  Ischemia in 
Asymptomatic Diabetics (DIAD) study, showed that there were similar 
rates of  cardiac events in the screening and control groups. Since then, it 
has been accepted that screening this population would not improve clini-
cal outcomes. In recent years, several major trials have been performed 
to continue to test this theory. In the above study, Bauters et al. aimed 
to provide a systematic review and meta-analysis of  the current data to 
date with respect to screening this patient population.
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The authors only included pro-
spective, randomized trials that 
compared screening (of  multiple 

different modalities) to no screening in type II diabetics with no known 
CAD. The follow-up periods were at least 1 year and endpoints were 
all-cause mortality, cardiovascular mortality and various cardiovascular 
events, including non-fatal MI. A total of  5 studies were included in 
the analysis, which included the DIAD study. The pooled results of  the 
meta-analysis showed no detectable impact of  screening asymptomatic 
patients on subsequent risk of  all-cause death, cardiovascular death, 
non-fatal MI, or composite of  cardiovascular death or non-fatal MI. 
Overall, the rate of  coronary angiography was relatively low (8%) and 
even fewer patients received revascularization therapy. Presence of  
medical therapy (aspirin, statin, ACE inhibitor) between the two groups 
was found to be similar.

This study provides support that the screening of  asymptomatic diabetic 
patients for CAD confers no significant clinical benefit. An important find-
ing replicated between this study and the prior DIAD is that the overall 
event rates of  mortality and cardiovascular events in the population study 
are very low. Of course, ED providers are not encountering asymptomatic 
patients; incidence of  ACS varies greatly in different practice environ-
ments and many patients we see likely have non-cardiac causes of  their 
chest pain. Important future studies should look specifically at patients 
seen in the ED who are now symptom free to determine if  referral to non-
invasive testing is beneficial. 

Van Waardhuizen CN, Khanji MY, Genders TSS, et al. 
Comparative cost-effectiveness of non-invasive imaging 
tests in patients presenting with chronic stable chest pain 
with suspected coronary artery disease: a systematic 
review. European Heart Journal - Quality of  Care and Clinical 
Outcomes. 2016;2(4):245-260.
There have been many non-invasive testing modalities developed and 
subsequently improved in recent years, but no cost effectiveness or pref-
erence of  test in certain situations has been established. In fact, many 
society guidelines offer different advice and recommendations based on 
the country of  origin. Currently available testing ranges from exercise 
electrocardiogram and stress echocardiography to computed tomography 
coronary angiography (CTCA) and cardiac magnetic resonance imaging. 
The authors’ goal was to perform a systematic review of  the literature 
to establish cost effectiveness of  available imaging for the diagnosis of  
CAD in patients with symptoms of  stable angina.

The systematic search provided 70 articles that were included in the final 
analysis. Studies were excluded that evaluated patients with ACS, and 
those focusing on detecting left main or triple vessel disease. The authors 
organized the recommendations based on the studies by pre-test prob-
ability of  disease as well as looking at preferences between countries. 
An option of  no testing for low probability was evaluated in one study 
included, but otherwise was severely underrepresented in the data. The 
authors ultimately concluded that there is no consensus in low to inter-
mediate pre-test probability but that CTCA may represent a role as an 

initial gatekeeper test for diagnosis of  presence of  CAD. When pre-test 
probability was >50% the initial test tended to be straight to coronary 
angiography.

Limitations of  the study include that there was a definite overrepresenta-
tion of  CTCA compared to other modalities, and that most studies used 
coronary angiography alone as compared to angiography with fractional 
flow reserve, the more current accepted practice for determining clinically 
significant stenosis. Additionally, as discussed by the authors, the prior 
probabilities of  CAD present before testing are likely grossly overinflated. 
One study showed that no patient group had an observed prevalence of  
obstructive CAD >60%, irrespective of  age, sex, risk factors, and the typi-
cality of  angina (Patel). Additionally, because of  the underrepresentation 
of  no testing for lower risk patients, a true comparison of  a cost-effective 
strategy of  not testing versus performing CTCA could not be made. 
Understanding the effectiveness of  CAD evaluation modalities can help 
the EM physician develop a more effective observation plan or outpatient 
follow-up. Additionally, as CTCA has become more prevalent, its incorpo-
ration into algorithms for acute chest pain evaluation has been studied, 
as in the ROMICAT-II study, for example.

Reinhardt SW, Lin C-J, Novak E, Brown DL. Noninvasive 
Cardiac Testing vs Clinical Evaluation Alone in Acute Chest 
Pain. JAMA internal medicine. 2018;178(2):212.
The ROMICAT-II trial was a randomized, multicenter clinical trial compar-
ing CTCA with a standard ED evaluation looking at the primary outcome 
of  ED length of  stay (LOS). ED physicians could order functional testing 
for patients randomized to the standard evaluation arm. The original 
study demonstrated a decreased LOS as well as increased direct ED 
discharge in patients who had CTCA compared with standard evaluation 
without any missed ACS or difference in major adverse cardiac events 
(MACE). They did note increased downstream testing and a trend to-
wards increased invasive testing (coronary angiography and revascular-
ization) in the CTCA group. 

Reinhardt et al. sought to reevaluate this data for the purpose of  com-
paring any testing (CTCA or functional) with a clinical evaluation. They 
performed a retrospective analysis of  the ROMICAT-II data with the help 
of  an additional statistical analysis to attempt to account for the fact that 
their two groups were not randomized, since they took the randomized/
matched patients from ROMICAT-II and redistributed them. They demon-
strate that there were no significant differences in the baseline character-
istics matched in the ROMICAT-II randomization except for the diagnosis 
of  non-cardiac chest pain (91% in clinical alone vs. 97% in testing group) 
and ACS (0% in clinical alone vs. 9% in testing group). 

882 (88%) of  the original study received testing during the index ED visit. 
They also used very similar outcome measures as the original study, and 
unsurprisingly found a decreased LOS in the clinical evaluation alone 
group. There was an increase in downstream testing in the testing group 
as well as percutaneous coronary intervention (PCI) at the index visit but 
no difference in PCI after index visit or CABG at any point. Importantly, 
as in the original ROMICAT-II study, there were no missed cases of  
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ACS in either group and no significant difference in MACE. Overall they 
concluded there was decreased LOS, cost, and radiation exposure in 
the clinical evaluation group without any increase in adverse events or 
missed ACS. Although this study design is not ideal as it is a retrospec-
tive re-analysis of  another study, it makes good use of  a large population 
of  low to intermediate risk chest pain patients and addresses the utility, or 
lack thereof, of  testing in the ED setting.

Natsui S, Sun BC, Shen E, et al. Evaluation of Outpatient Cardiac 
Stress Testing After Emergency Department Encounters for 
Suspected Acute Coronary Syndrome. Ann Emerg Med. 2019.

As demonstrated above, the guidelines regarding non-invasive testing 
have been contested given they are mostly based on research before 
the availability of  today’s troponin assays as well as studies looking at 
outcome measures after ED visits for ACS evaluation. This recent ret-
rospective study of  a large group of  patients in the Kaiser Permanente 
Southern California hospital system set out to evaluate completion rates 
of  non-invasive stress testing as ordered after emergency department 
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visits for chest pain, specifically to assess the 2014 ACC/AHA guidelines 
that this testing should be completed within 72 hours of  discharge. As a 
secondary outcome, they also looked at 30-day MACE. 

They started with 24,459 encounters over a two year study period, of  
which 16,086 were excluded because the non-invasive imaging was 
completed prior to discharge, leaving 7,988 eligible for their study. They 
collected and reported various demographic data points as well as medi-
cal history and risk factors. Upon analysis of  the three groups of  patients 
(testing within 72 hours, testing between 72 hours and 30 days, and no 
testing within 30 days), only day of  the week and medical center were 
reported as causing significant variation; the comparison of  black versus 
white race also had a confidence interval which did not cross 1 (0.71-
0.99) however this was not addressed within the text of  the article. 

The rate of  acute MI was 0.7% and revascularization by any means was 
0.3%; there were no deaths within 30 days. Although they list the insuf-
ficient power of  their study with regards to comparing these outcomes 
between the three time frames (odds ratio of  0.92, 95% CI 0.55 to 1.54), 
they still state that the overall low event rate suggests these patients were 
appropriately discharged and do not benefit from early outpatient testing.
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The outcomes this study set out to 
measure are ambitious as they are 
combating the guidelines set out 

by two major medical organizations. However, they demonstrated that the 
populations who get early outpatient non-invasive testing are not different 
from those who are slightly delayed (within 30 days) and suggest that 
all patients deemed low risk enough to be discharged have low rates of  
MACE and may not require early testing at all. This last statement is not 
supported by their study, and requires further investigation to be validat-
ed. This study does set a precedent for future studies to demonstrate that 
non-invasive testing may not have a role in improved clinical outcomes in 
those patients at low risk of  acute coronary syndrome.

Conclusion
Now we return to the questions posed in the introduction:
1. How effective is non-invasive testing in identifying CAD in low to inter-

mediate risk patients?  
Non-invasive testing may be unlikely to be of  utility in screening 
patients with risk factors for CAD who are clinically asymptomatic. 
CTCA is likely the best modality for low risk to intermediate patients, 
although increased costs and testing downstream, and provocative 
tests may be more appropriate for intermediate risk patients. Studies 
looking at a methodology of  non-testing for low risk patients are 
needed.

2. Does non-invasive cardiac testing in the ED setting improve clinical 
outcomes in patients that present with chest pain?  
Non-invasive testing during the ED visit or early after discharge has 
not yet been shown to improve clinical outcomes in patients with low 
to intermediate risk of  ACS.

In summary, for patients in the acute care setting with low to intermediate 
risk, but without evidence of  myocardial damage, non-invasive testing has 
not been studied to show major clinical benefit at this time. Despite its 
poor test characteristics, non-invasive testing may still play a role in the 
non-emergent diagnosis and medical management in the evaluation of  
stable CAD. 

Current ACEP clinical policy recommends that providers do not routinely 
use further diagnostic testing (coronary CT angiography, stress testing, 
myocardial perfusion imaging) prior to discharge in low-risk patients in 
whom acute myocardial infarction has been ruled out in an effort to reduce 
30-day major adverse cardiac events. Future studies should focus their 
efforts on determining the usefulness of  non-invasive testing (specifically 
provocative testing methods) for appropriately identifying stable angina 
more effectively and differentiating myocardial injury related to obstructive 
CAD versus disease entities that won’t benefit from intervention.  
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