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Abstract
This first Guideline for Reasonable and Appropriate Care in the Emergency Department 
(GRACE- 1) from the Society for Academic Emergency Medicine is on the topic: 
Recurrent, Low- risk Chest Pain in the Emergency Department. The multidisciplinary 
guideline panel used The Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach to assess the certainty of evidence and strength of 
recommendations regarding eight priority questions for adult patients with recurrent, 
low- risk chest pain and have derived the following evidence based recommendations: 
(1) for those >3 h chest pain duration we suggest a single, high- sensitivity troponin
below a validated threshold to reasonably exclude acute coronary syndrome (ACS)
within 30 days; (2) for those with a normal stress test within the previous 12 months,
we do not recommend repeat routine stress testing as a means to decrease rates of
major adverse cardiac events at 30 days; (3) insufficient evidence to recommend hos-
pitalization (either standard inpatient admission or observation stay) versus discharge
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RECOMMENDATIONS

Recommendation 1: In adult patients with recurrent, low- risk 
chest pain, for greater than 3 h duration we suggest a single, high- 
sensitivity troponin below a validated threshold to reasonably ex-
clude ACS within 30 days. (Conditional, For) [Low level of evidence].

Recommendation 2: In adult patients with recurrent, low- risk chest 
pain, and a normal stress test within the previous 12 months, we do not 
recommend repeat routine stress testing as a means to decrease rates 
of MACE at 30 days. (Conditional, Against) [Low level of evidence].

Recommendation 3: In adult patients with recurrent, low- risk 
chest pain, there is insufficient evidence to recommend hospitaliza-
tion (either standard inpatient admission or observation stay) ver-
sus discharge as a strategy to mitigate major adverse cardiac events 
within 30 days. (No evidence, Either).

Recommendation 4: In adult patients with recurrent, low- risk 
chest pain and non- obstructive (<50% stenosis) CAD on prior angi-
ography within 5 years, we suggest referral for expedited outpatient 
testing as warranted rather than admission for inpatient evaluation. 
(Conditional, For) [Low level of evidence].

Recommendation 5: In adult patients with recurrent, low- risk 
chest pain and no occlusive CAD (0% stenosis) on prior angiogra-
phy within 5 years, we recommend referral for expedited outpatient 
testing as warranted rather than admission for inpatient evaluation. 
(Conditional, For) [Low level of evidence].

Recommendation 6: In adult patients with recurrent, low- risk chest 
pain and prior CCTA within the past 2 years with no coronary steno-
sis, we suggest no further diagnostic testing other than a single, high- 
sensitivity troponin below a validated threshold to exclude ACS within 
that 2- year time frame. (Conditional, For) [Moderate level of evidence].

Recommendation 7: In adult patients with recurrent, low- risk 
chest pain, we suggest the use of depression and anxiety screening 
tools as these might have an effect on healthcare use and return ED 
visits. (Conditional, Either) [Very low level of evidence].

Recommendation 8: In adult patients with recurrent, low- risk 
chest pain, we suggest referral for anxiety or depression manage-
ment, as this might have an impact on healthcare use and return ED 
visits. (Conditional/Either) [Low level of evidence].

INTRODUC TION

Chest pain is the second most common chief complaint in the emergency 
department (ED), accounting for 5% of visits1 with an estimated cost up 
to $10 billion annually.2– 4 The differential diagnosis for chest pain is 
broad. While providers often prioritize the exclusion of cardiac causes of 
chest pain such as acute coronary syndromes (ACS), other causes such as 
acute aortic syndromes, pericarditis, myocarditis, pulmonary embolism, 
pneumothorax, pneumonia, and perforated peptic ulcer also cause chest 
pain. However, only 5% of chest pain visits are diagnosed with one of 
these acute life- threatening conditions, most commonly ACS.5,6

Despite this low prevalence, missed acute myocardial infarction 
(AMI) and associated adverse events rank as frequent causes of mal-
practice lawsuits, and consequently, emergency physicians are loath 
to miss these conditions.7,8 In addition, significant inter- physician and 
inter- emergency department variation occurs in the evaluation (diag-
nostic testing and admission) of these patients. Clinical practice guide-
lines can aid clinicians in the evaluation of low- risk chest pain,9 but 
significant practice variation persists and is often subject to the avail-
able local resources or lack thereof.10 For example, one recent study 
found physician- level admission rates varied from 54% to 96% for chest 
pain patients at a single facility.11 Recurrent ED visits for chest pain are 
common, with up to 40% of patients returning to the ED for chest pain 
within 1 year.12,13 The ED evaluation of patients with chest pain is fur-
ther complicated by patients’ varying degrees of prior diagnostic evalu-
ations. Patients can also develop new or multiple contributing etiologies 
for recurrent or evolving symptoms, or symptom quality and character 
can fluctuate under the influence of psychosocial factors, without any 

as a strategy to mitigate major adverse cardiac events within 30 days; (4) for those 
with non- obstructive (<50% stenosis) coronary artery disease (CAD) on prior angi-
ography within 5 years, we suggest referral for expedited outpatient testing as war-
ranted rather than admission for inpatient evaluation; (5) for those with no occlusive 
CAD (0% stenosis) on prior angiography within 5 years, we recommend referral for 
expedited outpatient testing as warranted rather than admission for inpatient evalu-
ation; (6) for those with a prior coronary computed tomographic angiography within 
the past 2 years with no coronary stenosis, we suggest no further diagnostic testing 
other than a single, normal high- sensitivity troponin below a validated threshold to 
exclude ACS within that 2 year time frame; (7) we suggest the use of depression and 
anxiety screening tools as these might have an effect on healthcare use and return 
emergency department (ED) visits; and (8) we suggest referral for anxiety or depres-
sion management, as this might have an impact on healthcare use and return ED visits.
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progression of underlying physical disease. These factors create a di-
agnostic dilemma of particular importance for the emergency clinician. 
Clinical practice guidelines for the diagnosis and management of ACS 
exist, but neglect the preponderance of ED chest pain patients who are 
low risk, as well as the subset of those who present with recurrent chest 
pain.14,15 The lack of guidelines specific to the ED population with recur-
rent chest pain reflects the diagnostic uncertainty associated with this 
condition and raises several critical questions including but not limited 
to (1) does a revisit represent a previously missed diagnosis; (2) does 
the revisit warrant an escalation in diagnostic approach; (3) what if the 
patient has already had what can be considered a recent, reasonable and 
thorough diagnostic evaluation; (4) and for how long is this prior evalu-
ation valid? The objective of these guidelines is to provide an evidence- 
based framework intended to support patients, clinicians, and other 
health- care professionals in their decisions about the evaluation and 
management of patients with recurrent, low- risk chest pain in the ED.

SCOPE AND PURPOSE

The target audience includes all practicing ED clinicians (physicians 
and advanced practice providers) responsible for the evaluation and 
management of undifferentiated chest pain in community and aca-
demic settings, as well as healthcare systems and hospitals responsi-
ble for care pathways in this population.

METHODS

Group composition

The panel was composed of several geographically, ethnically, and gen-
der diverse ED clinicians, a cardiologist, a patient representative and 
three methodologists. The Society for Academic Emergency Medicine 
(SAEM) provided financial support for the development of this guideline.

Group interaction and processes

Starting in May 2019, the panel met regularly through in- person, on-
line, and telephone meetings. The methodologists attended a 3- day in- 
person Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) training before the development of this guideline. 
Content experts were selected among known emergency medicine (EM) 
physicians with relevant publications in the field. As a quality/trustwor-
thiness check, the final manuscript was analyzed using the recently pub-
lished AHRQ National Guideline Clearinghouse Extent of Adherence to 
Trustworthiness Standards (NEATS) instrument16 to ensure best possible 
adherence to Institute of Medicine 2011 guideline trustworthiness stand-
ards (see Table S1). An introduction to the GRADE process of creating 
and weighting clinical recommendations was delivered to all panel mem-
bers and it can be viewed at the following link. (https://drive.google.com/
drive/ folde rs/1ov_mmUZw Fu752 yKzux KUWA_ycq6g H6lZ) (Figure 1).

Declaration and management of competing interests

The conflict of interest (COI) review group included one of the meth-
odologists who reviewed, evaluated, and approved all disclosures. All 
members of the expert panel complied with the COI process for re-
viewing and managing conflicts of interest, which required disclosure 
of any financial, intellectual, or other interest that might be construed 
as constituting an actual, potential, or apparent conflict, regardless of 
relevancy to the guideline topic. The assessment of disclosed relation-
ships for possible COI was based on the relative weight of the financial 
relationship (i.e., monetary amount) and the relevance of the relationship 
(i.e., the degree to which an association might reasonably be interpreted 
by an independent observer as related to the topic or recommendation 
of consideration). The COI review group ensured that the majority of 
the panel and chair were without potential relevant (related to the topic) 
conflicts. The chair and all members of the team were determined to 
have no significant conflicts of interest by the SAEM Executive Board.

Selection of questions and outcomes of interest

Clinical questions were developed into a PICO format (Population, 
Intervention, Comparison, Outcomes) prior to the first panel meet-
ing.17 Panel members prioritized questions and patient- important 
outcomes such as 30- day major adverse cardiac events (MACE) de-
fined as AMI, need for percutaneous coronary intervention (PCI) or 
coronary artery bypass graft (CABG), and death.

Evidence review and development of clinical 
recommendations

Data sources and search strategies

A comprehensive search of several databases from inception to August 
16, 2019, limited to English language only, and excluding animal stud-
ies, was conducted. The databases included Ovid MEDLINE(R) and 
Epub Ahead of Print, In- Process & Other Non- Indexed Citations and 
Daily, Ovid Embase, Ovid Cochrane Central Register of Controlled 
Trials, Ovid Cochrane Database of Systematic Reviews, and Scopus. The 
search strategy was designed and conducted by an experienced medi-
cal librarian with input from the methodologists. Controlled vocabulary 
supplemented with keywords was used to search for studies on recur-
rent chest pain. The full search strategy is available in Appendix 1.

Screening and study selection

The database found 5252 articles. The titles and abstracts were re-
viewed independently and in duplicate in Phase 1 by the three meth-
odologists. A total of 334 full- text articles from the search were 
retrieved and reviewed in triplicate in Phase 2. Forty- four additional 
articles were provided by content experts and 38 were included. See 

https://drive.google.com/drive/folders/1ov_mmUZwFu752yKzuxKUWA_ycq6gH6lZ
https://drive.google.com/drive/folders/1ov_mmUZwFu752yKzuxKUWA_ycq6gH6lZ
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Figure 2 for Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) flow diagram of included studies.

The matched PICO articles were reviewed by an independent 
team to assess for feasibility for conduction of a systematic review. 
Most of the PICO questions had no relevant literature from the initial 
literature search that would provide an answer, and no systematic 
review was performed. A list of articles and reasons for exclusion is 
available in Appendix 2 through 6.

The studies included to inform these guidelines included system-
atic reviews, interventional studies and observational studies. For 
several interventions, no direct evidence was available, and indirect 
evidence was sought by all panel members. The panel either decided 
to include plausible indirect evidence and make a recommendation 
(e.g., from studies of low- risk chest pain with single troponin mea-
surement instead of studies with a comparison arm with serial tro-
ponins) or to provide a short narrative discussion of the intervention.

Data collection and analysis

Data extracted from the available evidence included outcomes of 
AMI, MACE, mortality, health care use, and return ED visits. Where 
applicable, data were pooled using random effects model using 
RevMan™ or OpenMeta™. Risk of bias and certainty of evidence 
was assessed using the Cochrane risk- of- bias tools for randomized 

clinical trials (RCTs) and observational studies with modified do-
mains used for assessing confounding bias, selection bias, and mis-
classification bias.18 The certainty of evidence was assessed using 
the GRADE approach.19 Within GRADE, the body of evidence 
across each outcome is assessed for domains that may reduce or in-
crease one's certainty in the evidence and corresponding strength 
of recommendation. Factors that may reduce one's certainty in-
clude risk of bias (study limitations), inconsistency (unexplained 
heterogeneity across study findings), indirectness (applicability or 
generalizability to the research question), imprecision (the confi-
dence in the estimate of an effect to support a particular decision) 
or publication bias (selective publication of studies). One's certainty 
in the evidence may be strengthened if the following considerations 
are present: large or very large magnitude of effect, evidence of a 
dose- response gradient, or opposing residual confounding. GRADE 
summary of findings tables were developed using the GRADEpro 
Guideline Development Tool (https://grade pro.org/).

Evidence to recommendations

The panel considered core elements of the GRADE evidence in 
the decision process, including certainty of evidence and balance 
between desirable and undesirable effects. Additional domains 
were acknowledged where applicable (feasibility, resource use, 

F I G U R E  1  A schematic view of the GRADE approach for synthesizing evidence and developing recommendations. The upper half 
describe steps in the process common to systematic reviews and making health care recommendations and the lower half describe steps 
that are specific to making recommendations including steps from panel members to make recommendations. *Reproduced with permission 
by the U.S. GRADE Network. GRADE, Grading of Recommendations Assessment, Development and Evaluation [Color figure can be viewed 
at wileyonlinelibrary.com]

https://gradepro.org/
www.wileyonlinelibrary.com
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acceptability). For all recommendations, the expert panelists reached 
consensus. Voting rules were agreed on prior to the panel meetings 
for situations when consensus could not be reached. The strength of 
a recommendation reflects the extent to which we can, across the 
range of patients for whom the recommendations are intended, be 

confident that desirable effects of a management strategy outweigh 
undesirable effects. As per GRADE methodology, recommendations 
are labeled as “strong” or “conditional.” The words “we recommend” 
indicate strong recommendations, and “we suggest” indicate condi-
tional recommendations (Figure 3; Table 1).

F I G U R E  2  PRISMA flow diagram of 
studies included in this clinical guideline 
on emergency department patients with 
recurrent, low risk chest pain [Color figure 
can be viewed at wileyonlinelibrary.com]

F I G U R E  3  Rating the quality of evidence using the GRADE methodology. *Reproduced with permission granted by the U.S. GRADE 
Network [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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Use of indirect evidence

A recommendation associated with a diagnostic question follows from 
an evaluation of the balance between the desirable and undesirable con-
sequences of the diagnostic test or pathway. Ideally, evidence should 
come from a systematic review addressing the clinical question. Inferring 
from accuracy data that a diagnostic test or strategy improves a patient- 
important outcome usually requires access to effectiveness studies.21,22 
Alternatively, even with no effective treatment being available, using an 
accurate test may be beneficial if it reduces adverse effects, cost, or anxi-
ety through excluding an ominous diagnosis or if confirming a diagnosis 
improves patient well- being from the prognostic information it imparts.23

The first Guidelines for Reasonable and Appropriate Care in 
the Emergency Department (GRACE- 1) writing committee identi-
fied the eight questions summarized in Box 1.

In deriving those questions, the GRACE- 1 writing committee 
used the following definitions:

Recurrent chest pain

This was defined as patients who have had a previous visit to an ED with 
chest pain that led to a diagnostic protocol for its evaluation that did not 
demonstrate evidence of ACS or flow- limiting coronary stenosis. This in-
cluded two or more ED visits for chest pain in a 12- month period.

Low risk

Low risk was defined by HEART score <4 points24– 26 (and other 
scores validated in the ED setting such as the HEART pathway2 or 
TIMI score27) for disease- related poor outcomes within 30 days all 
of which require an electrocardiogram (ECG) for risk stratification.

TA B L E  1  Interpretation of strong and weak recommendations for patients, clinicians, and healthcare policymakers

Implications of strong and weak recommendations for different users of guidelines

Strong recommendation
Conditional
Weak recommendation

For patients Most individuals in this situation would want 
the recommended course of action and only 
a small proportion would not.

The majority of individuals in this situation would want the suggested 
course of action, but many would not.

For clinicians Most individuals should receive the 
recommended course of action. Adherence 
to this recommendation according to 
the guideline could be used as a quality 
criterion or performance indicator. Formal 
decision aids are not likely to be needed to 
help individuals make decisions consistent 
with their values and preferences.

Recognize that different choices will be appropriate for different 
patients, and that you must help each patient arrive at a management 
decision consistent with her or his values and preferences. Decision 
aids may well be useful helping individuals making decisions 
consistent with their values and preferences. Clinicians should expect 
to spend more time with patients when working towards a decision.

For policy makers The recommendation can be adapted as policy 
in most situations including for the use as 
performance indicators.

Policy making will require substantial debates and involvement of many 
stakeholders. Policies are also more likely to vary between regions. 
Performance indicators would have to focus on the fact that adequate 
deliberation about the management options has taken place.

Note: Reproduced with permission from the GRADE Handbook.20 https://gdt.grade pro.org/app/handb ook/handb ook.html#h.svwng s6pm0f2

BOX 1 Key questions

1 (P) In adult patients with recurrent, low- risk chest pain, (I) 
is a single troponin versus (C) serial troponins needed for 
(O) ACS outcomes within 30 days?
2 (P) In adult patients with recurrent, low- risk chest 
pain, and normal or non- diagnostic stress testing within 
the last 12 months, (I) does repeat stress testing versus 
(C) no stress test have an effect on (O) MACE within 
30 days?
3 (P) In adult patients with recurrent, low- risk chest 
pain, is (I) admission to the hospital versus (C) stay in 
the ED observation unit versus (C) outpatient follow up 
recommended for (O) ACS outcomes within 30 days?
4 (P) In adult patients with recurrent, low- risk chest pain 
and a negative cardiac catheterization defined as less than 
50% stenosis (E) what is their risk of subsequent ACS and 
time to ACS?
5 (P) In adult patients with recurrent, low- risk chest pain 
and a negative cardiac catheterization defined as no coro-
nary disease (0% stenosis) (E) what is their risk of subse-
quent ACS and time to ACS?
6 (P) In adult patients with recurrent, low- risk chest pain 
and a negative coronary CT angiogram (E) what is their risk 
of subsequent ACS and time to ACS?
7 (P) In adult patients with recurrent, low- risk chest pain, (I) 
what is the yield of depression and anxiety screening tools 
in (O) healthcare use and return ED visits?
8 (P) In adult patients with recurrent, low- risk chest pain, 
(I) what is the role of referral for anxiety/depression in (O) 
healthcare use and return ED visits?

https://gdt.gradepro.org/app/handbook/handbook.html#h.svwngs6pm0f2
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There are several key differences between the HEART score and 
the HEART pathway. The HEART score was developed as an easy- 
to- use, 0– 10 score to risk stratify ED patients with chest pain. Use 
of the HEART score yields a ~2% MACE rate among patients with a 
low- risk score of 0– 3.25,26 In derivation work, the HEART score incor-
porated a single conventional (not high- sensitivity) troponin measure, 
and, although rare, patients with an elevated troponin level can have a 
low- risk score. In addition, the HEART score can indicate low risk in pa-
tients with acute ischemic changes on ECG or known CAD. Finally, the 
HEART score uses subjective criteria and is manually calculated, which 
decreases inter- physician reliability.2 In contrast, the HEART pathway 
is an accelerated diagnostic protocol, which uses a modified- HEART 
(mHEART) score and serial troponin measurements. To be low risk by 
the HEART pathway, patients must meet all of the following criteria: a 
HEART score of 0– 3, no troponin elevation on serial testing, no isch-
emic ECG changes, and no prior CAD (prior MI, CABG, or PCI). The 
HEART pathway replaces subjective components of the History and 
ECG components of the HEART score with objective binary questions 
and uses an algorithm to determine component scores. Implementation 
of the HEART pathway is associated with decreased hospitalizations 
and death and MI rates <0.5% among low- risk patients, which meets 
the international standard for ‘acceptable” clinical practice.28,29 One 
important note: the term “low risk” in GRACE- 1 refers specifically to 
the risk for ACS or MACE in ED patients with recurrent chest pain. 
Thus, clinicians should continue to maintain patient- specific pretest 
probability for other cardiopulmonary and non- cardiac causes of chest 
pain such as aortic dissection, pulmonary embolism, pneumothorax, 
pneumonia, pancreatitis, and perforated peptic ulcer until adequately 
excluded to avoid anchoring bias and premature diagnostic closure.30

Expedited

This time period was defined as 3– 5 days.
After synthesizing the evidence for each question in Box 1, the 

GRACE- 1 writing committee used the GRADE Evidence to Decision 
Framework to formulate the recommendations summarized in 
Box 2. These represent reasonable and appropriate care with the 
understanding that individual clinicians should always use their 
clinical judgement in the application of these recommendations.

QUESTION 1

In adult patients with recurrent, low- risk chest pain, 
is a single troponin versus serial troponins needed for 
ACS outcomes within 30 days?

Summary of the evidence

There were no studies with direct evidence to answer this question. 
Additional searches for indirect evidence yielded no relevant stud-
ies that evaluated a single troponin in ED patients with recurrent 

chest pain with 30- day MACE outcome. Additional search for indi-
rect evidence yielded nine studies31– 39 that evaluated a single tro-
ponin in ED patients with low- risk chest pain with 30- day MACE 
outcome. (Appendix 2) Nearly all of these studies evaluated the use 
of a single high- sensitivity troponin measurement, with only one 

BOX 2 Recommendations

Recommendation 1: In adult patients with recurrent, 
low- risk chest pain, for >3 h duration we suggest a single, 
high- sensitivity troponin below a validated threshold to 
reasonably exclude ACS within 30 days. (Conditional, For) 
[Low level of evidence].
Recommendation 2: In adult patients with recurrent, low- 
risk chest pain, and a normal stress test within the previous 
12 months, we do not recommend repeat routine stress 
testing as a means to decrease rates of MACE at 30 days. 
(Conditional, Against) [Low level of evidence].
Recommendation 3: In adult patients with recurrent, 
low- risk chest pain, there is insufficient evidence to rec-
ommend hospitalization (either standard inpatient admis-
sion or observation stay) versus discharge as a strategy to 
mitigate major adverse cardiac events within 30 days. [No 
evidence].
Recommendation 4: In adult patients with recurrent, low- 
risk chest pain and non- obstructive (<50% stenosis) CAD 
on prior angiography within 5 years, we suggest referral 
for expedited outpatient testing as warranted rather than 
admission for inpatient evaluation. (Conditional, For) [Low 
level of evidence].
Recommendation 5: In adult patients with recurrent, low- 
risk chest pain and no occlusive CAD (0% stenosis) on prior 
angiography within 5 years, we recommend referral for ex-
pedited outpatient testing as warranted rather than admis-
sion for inpatient evaluation. (Conditional, For) [Low level 
of evidence].
Recommendation 6: In adult patients with recurrent, low- 
risk chest pain and prior CCTA within the past 2 years with 
no coronary stenosis, we suggest no further diagnostic 
testing other than a single, high- sensitivity troponin below 
a validated threshold to exclude ACS within that 2- year 
time frame. (Conditional, For) [Moderate level of evidence].
Recommendation 7: In adult patients with recurrent, 
low- risk chest pain, we suggest the use of depression and 
anxiety screening tools as these might have an effect on 
healthcare use and return ED visits. (Conditional, Either) 
[Very low level of evidence].
Recommendation 8: In adult patients with recurrent, low- risk 
chest pain, we suggest referral for anxiety or depression man-
agement, as this might have an impact on healthcare use and 
return ED visits. (Conditional/Either) [Low level of evidence].
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small, single- center study evaluating a single conventional troponin 
measurement.33Thus, insufficient evidence exists to recommend 
for or against a single conventional troponin measurement in pa-
tients with recurrent, low- risk chest pain. High- sensitivity troponin 
assays measure cTn levels within the normal range in at least 50% 
of healthy individuals with high precision, defined as a coefficient 
of variance (CV) ≤ 10% at the 99th percentile.40,41 Among the nine 
studies with indirect evidence, 72 out of 15,715 patients (0.5%) 
with low- risk chest pain had an AMI or MACE within 30 days (each 
of the 9 studies had variable definitions of normal troponin, for de-
tails please see appendix 2). These studies did not address the “re-
currence” of chest pain, and it is possible that patients who are low 
risk with recurrent chest pain are likely to have even lower risks of 
AMI or MACE. Several additional studies were found with indirect 
evidence for the use of a single troponin in a mixed- risk group of 
ED patients with 30- day MACE outcomes; however, these studies 
did not address the question of recurrent chest pain or low- risk 
populations, so were not included (Table 2).

Benefits

The most substantial benefit to both patients and hospitals in per-
forming a single troponin is shorter ED length of stay.42Patients are 
also spared serial phlebotomy, and hospitals may have lower health-
care costs by performing fewer troponin tests. These benefits were 
not addressed by the included studies.

Harms and burden

The harms are missed AMI and MACE that could potentially be diag-
nosed if serial troponins were drawn instead of a single troponin. We 
calculated the pooled incidence of 30- day AMI or MACE following a 
single, normal high sensitivity troponin using indirect evidence as 3.4 
per 1000 patients (95% confidence interval [CI] 2.0– 4.8 per 1000) as 
shown in the Forest plot section of Appendix 2.

Decision criteria and additional considerations

Patients prefer shorter ED lengths of stay. Identifying AMI is essential 
for patients, clinicians, and policymakers. Patients with missed or de-
layed AMI diagnosis may develop complications such as conduction 
disturbances, arrhythmias, heart failure, myocardial rupture, ventricu-
lar aneurysm, pericarditis, and death. Clinicians may be subject to med-
ical malpractice suits for missed or delayed diagnoses of AMI as AMI is 
one of the most common diagnoses in lawsuits against EM physicians.8 
Professional societies such as the American Heart Association (AHA) 
and European Society of Cardiology (ESC) currently differ in their 
guidelines for the use of a single troponin, with the AHA recommending 
serial troponins and the ESC providing an option for a single troponin 
to exclude AMI,15,43,44 and physicians are using single conventional and TA
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high- sensitivity cardiac troponin testing in clinical practice.45,46 These 
differences in guidelines likely reflect differences in the adoption of 
high- sensitivity troponin assays, which have been used internationally 
for nearly a decade but only approved for use in the United States in 
2017. Despite the increased incorporation of high- sensitivity troponin 
into accelerated diagnostic protocols, the authors acknowledge that 
many EDs may currently only have access to conventional troponin at 
this time. Additionally, timing of chest pain onset relative to troponin 
testing was agreed to be an important criterion for using a single tro-
ponin strategy, as ESC guidelines recommend chest pain duration of at 
least 3 h from symptom onset to troponin testing.44,47

Conclusions and research needs

The use of a single troponin with result below a validated threshold 
appears to be sufficient to decrease the risk of AMI or MACE to a 
clinically acceptable threshold in patients with low- risk chest pain as 
measured by clinical prediction scores such as the mHEART score.

Recommendation 1: In adult patients with recurrent, low- risk 
chest pain, for >3 h duration we suggest a single, high- sensitivity 
troponin below a validated threshold to reasonably exclude ACS 
within 30 days. (Conditional, For) [Low level of evidence].

QUESTION 2

In adult patients with recurrent, low- risk chest pain, 
and normal or non- diagnostic stress testing within the 
last 12 months, does repeat stress testing versus no 
stress test have an effect on MACE within 30 days?

Summary of the evidence

The authors assessed literature pertaining to stress testing in gen-
eral (both exercise and pharmacologic). There were no studies with 
direct evidence to answer this question. An additional literature 
search for indirect evidence focusing on stress testing for adult 
ED patients with non- high- risk chest pain, not necessarily recur-
rent and without recent testing specified, yielded two randomized 
studies.48,49 Neither of these two studies used MACE as a primary 
outcome but did report on a similar, more broadly defined outcome 
termed “cardiac events” at 30 days. An additional literature search 
for indirect evidence focusing on outpatient stress testing for adult 
patients discharged from the ED after a visit for chest pain, not nec-
essarily recurrent and without recent testing specified, yielded one 
multicenter, retrospective study.50This study sought to compare the 
incidence of MACE at 30 days between patients who completed an 
outpatient stress test within 3 days, 4– 30 days, or not at all.

Among the three studies with indirect evidence, zero out of 
4906 ED patients (0%) with chest pain died at 30 days, while 91 out 
of 4906 patients (1.9%) experienced a non- fatal, significant cardiac 
event. These significant cardiac events included MI, ventricular 

fibrillation, acute pulmonary edema requiring intubation, cardio-
genic shock, coronary revascularization (i.e. PCI or CABG), and sig-
nificant CAD on coronary angiogram (Table 3).

Several additional studies were found with indirect evidence 
for the use of stress testing in a mixed- risk group of ED patients 
with chest pain.51– 54 However, these studies lacked a control group 
or were limited to patients under age 40. For these reasons, these 
studies were not included (Appendix 3).

Benefits

The potential benefit of stress testing for ED patients with recurrent, 
low- risk chest pain would be to identify intervenable CAD to reduce 
the incidence of MACE. The two randomized studies that indirectly 
addressed this question in a similar but not identical population of ED 
chest pain patients did not demonstrate a reduction in significant car-
diac events (described above), including MACE, at 30 days.48,49 The mul-
ticenter, retrospective cohort study evaluating the incidence of MACE 
at 30 days in patients who completed an outpatient stress test did not 
demonstrate any associated benefit of stress testing within 3 days, nor 
within 30 days, compared with not undergoing a stress test at all.50

Harms and burden

The harms of stress testing for ED patients with recurrent, low- risk 
chest pain include the potential for an allergic reaction, radiation ex-
posure, procedural risks, and indirect harm from downstream testing 
and procedures. The burdens on the patient could include avoidable 
out- of- pocket expenses (depending on health insurance benefits); the 
inconvenience of time spent in the ED, observation unit, or hospital 
waiting for the test; psychological stress associated with false- positive 
test results; and additional burdens associated with downstream 
testing, such as coronary angiography. From a resource utilization 
perspective, stress testing in an observation unit led to greater total 
charges at 30 days as compared with direct discharge from the ED.48

Decision criteria and additional considerations

Additional considerations include the financial incentives around 
stress testing that may impact health systems and thus decision- 
making for this cohort of patients. Perceived medico- legal risk by 
ED clinicians may also promote the ordering of low- yield stress 
testing.55Patient preferences could also influence this decision 
since certain patients may only be reassured by repeat stress test-
ing, while others may prefer to be discharged home after laboratory 
and ECG testing has reasonably excluded a myocardial infarction.56 
Thus, shared decision- making may be reasonable in this clinical sce-
nario.57 A majority (~85%) of men and women with potential ACS 
would accept a stress test if recommended by their physician and 
most preferred a stress test over cardiac catheterization.58
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Different types of cardiac stress testing (e.g., exercise, pharma-
cological, nuclear, echocardiographic) exhibit different accuracies,59 
and thus a different type of stress testing or other evaluation modal-
ity such as coronary computed tomographic angiography (CCTA) or 
angiography may be considered if there is concern for false- negative 
results on a previous stress test. Although most included studies did 
not define all parameters for a normal or negative test, to be conser-
vative we are defining a normal stress test as achieving target heart 
rate for an exercise test or an imaging test without ischemic ECG 
or imaging abnormalities. Similarly, if the previous stress test was 
deemed inadequate (as locally defined) or was ended prematurely, 
repeat stress testing may be considered.

Access to care is also a consideration since outpatient stress 
testing may be more difficult to obtain for certain patients based 
on socioeconomic factors.60 Clinicians may be more likely to offer 
same- day stress testing or admission, hospital or observation, for 
patients who are at higher risk of loss to follow- up.

Conclusions and research needs

Although no studies directly addressed the exact PICO question 
above, the three studies included in this review indirectly addressed 
a similar question. Extrapolating from these studies’ results, re-
peated provocative stress testing is unlikely to reduce the risk of 
MACE at 30 days in patients with recurrent, low- risk chest pain. 
Further research to answer this exact question would need to focus 
specifically on ED patients with recurrent, low- risk chest pain with 
normal stress testing within the last 12 months.

Recommendation 2: In adult patients with recurrent, low- risk 
chest pain, and a normal stress test within the previous 12 months, 
we do not recommend repeat routine stress testing as a means to 
decrease rates of MACE at 30 days. (Conditional, Against) [Low 
level of evidence].

QUESTION 3

In adult patients with recurrent, low- risk chest 
pain, is admission to the hospital versus stay in the 
ED observation unit versus outpatient follow up 
recommended for ACS outcomes within 30 days?

Summary of the evidence

No articles were available, and no indirect evidence was found.

Conclusions and research needs

The acceptable miss rate of ACS outcomes in patients who are deemed 
low risk is largely agreed to be <1%.29 Healthcare costs associated with 

the ED evaluation of chest pain are significant and it may be worthwhile 
to consider that cost when making disposition decisions. The cost of 
admission for the evaluation of chest pain has been shown to be greater 
than that of evaluation provided in an observation unit with the most 
significant cost benefit associated with discharge from the ED.61– 63

Recommendation 3: In adult patients with recurrent, low- risk 
chest pain, there is insufficient evidence to recommend hospitaliza-
tion (either standard inpatient admission or observation stay) ver-
sus discharge as a strategy to mitigate major adverse cardiac events 
within 30 days. [No evidence].

Note that there is no GRADE software evidence table for this 
question in the appendix due to lack of evidence.

QUESTION 4

In adult patients with recurrent, low- risk chest pain 
and a negative cardiac catheterization defined as less 
than 50% stenosis what is their risk of subsequent 
ACS and time to ACS?

Cardiac catheterizations are frequently performed procedures and are 
indicated for several reasons, including the diagnosis of coronary ste-
nosis and occlusion in the setting of ACS. However, there are no clear- 
cut guidelines for if and when catheterization should be performed in 
the setting of recurrent chest pain. There is variation in how often this 
procedure is performed, and even debate as to the appropriateness of 
these procedures in some cases.64,65 In fact, some studies suggest that 
high rates of normal or negative diagnostic catheterizations indicate 
opportunities for improved patient selection for the procedure.66 On 
an individual level, both patient and physician preferences influence 
the decision to undertake this procedure. Females are less likely to 
be recommended for cardiac catheterization by their physicians, and 
are also less likely to prefer this as a diagnostic test for their chest 
pain symptoms.58,67 These factors may have contributed to the lack of 
direct evidence for this series of PICO questions.

Summary of evidence

The evidence informing this question is based on data from one 
meta- analysis and a few retrospective observational studies. Only 
the meta- analysis by Radico68 (2018, 54 studies with 35,039 pa-
tients, 99,770 person- years and median follow- up 5 years) sepa-
rately analyzed those patients with non- obstructive CAD (<50%) 
versus those with 0% stenosis (which is the next question addressed 
by this guideline). Statistical heterogeneity was high (I2 = 93%) for 
studies with less- than- obstructive CAD patients. It should be noted 
that this meta- analysis included studies using both invasive cardiac 
catheterization (the topic of questions 4 and 5) as well as CCTA (the 
topic of question 6), thus each article in the meta- analysis was re-
viewed and we extracted the relevant articles using cardiac catheri-
zation for inclusion as evidence for this question (Table 4).
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The incidence of all- cause mortality and MI was 1.32/100 person- 
years, (95% CI 1.02– 1.62), meaning 1.32 cases are expected for 100 
patients followed for 1 year, or 0.66 cases for 100 patients followed 
for 2 years.69– 73

The other observational studies did not separately analyze those 
without any stenosis versus those with <50% stenosis.69– 73 The data 
available suggest that the likelihood of non- fatal MI or all- cause mor-
tality within 5 years is very low in this group of patients with coro-
nary stenosis between 1% and 49% (Appendix 4).

Benefits

The potential benefit of cardiac catheterization for ED patients with 
recurrent, low- risk chest pain would be to potentially detect a struc-
tural cause of chest pain. Stress testing and cardiac catheterization 
provide functional versus structural/anatomical information regarding 
cardiac causes of chest pain. In addition, a cardiac catheterization al-
lows for an intervention if a stenotic lesion is found. Finally, catheteri-
zation may provide some reassurance to the patient and provide the 
perception that their symptoms have been fully evaluated.56

Harms and burden

The harms of cardiac catheterization for ED patients with recurrent, low- 
risk chest pain include the potential for an allergic reaction to contrast, 
radiation exposure of fluoroscopy, procedural risks, and complications. 
These risks include bruising, bleeding, perforation, arrhythmias and con-
trast nephropathy, and very rarely, death. The burdens on the patient could 
include avoidable out- of- pocket expenses, travel time, and recovery time.

Conclusions and future research needs

The data available suggest that the likelihood of non- fatal MI or all- 
cause death within 5 years is low in this group. It is reasonable to avoid 
low- yield admission or inpatient observation for such patients and 
they could be referred for expeditious outpatient evaluations after dis-
charge. Ongoing research is needed to follow outcomes in such pa-
tients, using standard definitions for the outcomes of interest (MACE, 
death) and timeframes for follow- up. Incorporating patient values, pref-
erences, and equity considerations into such research is also important, 
as are the resource utilization issues with such lower- risk populations.74

Recommendation 4: In adult patients with recurrent, low- risk 
chest pain and non- obstructive (<50% stenosis) CAD on prior an-
giography within 5 years, we suggest referral for expedited out-
patient testing as warranted rather than admission for inpatient 
evaluation. (Conditional, For) [Low level of evidence].

QUESTION 5

In adult patients with recurrent, low- risk chest pain 
and a negative cardiac catheterization defined as no 
coronary disease (0% stenosis) what is their risk of 
subsequent ACS and time to ACS?

Summary of evidence

The data available suggest that the likelihood of non- fatal MI or all- 
cause death within 5 years is very low in this group. The evidence 
informing this question is based on data from one meta- analysis, 
and a number of retrospective studies. Only the meta- analysis by 

TA B L E  4  Evidence table for Question 4— In adult patients with recurrent, low- risk chest pain and a cardiac catheterization with <50% 
stenosis what is their risk of subsequent acute coronary syndrome?

No. of studies

Certainty assessment

CertaintyStudy design Risk of bias Inconsistency Indirectness Imprecision
Other 
considerations

All- cause mortality and MI

23a  Observational studies Seriousb  Very seriousc  Not seriousd  Not serious Strong association ⨁⨁◯◯
LOW

Non- fatal MI

23 Observational studies Seriousb  Very seriouse  Not serious Not serious Strong association ⨁⨁◯◯
LOW

All- cause mortality

23 Observational studies Seriousb  Very seriouse  Not serious Not serious Strong association ⨁⨁◯◯
LOW

Abbreviations: CT, computed tomography; MI, myocardial infarction.
aMedian follow- up of 5 years (interquartile range 3– 7 years; range 1– 10 years)
bMost included studies were considered as high .risk of bias.
cThe authors included studies using diagnostic angiograms as well as coronary CT angiograms. There was variable follow up from 1 to 10 years. 
Studies with follow up <1 year were excluded.
dOverall included population had higher cardiovascular risk (enough to require an angiography).
eI2 = 91% very heterogeneous results.
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Radico (2018, 54 studies, 35,039 patients, 99,770 person- years 
and median follow- up 5 years) separately analyzed those patients 
with non- obstructive CAD (<50%) versus those with 0% stenosis. 
It should be noted that this meta- analysis included studies using 
both invasive cardiac catheterization (the topic of questions 4 and 
5) as well as CCTA (the topic question 6), thus each article in the 
meta- analysis was reviewed and we extracted the relevant articles 
using cardiac catherization for inclusion as evidence for this ques-
tion (Table 5).

The incidence of all- cause mortality and MI was 0.52/100 
person- years, (95% CI 0.34– 0.71), meaning 0.52 cases are expected 
for 100 patients followed for 1 year, or 0.26 cases for 100 pa-
tients followed for 2 years. Statistical heterogeneity was moderate 
(I2 = 64%) for studies of patients with normal coronary arteries. The 
other observational studies did not separately analyze those without 
any stenosis versus those with <50% stenosis. (Appendix 4).

Benefits

The potential benefit of cardiac catheterization for ED patients 
with recurrent, low- risk chest pain would be to potentially detect a 
structural cause of chest pain. Stress testing and cardiac catheteri-
zation provide functional versus structural/anatomical information 
regarding cardiac causes of chest pain. In addition, a cardiac cath-
eterization allows for an intervention if a stenotic lesion was found. 
Finally, catheterization may provide some reassurance to the patient 
and provide the perception that their symptoms have been fully 
evaluated.

Harms and burden

The harms of cardiac catheterization for ED patients with recurrent, 
low- risk chest pain include the potential for an allergic reaction to 
contrast, radiation exposure of fluoroscopy, procedural risks, and 
complications, as described previously. The burdens on the patient 
could include avoidable out- of- pocket expenses, travel time, and re-
covery time.

Conclusions and future research needs

Given the low 5- year rates of non- fatal MI and all- cause mortality 
in patients with a negative cardiac catheterization (0% stenosis), it 
is advisable to avoid low- yield admission or inpatient observation 
for such patients, and they could be referred for expeditious out-
patient evaluations after discharge. Ongoing research is needed to 
follow outcomes in such patients, using standard definitions for out-
comes of interest (MACE and death) and timeframes for follow- up. 
Incorporating patient values, preferences, and equity considerations 
into such research is also important, as are the resource utilization 
issues with such low- risk populations.TA
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Recommendation 5: In adult patients with recurrent, low- risk 
chest pain and no occlusive CAD (0% stenosis) on prior angiography 
within 5 years, we recommend referral for expedited outpatient 
testing as warranted rather than admission for inpatient evaluation. 
(Conditional, For) [Low level of evidence].

QUESTION 6

In adult patients with recurrent, low- risk chest pain 
and a negative coronary CT angiogram what is their 
risk of subsequent ACS and time to ACS?

Summary of the evidence

There were no studies with direct evidence to answer this ques-
tion. Additional searches for indirect evidence yielded 18 rel-
evant studies that evaluated the prognostic value of CCTA for 
predicting long- term coronary events in patients who had pre-
viously undergone CCTA for evaluation of potential ischemic 
symptoms. Data were derived from randomized trials evaluat-
ing CCTA versus standard of care or another imaging technique 
(stress myocardial perfusion imaging or stress echocardiography), 
ED observation studies, and registries that included patients who 
underwent CCTA for assessing patients with possible ischemic 
symptoms. In general, the studies excluded patients who had 
known coronary disease and those who had contraindications 
to CCTA such as renal failure and arrhythmias. Consideration as 
to how a “negative” CCTA is defined is important. Most studies 
separated results into those with normal scans (0% stenosis), and 
those with mild stenosis (1%– 49% stenosis). Assessing long- term 
outcomes is difficult, as almost all ED trials focused on outcomes 
based on the specific CCTA strategy used for evaluating low to 
intermediate- risk patients as opposed to reporting outcomes 
based on the degree of stenosis present on the CCTAs. Two stud-
ies that included patients who underwent outpatient evaluation 
for possible myocardial ischemia reported long term results. The 
CONFIRM Registry75 reported that patients who had a normal 
(negative) CCTA were at very low- risk, with a rate of MI of 0.08%, 
all- cause mortality of 0.4%, and a MACE rate of 0.6% at a median 
of 2.1 years follow- up. Patients who had 1%– 49% stenosis had 
corresponding event rates of 1.3%, 0.5%, and 2.4%, respectively. 
In the PROMISE Trial,76 patients with a normal CCTA had a rate of 
cardiovascular death and MI of 0.3% during a median follow- up 
of 26 months. Those who had a mildly abnormal CCTA (1%– 49% 
stenosis) had a corresponding event rate of cardiovascular death 
and MI of 1.6%.

In the PROMISE Trial, among the subset of 3800 patients who 
had a negative test, 8% subsequently underwent secondary nonin-
vasive testing within 90 days of the CCTA, while 4% had coronary 
angiography.76 However, the results of the secondary test results 
were not reported. These studies did not address the “recurrence” of 
chest pain; it would be expected that patients who are low risk with 

an initial negative ischemic evaluation, including CCTA, would likely 
have even lower risks of AMI or MACE than observed in CONFIRM 
and PROMISE (Table 6).

Benefits

The benefits of a negative ED CCTA are to accurately exclude 
30- day MACE rates and decrease admission to the hospital or ob-
servation unit. Longer- term benefits are that patients who have 
a normal CCTA or one with only mild stenosis who return with 
recurrent symptoms do not require extensive ischemic evaluation, 
thereby reducing costs. The indirect evidence supports this ben-
efit, as the risk for later MI and death is very low.

Harms and burden

The harms of ED CCTA are associated with possible contrast reac-
tions as well as radiation exposure. Multiple epidemiological studies 
have shown an increased risk of breast, blood and thyroid cancers 
after a single computed tomography (CT) scan of the chest, espe-
cially in young persons. Longitudinal, population- based studies 
estimate that for every 10,000 CT scans done in patients under 
40 years of age, approximately 35 will develop cancer.77– 83 This 
risk is increased with repeated CT scans, female sex and younger 
age.83– 85 At the patient level, one study has estimated a 0.07% in-
creased lifetime risk of cancer for a single CT scan of the chest and 
a 0.12% increased lifetime risk of cancer for nuclear myocardial 
perfusion imaging.86 Simulation modeling has estimated the life-
time cancer risk for a standard CCTA to vary from 1 in 143 for a 
20- year- old woman to 1 in 3261 for an 80- year- old man.87The bur-
dens are higher charges and longer ED length of stay, compared to 
a no testing strategy, which likely exacerbate patient's healthcare 
bills and ED crowding.

Decision criteria and additional considerations

Defining the optimal testing strategy for patients who had a prior 
negative CCTA who return with recurrent chest pain is important. 
Accurately identifying the time period during which a negative CCTA 
remains valid is also important.

Conclusions and research needs

Based upon indirect evidence, we do not recommend routine re-
peat evaluation other than a troponin and ECG for patients with re-
current, low- risk chest pain after a negative CCTA within 2 years. 
Additional research explicitly evaluating the risk of ischemic events 
in patients who have recurrent, low- risk chest pain after negative 
ischemic testing is important.
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Recommendation 6: In adult patients with recurrent, low- risk 
chest pain and prior CCTA within the past 2 years with no coro-
nary stenosis, we suggest no further diagnostic testing other than 
a single, high- sensitivity troponin below a validated threshold 
to exclude ACS within that 2- year time frame. (Conditional, For) 
[Moderate level of evidence].

QUESTION 7

In adult patients with recurrent, low- risk chest pain, 
what is the yield of depression and anxiety screening 
tools in healthcare use and return ED visits?

Summary of the evidence

With regard to depression screening, we were unable to iden-
tify any studies with direct evidence to answer this question. We 
were able to identify one study for inclusion to provide indirect 
evidence.88This prospective cohort study of low- to- moderate car-
diac risk ED patients admitted to a chest pain observation unit 
showed an increased risk of chest pain recurrence among ED chest 
pain patients who screened positive for clinically significant de-
pression (odds ratio [OR] 2.11; 95% CI 1.18– 3.79), as well as in-
creased ED return visits and increased healthcare use.89 However, 
this study had a small sample size (n = 365). The depression screen-
ing tool used in this study was the validated 8- item Patient Health 
Questionnaire depression scale (PHQ- 8), which has been shown 
to have a sensitivity and specificity for major depressive disor-
der in the general population of 100% and 95% respectively for 
a PHQ- 8 score ≥10 along with a likelihood ratio of a positive test 
of 28.89

For anxiety screening, three studies were included to provide 
indirect evidence.88,90,91 Each was a prospective observational 
cohort study of low- to- moderate risk chest pain patients evalu-
ated in the ED or ED observational unit. One study88 reported 
no increased risk of chest pain recurrence among patients with 
anxiety (adjusted OR 1.59; 95% CI 0.80– 3.79), while another 
study90 found increased risk of chest pain recurrence with an OR 
of 2.36 (95% CI 1.09– 5.15). Regarding return ED visits, two stud-
ies88,90 showed increased risk of ED return in patient screening 
positive for anxiety, while one study91 showed no difference in re-
turn visits. Regarding overall healthcare use, one study91 showed 
no significant difference among the two groups (18.2% vs. 24.8%) 
(Tables 7 and 8).

Kim et al. used the clinical anxiety scale (CAS),92 a 25- item self- 
administered tool to determine anxiety symptoms over the 2 weeks 
prior to assessment with a cutoff score ≥30 as predictive of clinical 
anxiety. Musey et al. used the validated hospital anxiety and depres-
sion scale- anxiety subscale (HADS- A), which is a 7- item self- reported 
scale with a scoring range of 0– 21 with a cutoff of ≥8 as borderline ab-
normal anxiety.93 Finally, Schwarz et al. used the validated generalized 
anxiety disorder 7- item scale (GAD- 7) to identify anxiety symptoms 

over the prior 2 weeks with scores ≥15 denoting severe anxiety.94 
(Appendix 5).

Benefits

These observational cohort studies demonstrated that screening for 
depression and/or anxiety in a population of ED patients with low- to- 
moderate risk chest pain uncovered a higher prevalence of clinically 
relevant depression and/or anxiety symptoms compared with what is 
seen in the general population.

Harms and burden

The screening tools used in these studies were all self- administered, and 
ranged in length from 7 to 25 questions depending upon the domain as-
sessed. It is unclear if incorporating these screening tools into the clinical 
workflow would cause an undue burden to either the provider or patient. 
However, it should be noted that many departments and health systems 
already mandate screening of suicidal ideation, and, depending upon the 
screening tool used, may also screen for significant depression, as well. 
Moreover, these observational studies also provided no information as 
to what to do with this added screening information with respect to pa-
tient communication or disposition. It should be clearly stated that the 
presence of a mental health problem, in this case either depression or 
anxiety (to be discussed in question 8) does not minimize the risk that the 
patient under evaluation may be in the midst of a cardiac event. Indeed, 
there is evidence supporting the assertion that untreated anxiety and de-
pression are independent risk factors for the development of CAD.95– 98 
Additionally, impaired mental health, particularly post- traumatic stress 
disorder, depression, and anxiety are associated with increased mortal-
ity and poorer health outcomes in survivors of ACS.99 Thus, when taking 
screening into account, clinicians will need to guard against premature 
closure and anchoring bias, which represent two types of cognitive error 
that can threaten patient safety by failing to consider potentially life- 
threatening etiologies of chest pain attributed to psychiatric causes.30

Decision criteria and additional considerations

Currently, our healthcare systems and EDs are encouraged by the 
Joint Commission to implement universal screening for suicidality, 
for all patients, irrespective of whether they are presenting with psy-
chiatric complaints of suicidality.100This is an acknowledgment of the 
fact that it is well- established that undiagnosed or under- addressed 
psychological factors, such as anxiety and depression, are prevalent 
(possibly >40%) and may complicate or contribute directly to medi-
cal problems and somatic complaints.101 However, it must be stated 
that the primary imperative of emergency medicine is to evaluate for 
and manage conditions that pose immediate threats of morbidity and 
mortality. Thus, of paramount relevance to EM providers is the notion 
that “EM should not take on any non- core initiatives until ED care 
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itself is adequately resourced.”102Therefore, the barriers to screen-
ing for psychological conditions in some cases and ED environments 
are myriad: (1) optimal timing regarding when in the time course such 
screening is appropriate and whether it can or should occur in triage 
or in the treatment area; (2) what specific screening tool(s) should be 
used and how should they be administered (e.g., verbal, paper, elec-
tronic) and who should administer (e.g., self- administered, nursing 
personnel, social workers, ED providers); and (3) should screening be 
universal or triggered by an overt action such as a physician order?

Additionally, the decisions about how to deal with the results of 
screening results pose serious consideration (i.e. how are results pro-
vided to both clinicians and patients and how does this translate into 
the next step in care). There also must be an acknowledgment of the 
role of gender and race in the historical context of labeling patients 
as hysterical in the case of females or under- diagnosis in the case of 
minorities.103,104 Finally, it has been documented that ED providers 
do not often address these psychological issues even when informed, 
which may be a result of the lack of sufficient available resources, 
such as directed outpatient psychiatric follow- up.105,106 Thus, there 
is a need to determine what the responsibility of the treating clini-
cian is with regard to specifically addressing the screening results, 
especially in the landscape of medicolegal considerations. While in-
dividual providers are free to use their clinical judgment and pursue 
targeted screening for their patients, for the reasons outlined above, 
the decision to embrace a more comprehensive screening paradigm 
should be made at the level of the department where appropriate 
system resources should be coordinated to support such an effort.

Conclusions and research needs

Indirect evidence from a single site prospective observational study 
found increased chest pain recurrence, ED utilization, and healthcare 
use among patients screening positive for clinically relevant depres-
sion among a population of low- to- moderate risk chest pain patients. 
While indirect evidence from three studies found that, despite a high 
prevalence of clinically relevant anxiety among low- to- moderate risk 
chest pain patients, there are mixed results for this association with 
chest pain recurrence, ED utilization and healthcare use. To provide 
specific direct evidence to answer this question, prospective studies 
are needed which (1) include a measure of recurrent chest pain visits 
prior to enrollment; (2) include a clear description of ACS risk stratifi-
cation in the ED and specifically include those with low- risk; (3) screen 
for the presence of clinically significant anxiety and depression at the 
time of enrollment using an instrument validated for use in the ED; 
and (4) assess specifically for outcomes of ED utilization and health 
care utilization (with a clear breakdown of the number of visits specifi-
cally for chest pain versus other reason for visit), as well as methods 
for determining chest pain recurrence which minimize recall bias.

Recommendation 7: In adult patients with recurrent, low- 
risk chest pain, we suggest depression and anxiety screening as 
these might have an effect on healthcare use and return ED visits. 
(Conditional, Either) [Very low level of evidence].

QUESTION 8

In adult patients with recurrent, low- risk chest pain, 
what is the role of referral for anxiety or depression in 
healthcare use and return ED visits?

Summary of the evidence

There were no studies to provide direct evidence for this question. 
However, there were two systematic reviews available to provide in-
direct evidence for this question. No additional studies were found. 
Kisely et al.107 evaluated psychological interventions in 17 RCTs with 
1006 participants for symptomatic management of non- specific chest 
pain in patients with normal coronary anatomy. Interventions included 
cognitive behavioral therapy, relaxation therapy, hyperventilation con-
trol, hypnotherapy, and other psychotherapy/counseling. There was a 
reduction in reports of chest pain in the first 3 months following the 
intervention (relative risk [RR] 0.70; 95% CI 0.53– 0.92). There was an 
increase in the number of chest pain- free days up to 3 months follow-
ing the intervention (mean difference [MD] 3.00; 95% CI 0.23– 5.77) 
and reduced chest pain frequency (MD −2.26; 95% CI −4.41 to −0.12). 
There was no effect on the severity of chest pain (Table 9).

Wang et al.108 evaluated antidepressants for symptomatic man-
agement of functional chest pain (defined as normal coronary angi-
ography). The authors included seven RCTs of 319 patients. There 
was an association between antidepressants and pain reduction 
(standardized mean difference [SMD] −1.26; 95% CI −2.34 to −0.19) 
and psychological symptoms (SMD −0.87; 95% CI −1.67 to −0.08), as 
well as increased side effects (OR 0.34; 95% CI 0.15– 0.78). There was 
no significant improvement in health- related quality of life (weighted 
mean difference 2.00; 95% CI −2.54 to −6.65) (Appendix 6).

Benefits

These systematic reviews of trials of psychological interventions 
in patients with nonspecific or functional chest pain (one looking 
at multi- component psychological interventions and one assess-
ing an anti- depressant intervention) demonstrated a reduction 
in chest pain frequency and an improvement in psychological 
symptoms.

Harms and burden

The indirect evidence presented here is based upon interventions 
of which only a portion was initiated in the ED setting. Similar to 
the discussion of the addition of screening tools for anxiety and/or 
depression in PICO question 7, the effect of referral for behavio-
ral or pharmacologic interventions on ED flow/throughput cannot 
be quantified. Thus, it is unclear if this step represents an undue 
burden to providers or patients; however, it should be noted that 
ED clinicians often make referrals for outpatient evaluation and 
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management of non- emergent conditions which is similar to this. 
The adverse events associated with behavioral events were not as-
sessed/reported; however, antidepressants were associated with 
an increased risk of non- serious side effects, such as drowsiness 
and fatigue.

Decision criteria and additional considerations

The decision to refer for management of anxiety and or depres-
sion in patients with low- risk chest pain is directly related to 
the discussion of additional considerations in PICO question 
7 above. In summary of that discussion, while the decision to 
screen a particular patient is at the discretion of the clinical 
provider, initiation of broad- based screening in this popula-
tion of interest is likely best operationalized, resourced, and 
backstopped at the level of the hospital or healthcare system. 
As such, the decision regarding how to handle the results of 
this screening should be operationalized in such a manner that 
there is consistency and ease of access. An example of a specific 
consideration would be what to do with a patient that screens 
positive for severe anxiety or depression. Should behavioral 
health or social work be notified automatically; can this hap-
pen independent of the provider; do discharge instructions au-
tomatically get populated with referral instructions to specific 
clinics or clinicians? Clearly, this topic and these determinations 
require system- level support and are affected by the local re-
sources available.

Conclusions and research needs

Evidence suggests modest benefit for psychological interven-
tions (particularly cognitive behavioral therapy) within the first 
3 months after the intervention. Antidepressant medications 
might be associated with improvements in pain and psychological 
symptoms, but no difference in health- related quality of life. A 
number of significant questions remain unanswered and should 
be further investigated, specifically in the population of patients 
with recurrent, low- risk chest pain. As a practical note, probably 
the most important question for ED clinicians aside from screen-
ing implementation is: how does patient receptivity and prefer-
ence impact the referral for further behavioral health evaluation 
and intervention in this population? Is the current pragmatic ac-
cess to mental health resources sufficient, or are more resources 
required for implementation? How does insurance status affect 
the ability to follow up as an outpatient? How does documenta-
tion of previously unrecognized depression impact malpractice 
risk? Are these psycho- behavioral interventions equivalent and 
interchangeable, or are there some recurrent chest pain sub-
types that respond differently to various modalities? What ef-
fect does referral for anxiety and depression management have 
on patient perceptions of stress? Additional research to provide 

direct evidence on the numbers needed to treat and harm, 
cost- effectiveness, and healthcare disparities are of paramount 
importance.

Recommendation 8: In adult patients with recurrent, low- risk 
chest pain, we suggest referral for anxiety/depression manage-
ment, as this might have an impact on healthcare use and return 
ED visits. (Conditional/Either) [Low level of evidence].

The GRADE Evidence to Decision Framework tables are located 
in Appendix 7.

GENER AL ISSUES NECESSARY FOR 
CORREC T INTERPRETATION AND 
IMPLEMENTATION OF RECOMMENDATIONS

Limitations

Given the topic of these guidelines, the panel rightly included ED cli-
nicians, a cardiologist, a patient with lived experiences, and method-
ologists. However, stakeholders representing primary care, mental 
health, and the medicolegal perspective were not a part of this panel 
at its inception. It is possible that these perspectives may have pro-
vided further insight particularly with regard to the decision criteria 
and additional considerations sections for each question.

The NEATS analysis performed for this guideline is limited by a 
single assessment by a NEATS- experienced rater (SU), who is also 
part of this project Methods team, and was completed before dis-
tribution for external stakeholder/audience review. Ideally, future 
GRACE guideline draft manuscripts will be independently rated 
using NEATS, and feedback incorporated by panel writers when 
completing final manuscripts.

Assumed values and preferences

Limited data exist on patient preferences regarding the manage-
ment of recurrent, low- risk chest pain. In the Chest Pain Choice 
multicenter trial, ED patients with low- risk chest pain had a better 
understanding of their risk of ACS, were less likely to agree to ad-
mission, and received fewer advanced cardiac imaging tests when 
a decision aid was used to explain their risk level and options for 
care.109,110 Men and women are equally likely to prefer noninvasive 
over invasive evaluation and management for CAD, and the vast 
majority (85%) would accept their physician's recommendation for 
stress testing. However, women and Black patients were less likely 
than men and non- Black patients to say they would accept a physi-
cian's recommendation for cardiac interventions.58 At 30- day follow 
up, women were less likely than men to receive any cardiac diagnos-
tic testing and to undergo cardiac catheterization.58Taken together, 
these data highlight the importance of shared decision- making and 
considering patients’ values and preferences in the ED management 
of low- risk chest pain.74 Although the panel acknowledges that the 
method of communicating with patients about their chest pain was 
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not evaluated as a specific PICO question, a patient information 
sheet (Appendix 8) was created in an effort to make our recommen-
dations more accessible to the average ED patient. It was vetted by 
our patient representative. It could be useful as a dissemination tool, 
and could even be printed out and given to patients while they are 
in the ED.

Shared decision- making works best when there is equipoise in 
decisions and given how preference and value- sensitive many of 
these clinical decisions are, and since most of the recommendations 
fall into the conditional category, shared decision making should 
be considered when operationalizing these recommendations into 
practice. Specific steps to operationalize the implementation of 
these guidelines are beyond our scope. Suggestions include pro-
vider education on these recommendations, understanding of local 
resources available at each center including outpatient follow up, 
access to cardiology clinics, availability of stress testing, use of de-
cision aids, etc. Furthermore, involving patients in their healthcare 
decisions has shown that patients prefer less invasive choices, with 
the potential to decrease costs and increase satisfaction. We cre-
ated an accessible 1- page infographic for physician education and to 
facilitate shared decision- making conversations with patients at the 
bedside (Supplemental Material 2).

Plans for updating these guidelines

Evidence is constantly growing. These guidelines should be updated 
within 5 years, or when significant new relevant high- quality research 
requires reassessment and revision of the relevant recommendation(s). 
Adoption of these guidelines should be tailored to local policies and 
practices. Availability of cardiology consultation, stress test, CCTA 
and type of troponin test might differ in each hospital.

Monitoring criteria for audit/feedback of 
implementation

Based on the recommendations of this guideline being Conditional 
with Very Low/Low/Moderate levels of supporting evidence, we 
cannot offer monitoring criteria for audit/feedback purposes with 
prospective implementation of any/all of these recommendations 
at this time. Should future evidence and updates warrant a Strong 
recommendation for an intervention with High level supporting 
evidence, we will suggest potential monitoring/audit criteria at that 
time.

CONCLUSIONS

These guidelines outline and summarize the evidence and strength 
of GRACE recommendations regarding eight priority questions 
of interest to emergency clinicians, other healthcare profession-
als, patients, and policymakers with regard to the evaluation and 

management of patients with recurrent, low- risk chest pain seen 
in the ED. Direct evidence for the selected priority questions in 
this population is lacking, which highlights areas which will ben-
efit from further robust prospective investigation in this specific 
population.
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