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Abstract 

Background Chest pain is responsible for millions of visits to the emergency department (ED) annually. Cardiac 
ultrasound can detect ischemic changes, but varying accuracy estimates have been reported in previous studies. We 
synthetized the available evidence to yield more precise estimates of the accuracy of cardiac ultrasound for acute 
myocardial ischemia in patients with chest pain in the ED and to assess the effect of different clinical characteristics 
on test accuracy.

Methods A systematic search for studies assessing the diagnostic accuracy of cardiac ultrasound for myocardial 
ischemia in the ED was conducted in MEDLINE, EMBASE, CENTRAL, CINAHL, LILACS, Web of Science, two trial regis‑
tries and supplementary methods, from inception to December 6th, 2022. Prospective cohort, cross‑sectional, case–
control studies and randomized controlled trials (RCTs) that included data on diagnostic accuracy were included. 
Risk of bias was assessed with the QUADAS‑2 tool and a bivariate hierarchical model was used for meta‑analysis 
with paired Forest and SROC plots used to present the results. Subgroup analyses was conducted on clinically rel‑
evant factors.

Results Twenty‑nine studies were included, with 5043 patients. The overall summary sensitivity was 79.3% (95%CI 
69.0–86.8%) and specificity was 87.3% (95%CI 79.9–92.2%), with substantial heterogeneity. Subgroup analyses showed 
increased sensitivity in studies where ultrasound was conducted at ED admission and increased specificity in stud‑
ies that excluded patients with previous heart disease, when the target condition was acute coronary syndrome, 
or when final chart review was used as the reference standard. There was very low certainty in the results based 
on serious risk of bias and indirectness in most studies.

Conclusions Cardiac ultrasound may have a potential role in the diagnostic pathway of myocardial ischemia 
in the ED; however, a pooled accuracy must be interpreted cautiously given substantial heterogeneity 
and that important patient and test characteristics affect its diagnostic performance.

Protocol Registration: PROSPERO (CRD42023392058).
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Background
Chest pain is one of the leading causes for emergency 
department (ED) visits among adults with more than one 
million cases reported in England’s emergency services 
during the 2021–2022 period [1] and more than 7 mil-
lion ED visits in the United States in 2020, corresponding 
to approximately 5.5–5.7% of all ED visits and to 20% of 
hospital admissions [1–3].

Chest pain can be caused by a wide range of diseases 
from life-threatening conditions such as acute coronary 
syndrome (ACS), aortic dissection, pulmonary embo-
lism or pericardial effusion, to more benign and harmless 
entities [4, 5], making it a diagnostic challenge for emer-
gency physicians. Ultimately, only 5.1% of all chest pain 
visits are diagnosed with acute coronary syndrome [5], 
but a missed diagnosis can be clinically devastating with 
high impact on morbidity and mortality [6, 7].

Transthoracic echocardiography (TTE) has been tra-
ditionally performed by cardiologists to provide com-
prehensive information on structural, functional, and 
hemodynamic aspects of the heart and great vessels 
and requires an extensive knowledge base with training 
standards [8–10]. The development of smaller and porta-
ble devices along with ultrasound education, training and 
certification in different medical specialties has led to the 
emergence of cardiac ultrasound protocols for different 
clinical settings, and to other specialists taking care of 
patients with cardiovascular emergencies becoming pro-
ficient in cardiac ultrasound imaging [10–14].

Cardiac ultrasound is superior to physical examination 
in correctly identifying the majority of cardiovascular 
conditions and can provide and an early assessment of 
left and right ventricular function, regional wall motion 
abnormalities  (RWMA), pericardial effusion or valvu-
lar disorders [15–18]. Furthermore, clinical examina-
tion assisted by a focused cardiac ultrasound (FoCUS) 
increases sensitivity by 41% compared to clinical exami-
nation alone for the diagnosis of left ventricular dysfunc-
tion and 25% for the detection of moderate to severe 
aortic and mitral valve disease [19, 20].

Changes in regional wall motion can be visualized by 
echocardiography within seconds of myocardial ischemia 
even before electrocardiographic changes, as shown in 
patients undergoing coronary angioplasty after balloon 
inflation [21, 22] RWMA can be seen during transient 
ischemia with normal cardiac markers [21, 23, 24], and 
the absence of RWMA in patients with on-going chest 
pain has been reported to have a high negative predictive 

value for acute myocardial ischemia [25], giving cardiac 
ultrasound a potential role in the early detection of acute 
coronary syndromes in patients with chest pain in the 
ED.

Several studies have assessed cardiac ultrasound diag-
nostic accuracy for acute myocardial ischemia in patients 
with acute chest pain with a wide range of sensitivities 
(21% to 100%) [26, 27] and specificities (33% to 100%) 
reported [28, 29]. This uncertainty may be due to the fact 
that many of these studies are small, and the patient spec-
trum, ultrasound timing, protocols, devices and provid-
ers vary [24, 25, 30–32]. The aim of this systematic review 
is to identify, evaluate and synthetize all the available 
evidence to yield more precise estimates of the accuracy 
of cardiac ultrasound for the diagnosis of acute myocar-
dial ischemia in patients with chest pain in the ED and to 
assess how different patient populations, and clinical or 
ultrasound characteristics may impact test accuracy [33].

Methods
This review was conducted according to the Cochrane 
Handbook for Systematic Reviews of Diagnostic Test 
Accuracy [34], and results reported according to the 
preferred reporting items for systematic review and 
meta-analysis of diagnostic test accuracy studies 
(PRISMA-DTA), included in e-Appendix  1 (Additional 
File 1) [35]. The protocol for this review was registered in 
PROSPERO (CRD42023392058).

Search methods
Systematic searches were conducted in MEDLINE, 
EMBASE, CENTRAL, CINAHL and LILACS from the 
date of inception to December 6th, 2022, with no lan-
guage restrictions, and no additional filters. Supplemen-
tary searches were conducted in the Web of Science 
Complete Core Collection (including the Science citation 
index and the Conference Proceedings citation index), 
two trial registries (ClinicalTrials.gov and Interna-
tional Clinical Trials Registry Platform), Google Scholar 
and Google (until 5 pages with no relevant results were 
retrieved) and finally, by checking reference lists of stud-
ies included in the review. Consultation with an experi-
enced librarian was undertaken during the development 
and implementation of the search strategy [36]. Search 
terms included a combination of MeSH terms (Medical 
Subject Headings) and free text using permutations of the 
search terms “ultrasonography”, “myocardial ischemia” 

Keywords Echocardiography, Emergency department, Ischemia, Myocardial infarction, POCUS, Point‑of‑care, 
Ultrasound
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and “emergency” (see e-Appendix 2 in Additional File 1 
for details).

Eligibility criteria
The review included prospective cohort, cross-sectional, 
case–control studies and randomized controlled trials 
of interventions that included data on diagnostic accu-
racy. Case reports/series, animal studies, and retrospec-
tive studies were excluded [37, 38]. We included studies 
conducted in adults with chest pain or chest pain equiva-
lents of any duration, alone or in combination with other 
signs or symptoms presenting to the ED or chest pain 
units within the ED. In cases of a mixed clinical presenta-
tion, studies that reported separate data for patients with 
chest pain and studies where the majority of patients 
presented with chest pain were included. Trauma, post-
cardiac arrest, and mechanically ventilated patients were 
excluded as well as prehospital, primary/ambulatory care, 
hospital wards, and intensive/coronary care unit settings. 
Index test was any cardiac ultrasound protocol includ-
ing transthoracic echocardiography (comprehensive or 
limited) or point-of-care ultrasound (POCUS) protocols, 
assessing regional wall motion abnormalities or left ven-
tricular decreased contractility, conducted at the patient’s 
bedside, performed by physicians, training physicians 
or sonographers with the intention of identifying acute 
myocardial ischemia or evaluating the etiology of chest 
pain. Studies using only speckle-tracking and strain echo-
cardiography were excluded based on limited availability 
of this technology in emergency settings affecting gener-
alizability of findings as well as ultrasounds performed 
by radiologists, nurses, or conducted inside a radiol-
ogy suite. Studies that assessed any type of myocardial 
ischemia as target condition (ACS, myocardial infarc-
tion and/or unstable angina, significant coronary artery 
stenosis), using any test positivity criteria and using any 
relevant reference standard or combination of reference 
standards to diagnose acute myocardial ischemia were 
included. ACS was defined as the spectrum of disease 
including unstable angina, non-ST and ST-segment ele-
vation myocardial infarction [39, 40]. Any definition of 
significant coronary artery stenosis was included. Stud-
ies that did not provide sufficient data to construct a 2 × 2 
table were excluded.

Screening, selection, and data extraction
Literature searches were uploaded into Covidence sys-
tematic review software, Veritas Health Innovation, 
Melbourne, Australia (available at www. covid ence. org) 
and underwent de-duplication. Two independent review 
authors conducted title and abstract screening (VZ and 
RMN), full text review of all potentially relevant stud-
ies identified (VZ and MCAG) and data extraction (VZ 

and MCAG). Discrepancies were resolved by discussion 
and disagreements were resolved by referral to a third 
reviewer. Multiple reports from the same study were 
merged to avoid bias [41, 42] and additional information 
from authors was sought to resolve any questions regard-
ing eligibility if needed. Data was extracted into a pre-
defined data extraction template (e-Appendix 3).

Assessment of methodological quality
Risk of bias and applicability was assessed by two inde-
pendent reviewers (VZ and MCAG) using the QUA-
DAS-2 tool [43, 44]and disagreements were resolved 
through consensus. A predefined quality assessment 
template was used.

Data synthesis and statistical analyses
Data extracted from all studies was used to construct 
the two-by-two tables and individual study estimates 
of sensitivity and specificity were presented graphically 
in paired Forest plots. Meta-analysis was conducted 
using a bivariate hierarchical random-effects model [33, 
45–47]. An overall summary point with 95% confidence 
region and 95% prediction region were estimated and 
displayed in a summary receiver operator characteristic 
(SROC) plot. Planned subgroup analyses were conducted 
to assess how diagnostic accuracy varied across different 
subgroups (ultrasound protocol, operator, device, timing 
of ultrasound, and reference standard) [48]. Exploratory 
analyses for other sources of heterogeneity were con-
ducted by visual inspection of forest plots and summary 
points and confidence regions in SROC plots. Based on 
these exploratory analyses, additional post-hoc subgroup 
analyses were conducted for patient spectrum and target 
condition. Summary estimates of sensitivity and speci-
ficity for each subgroup were calculated, SROC plots 
with summary points and 95% confidence regions were 
obtained for the different subgroups [33, 45, 46] and the 
Likelihood Ratio test was used for hypothesis testing of 
statistical significance between subgroups [49, 50].

All statistical analyses were conducted using STATA 
18.0 Basic Edition with the recently developed and vali-
dated Metadta command [49, 51] Deek’s funnel plot was 
constructed to assess for publication bias and other sam-
ple size related effects and Deek’s test was conducted 
to assess funnel plot asymmetry using midas command 
for STATA [47, 52] Sensitivity analyses were conducted 
removing studies judged to be at high risk of bias, studies 
with inappropriate reference standard and unpublished 
studies, respectively. The GRADE approach was used 
to assess the certainty of evidence and results displayed 
using GRADEpro GDT [53–55].

http://www.covidence.org
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Results
Searching in databases and registers identified 8760 
studies. After removing duplicates and title and abstract 
screening, 56 full text studies were assessed for eligibility 
and 19 studies were identified. An additional 10 eligible 
studies were identified through search engines and hand-
searching of reference lists of included studies, with a 
total of 29 studies included in the review (Fig. 1) [24–30, 
56–77].

Characteristics of included studies
Key characteristics of the included studies are summa-
rized in Table 1. Mean age of the population across stud-
ies ranged from 49 to 68 years (average: 59 years [SD 5.2]) 
and the proportion of male patients ranged from 42.3 to 
84.5% (mean 62.6% [SD 11.9]). Patient spectrum varied 
across the studies, mainly in the inclusion (13 studies) 
[24, 29, 30, 56, 61, 63, 65, 70, 72–74, 76, 77] or exclusion 
(13 studies) [25, 27, 57–60, 62, 64, 66, 67, 69, 71, 75] of 
patients with previous heart disease. See e-Table 1 (Addi-
tional File 1: e-Appendix 4) for additional information.

Cardiac ultrasound was conducted as POCUS in 
5 studies [28, 30, 59, 72, 74] and as a TTE in 20 stud-
ies (either standard [24, 26, 29, 60–62, 66, 67, 70, 71, 
73, 75, 76] or limited-TTE).[25, 27, 57, 58, 63, 64, 69] 
Cardiac ultrasound operators were from the cardiology 
department in 6 studies (cardiologists, cardiology fel-
lows or sonographers),[27, 60, 63, 66, 67, 76] emergency 
department in 6 studies (emergency physicians or resi-
dents),[28, 30, 57, 59, 72, 77] sonographers without a 
description of department or training backgrounds in 
3 studies[24, 29, 75], and not reported in 11 studies.[25, 
26, 56, 58, 62, 64, 65, 68–71] In two studies, the person 
performing the ultrasound was described as “an expe-
rienced operator” [61, 73] and in one study was per-
formed by 3rd year medical students [74]. The timing of 
cardiac ultrasound varied widely across all studies. Of 
note, nine studies reported ultrasound was conducted 
at arrival to the ED or immediately after arrival [24, 
29, 60, 69, 70, 72, 73, 75, 76], during the first 4  h[63], 
8  h [25], 12  h [62],or 24  h [71], and in most studies 
[16] the timing of ultrasound was not reported [27, 28, 

Fig. 1 PRISMA flow diagram of search results and study selection
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30, 56–59, 61, 64–68, 74, 77]. Full echocardiography 
devices were used in 69% of studies [20], hand-held or 
cart/tray based devices in four studies [28, 57, 74, 76] 
and not reported in five studies [26, 56, 59, 65, 77]. The 
characteristics of the index test for the included studies 
are summarized in Table 2.

The reference standard varied widely across studies, 
using final diagnosis or chart review [26, 29, 30, 57, 59, 
64, 71, 72, 76, 77], cardiac enzymes results [61, 70, 73], 
a combination of tests (between ECG, cardiac enzymes, 
non-invasive testing, and coronary angiography) [24, 
25, 27, 62, 63, 65–67, 74] or significant coronary artery 
stenosis [28, 58, 60, 68, 69, 75]. The definition of signifi-
cant coronary stenosis varied between ≥ 50% [58, 69] 
to ≥ 70% narrowing in epicardial coronary arteries [23, 
66]. It is important to mention that cardiac enzymes var-
ied across time, with studies conducted in the 1990’s and 
early 2000’s using CK and CKMB and studies from the 

late 2000’s onwards using troponin and high sensitivity 
troponin.

Quality assessment of included studies.
Overall, most studies were at high risk of bias due to 
patient selection and reference standard factors. High 
risk of bias was found in the patient selection domain 
(22 studies, 76%) [24–29, 56–60, 62–67, 69–72, 74, 75] 
due to convenience sampling or inappropriate exclusions 
(patients with previous heart disease, low or high risk 
of ACS and/or inadequate ultrasound windows); in the 
reference standard domain (15 studies, 52%) [24, 26, 27, 
29, 57, 61, 63, 66–68, 70–74] due to lack of blinding or 
because it was not likely to correctly classify myocardial 
ischemia [24, 26, 27, 29, 57, 61, 63, 66–68, 70–74]; and in 
the flow and timing (13 studies, 45%) [24–26, 28, 29, 57, 
66, 68–72, 74] due to partial or differential verification or 
the exclusion of patients from the analysis (i.e., patients 

Table 2 Characteristics of the included studies: index test

US Ultrasound, TTE Transthoracic Echocardiography, POCUS point-of-care ultrasound, RWMA Regional Wall Motion Abnormalities, LVEF Left ventricle ejection fraction

Study ID US Device US Exam US Operator US Time Positive Index Test

Ahn [30] Echocardiography Device POCUS EM physician; EM resident Not reported RWMA only

Allen [56] Not Reported Not Reported Not Reported Not reported Not Reported

Atar [76] Handheld—Cart/Tray TTE Cardiologist At admission RWMA and/or LVEF reduction

Bracey [28] Handheld—Cart/Tray POCUS EM physician Not reported RWMA only

Castini [27] Echocardiography Device Limited TTE Cardiologist Not reported RWMA only

Cevrim [57] Handheld—Cart/Tray Limited TTE EM physician Not reported RWMA only

Chandra [77] Not Reported Not Reported EM physician Not reported RWMA and/or LVEF reduction

Dahlslett [58] Echocardiography Device Limited TTE Not Reported Not reported RWMA only

DeLoizaga [59] Not Reported POCUS EM physician Not reported RWMA only

DiPasquale [23] Echocardiography Device TTE Cardiologist; Cardiology fellow At admission RWMA only

Hickman [61] Echocardiography Device TTE Other: Experienced Operator Not reported RWMA only

Kang [62] Echocardiography Device TTE Not Reported  < 12 h RWMA only

Kontos [63] Echocardiography Device Limited TTE Cardiology fellow; Sonographer  < 4 h RWMA and/or LVEF reduction

Korosoglou [64] Echocardiography Device Limited TTE Not Reported Not reported RWMA only

Kountana [65] Not Reported Not Reported Not Reported Not reported RWMA only

Lee [66] Echocardiography Device TTE Cardiology; sonographer Not reported RWMA only

Mahmoud [24] Echocardiography Device TTE Sonographer At admission RWMA and/or LVEF reduction

Mohler [29] Echocardiography Device TTE Sonographer At admission RWMA only

Oh [67] Echocardiography Device TTE Cardiologist Not reported RWMA only

Onishi [68] Echocardiography Device Not Reported Not Reported Not reported RWMA only

Peels [69] Echocardiography Device Limited TTE Not Reported At admission RWMA only

Sabia [70] Echocardiography Device TTE Not Reported At admission RWMA only

Santana [26] Not Reported TTE Not Reported Not reported RWMA only

Sasaki [25] Echocardiography Device Limited TTE Not Reported  < 8 h RWMA only

Shiran [71] Echocardiography Device TTE Not Reported  < 24 h RWMA only

Sobczyk [72] Echocardiography Device POCUS EM resident At admission RWMA only

Swinburn [73] Echocardiography Device TTE Other: Experienced Operator At admission RWMA only

Weston [74] Handheld—Cart/Tray POCUS Other: 3rd year medical student Not reported RWMA and/or LVEF reduction

Wilben [75] Echocardiography Device TTE Sonographer At admission RWMA only
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with inadequate echocardiographic windows) [24–26, 
28, 29, 57, 66, 68, 70, 71, 74]. The index test domain was 
judged to be at low risk of bias in most studies (28 stud-
ies, 97%).

Nineteen studies (65%) [25–27, 30, 56–60, 62, 64–67, 
69–72, 75], were judged to have high concerns of applica-
bility for patient selection due to the inappropriate exclu-
sion of patients (either previous heart disease or low/
high probability of coronary disease) limiting the appli-
cability of the findings to patients commonly presenting 
to the ED with chest pain. Thirteen studies (45%) were 
judged to have high concerns of applicability in the ref-
erence standard domain [24, 25, 27–29, 57, 61–63, 67, 
70, 73, 74] due to the use of CK, CK-MB and LDH as 
cardiac biomarkers, which are not currently used in the 
diagnostic pathway of myocardial ischemia and in some 
studies, the definition of myocardial ischemia as target 
condition does not match the current definition [24, 25, 
27–29, 57, 61–63, 67, 70, 73, 74]. Index test was found to 
have uncertain (16 studies) [24–27, 56, 59, 61, 62, 64, 65, 
67–71, 73, 77] or low concerns (11 studies), [23, 28, 30, 
57, 58, 63, 66, 72, 75, 76] and two studies with high con-
cerns for applicability.[29, 74] (Fig. 2 and e-Appendix 5 in 
Additional File 1).

Summary of findings
There was substantial heterogeneity across the 29 studies, 
with sensitivities ranging from 21%[26] to 100%[77] and 
specificities from 33%[28] to 100%[29] (Fig. 3).

Results are displayed in chronological order to assess 
possible trends with technological developments or diag-
nostic criteria over time, however, no clear trend was 
identified across time according to the year of publication 
[78].

The median proportion of patients with the target 
condition across studies was 26.9% (IQR 15.2—53.2%). 
The summary estimate of sensitivity and specificity was 
79.3% (95%CI 69.0 to 86.8%) and 87.3% (95%CI 79.9 to 
92.2%), respectively, with a wide 95% predictive region 
in the SROC plot (Fig.  4). Based on GRADE, the over-
all assessment of certainty was very low based on very 
serious risk of bias, and indirectness and serious impre-
cision (Table  3). More detailed explanations on each 
domain grading are provided in e-Table 2 (Additional File 
1e-Appendix 6). [53–55].

Investigation of heterogeneity and subgroup analyses
Subgroup analyses were conducted to identify sources 
of heterogeneity and to assess the effect of specific 
study characteristics on the diagnostic accuracy of car-
diac ultrasound in patients admitted with chest pain 
to the ED. Table  4 describes subgroup analyses for 
key study characteristics. Forest plots and a detailed 

description of all subgroup analyses are included in 
e-Appendix 7 (Additional File 1).

Studies that excluded patients with previous heart 
disease showed a significantly higher specificity (91.0%, 
[95%CI 84.1 to 95.1%]) compared to studies that 
included patients with or without heart disease (78.0% 
[95%CI 66.1 to 86.6%], P = 0.029). Sensitivity was simi-
lar across both groups, with substantial heterogeneity 
between studies, as displayed by the wide prediction 
region (Fig. 5A).

There was no significant difference in sensitivity 
and specificity according to the ultrasound operator, 
the type of ultrasound device or the ultrasound scan-
ning protocol used, as depicted in Fig.  5B, D and E 
respectively.

There was a significantly higher sensitivity in studies 
where ultrasound was conducted at admission or imme-
diately after admission (89.5% [95%CI 78.9 to 95.1]), 
compared to studies where the timing of ultrasound 
was conducted at any time during the first 24  h (62.8% 
[95%CI 34.6 to 84.3, p = 0.038]) with similar specificity 
across both groups (P = 0.945) with substantial heteroge-
neity between studies in both groups represented in the 
wide 95% prediction region (Fig. 5C).

There was a significant difference in specificity across 
studies according to the reference standard used. Stud-
ies that used final chart review showed a high specific-
ity (93.0% [95% CI 86.7 to 96.4%]), in contrast to studies 
that used cardiac enzymes only (50.7% [95% CI 23.8 to 
77.3%]). Studies where the reference standard was coro-
nary angiography, or a combination of tests had a speci-
ficity of 88.7% (95% CI 76.2 to 95%) and 85.2% (95% CI 
70.6 to 93.2) respectively (Fig. 5F). Sensitivity was not sig-
nificantly different across these groups.

The target condition also had a significant effect on 
sensitivity (P = 0.035) and specificity (P = 0.002) across 
groups (Fig.  5G). Pooled sensitivity was higher (90.7% 
[95%CI 78.3 to 96.3%]) in studies that used myocardial 
infarction as the target condition and lower in stud-
ies that used ACS (68.0%; 95%CI 53.3 to 79.8%). Pooled 
specificity was higher (93.2% [95%CI 88.2 to 96.2%]) 
for studies with ACS as the target condition and lower 
(67.4%; [95%CI 49.4 to 81.4%]) for myocardial infarction 
without an overlap between the 95% confidence regions.

Sensitivity analyses were conducted by removing stud-
ies with high risk of bias, studies with inappropriate refer-
ence standard and unpublished studies and did not show 
substantial changes in the effects estimates. A detailed 
description of these analyses is included in e-Appendix 8 
(Additional File 1). Deek’s funnel plot for publication bias 
showed an acceptable symmetry with a P value of 0.91, 
suggesting no publication or small sample size study 
effect (Additional File 1: e-Fig. 15, e-Appendix 9).
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Fig. 2 Risk of bias and applicability concerns graph (A) and summary table (B): Review author’s judgements about each domain are presented 
as percentages across included studies and for each included study
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Discussion
This systematic review assessed the available evidence 
on cardiac ultrasound for the diagnosis of acute myo-
cardial ischemia in patients with chest pain in the ED. 

Twentynine relevant studies were included in this review, 
with 5043 patients. The overall summary estimate for 
sensitivity and specificity was 79.3% (95%CI 69.0 to 
86.8%) and 87.3% (95%CI 79.9 to 92.2%), respectively, but 
must be interpreted with caution given the substantial 
heterogeneity between studies.

Potential differences in patient spectrum, timing of 
ultrasound, reference standard and definition of the tar-
get condition suggested a significant effect on the per-
formance of ultrasound. Studies that excluded patients 
with previous heart disease had a higher pooled speci-
ficity compared to studies that included patients with or 
without heart disease, with similar sensitivity, probably 
reflecting that excluding patients with previous RWMAs 
or reduced left ventricular ejection fraction may allow an 
easier identification of new RWMAs and decrease the 
number of false positives. Studies where cardiac ultra-
sound was conducted at admission or immediately after 
admission showed higher pooled sensitivity, compared to 
studies where the timing of ultrasound was conducted at 
any time during the first 24 h, most likely reflecting the 
transient nature of the myocardial RWMA during myo-
cardial ischemia [21, 22].

The reference standard used significantly affected 
specificity of cardiac ultrasound, with a very low pooled 
specificity if only cardiac enzymes were used, com-
pared to final chart review, coronary angiography or a 

Fig. 3 Paired Forest plot of sensitivity and specificity of all included studies. TP = true positive, TN = true negative, FP = false positive, FN = false 
negative

Fig. 4 SROC plot of sensitivity and specificity of all included studies. 
Each study is represented by a circle, with the size of the circle 
indicating the size of the sample
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combination of tests, probably because cardiac enzymes 
may also be elevated in myocardial injury of different eti-
ologies not related to ischemia [79, 80]. Finally, the target 
condition also had a significant effect on sensitivity and 
specificity of cardiac ultrasound, showing a low pooled 
sensitivity in studies that assessed ACS (including unsta-
ble angina and myocardial infarction), likely reflecting 
the transient nature of RWMA in unstable angina. Stud-
ies that assessed myocardial infarction compared to the 
other target conditions had a low pooled specificity, since 
transient ischemic changes seen by ultrasound do not 
necessarily result in myocardial necrosis and infarction. 
The diagnostic accuracy of cardiac ultrasound was not 
significantly affected by the ultrasound operator, device 
or protocol used.

The diagnosis of acute myocardial ischemia in the ED 
is currently based on multiple criteria, with patients ini-
tially assessed according to history and physical examina-
tion, ECG findings, and high-sensitive troponins [5, 81]. 
Individually, these tests have limited diagnostic value. 
Clinical features and physical findings have sensitivi-
ties that range from 6.8% to 85.1% and specificities from 

34.1% to 94.8% [82, 83]. The ECG has a very low sensi-
tivity (29–45%) and a specificity from 67 to 94% [84, 85], 
and even ST-segment elevations have a false positive 
rate of 9% for coronary disease leading to unnecessary 
invasive procedures.[86] High-sensitivity troponin at 
admission has a sensitivity of 90% (95%CI 85–94%) and 
specificity of 78% (95%CI 72–83%), and multiple sam-
pling protocols report a sensitivity and specificity of 99% 
(95%CI 98 to 100%) and 68% (95%CI 67 to 70%). A great 
limitation of high-sensitivity troponin is that it might be 
elevated in other disease states different than myocardial 
ischemia, like heart failure or chronic kidney disease and 
should not be used solely as a rule-in test [87]. Addition-
ally, troponin laboratory turnaround time takes more 
than 90 min in most institutions in the United States [88] 
and frequently there is a need for a repeated sample at 1, 
2 or 3 h, to avoid false negative results if blood samples 
are drawn too soon after the initiation of chest pain [87, 
89]. Cardiac ultrasound can detect early regional myocar-
dial wall motion abnormalities induced by ischemia [21, 
22], and has been shown to be more accurate than his-
tory and physical exam for the detection of many cardiac 

Table 3 Summary of findings

In a virtual population of 1000 patients with chest pain in the ED, assuming a prevalence of 27%, 270 patients will have acute myocardial ischemia. Of these, cardiac 
ultrasound will detect 214 patients with myocardial ischemia, but 56 patients will be missed (false negatives). For the 730 patients without the target condition, 93 
patients will wronly diagnosed with myocardial ischemia (false positives)

ED Emergency department; TTE trasnthoracic echocardiography; ACS acute coronary syndrome; EKG electrocardiogram; IQR Interquartile range, HD Heart Disease
a  GRADE approach was used for the assessment of certainty of evidence: Risk of bias was rated very serious, because 90% of studies had a high risk of bias in one 
or more QUADAS-2 domains, indirectness was rated very serious because 90% of studies had high concerns of applicability in one or more QUADAS-2 domains, 
inconsistency was rated not serious becasue substantial heterogeneity was explained by patient spectrum, timing of ultrasound reference standard and target 
condition, imprecision was rated serious for sensitiviy and not serious for specificity. No publication bias was detected

Review question: What is the diagnostic accuracy of cardiac ultrasound for the diagnosis of myocardial ischemia in patients with chest pain 
in the ED?

Population: Adults patients with chest pain. Some studies excluded patients with previous HD or low/high risk of coronary disease

Setting: Emergency Department

Study design: Prospective cohort studies, cross‑sectional

Index test: Cardiac ultrasound (TTE, Limited TTE, POCUS)

Target Condition: Any Myocardial Ischemia (Myocardial infarction, ACS, Critical coronary Stenosis)

Reference Standards: Any reference standard (Final chart review, combination of tests, coronary angiogram or cardiac enzymes)

Limitations in the evidence

High risk of bias and applicability concerns, mainly driven by patient selection (exclusion of patients with HD, low or high risk of myocardial ischemia 
and patients with difficult ultrasound window) and by reference standard (lack of blinding and reference standard not correctly classifying the disease)

• Patient selection: High or unclear risk of bias in 26 (90%) studies; high or unclear concern of applicability in 21 (72%) studies

• Index test: Low risk of bias in 28 (97%) of studies, one with unclear risk of bias; high or unclear concern of applicability in 19 (66%) studies

• Reference Standard: High or unclear risk of bias in 27 (93%) studies; high or unclear concern of applicability in 25 (86%) studies

• Flow and timing: High or unclear risk of bias in 21 (72%) studies

Overall assessment: Most studies were at risk of bias (90%) and had concerns regarding applicability (90%)

Findings

Numer of studies 
(Participants)

Median proportion with 
target condition % (IQR)

Summary sensitivity % 
(95% confidence interval)

Summary specificity % 
(95% confidence interval)

GRADE Certainty of 
 Evidencea

29
5043

26.9
(15.2–53.2)

79.3
(69.0–86.8)

87.3
(79.9–92.2)

⨁◯◯◯
Very low
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conditions [18–20]. Early echocardiographic detection of 
myocardial ischemia may also help decrease physician’s 
diagnostic uncertainty [32, 90–92], improve patient’s out-
comes by improving time to treatment [90], or shorten-
ing length of stay, and it could help reduce downstream 
testing and overall costs [18, 92, 93] by narrowing the 
differential diagnosis in patients with chest pain. Never-
theless, its role in the diagnostic pathway for myocardial 
ischemia in the ED is currently limited to a downstream 
test for uncertain cases. Thus, the first step to include 
cardiac ultrasound in this diagnostic pathway is to assess 
its accuracy and to understand the different clinical or 
technical factors that may affect its performance. This 
systematic review summarizes all available evidence, 
providing an overall diagnostic accuracy for cardiac 
ultrasound in patients with chest pain in the ED, which, 
in lieu of the individual diagnostic accuracy of currently 
used tests, may provide additional valuable information 

to the clinician to make a prompt and accurate diagnosis. 
Most importantly, this review provides an insight into the 
probable causes for the substantial heterogeneity, show-
ing that the diagnostic performance of cardiac ultrasound 
may be significantly affected by different clinical and 
technical characteristics that will likely be encountered 
in the ED, where some patients admitted with chest pain 
will have previous heart disease, or some patients will 
be able to receive the cardiac ultrasound at admission, 
or later depending on training, equipment, and person-
nel availability. Therefore, an overall diagnostic accuracy 
must be interpreted carefully, and each specific factor 
must be considered for the clinician to assess the diag-
nostic value of the cardiac ultrasound in the individual 
patient. Most likely, a cardiac ultrasound performed at 
ED admission or in patients with on-going pain without 
previous heart disease would be the most clinically useful 
based on its diagnostic performance, with the additional 

Table 4 Diagnostic Accuracy of cardiac ultrasound—Subgroup Analyses

TTE Transthoracic Echocardiography, POCUS point-of-care ultrasonography, HD Heart Disease

Number 
of studies 
(Participants)

Number of patients with 
Myocardial Ischemia (%)

Summary sensitivity 
% (95% confidence 
interval)

P value Summary specificity 
% (95% confidence 
interval)

P value

Patient spectrum

 Excludes HD 13 (1880) 820 (43.6) 74.1 (58.0 to 85.5) 0.168 91.0 (84.1 to 95.1) 0.029

 Includes HD 13 (2985) 1432 (48.0) 85.8 (73.5 to 93.0) 78.0 (66.1 to 86.6)

Ultrasound Operator

 Cardiology 6 (727) 276 (38.0) 90.2 (73.7 to 96.8) 0.720 88.1 (71.8 to 95.5) 0.983

 Emergency medicine 6 (1790) 1136 (63.5) 83.1 (60.2 to 94.1) 89.2 (73.4 to 96.1)

 Sonographer 3 (735) 500 (68.0) 83.7 (55.8 to 95.4) 87.6 (59.5 to 97.1)

Timing of Ultrasound

 At admission 9 (2700) 1797 (66.6) 89.5 (78.9 to 95.1) 0.038 81.5 (66.2 to 90.8) 0.389

 First 24 h 4 (1025) 229 (22.3) 62.8 (34.6 to 84.3) 89.5 (71.4 to 96.7)

Type of Ultrasound Device

 Echocardiography 
device

20 (4413) 2248 (50.9) 81.1 (70.7 to 88.5) 0.809 87.1 (77.8 to 92.9) 0.945

 Cart/Tray‑based 
or Handheld

4 (242) 39 (16.1) 84.0 (53.2 to 96.0) 86.5 (58.1 to 96.7)

Type of Cardiac Ultrasound Protocol

 TTE 23 (3193) 1186 (37.1) 79.1 (67.5 to 87.3) 0.827 88.3 (79.9 to 93.4) 0.681

 POCUS 5 (1824) 1140 (62.5) 76.4 (47.9 to 91.9) 84.7 (59.5 to 95.4)

Reference Standard

 Cardiac enzymes only 3 (340) 54 (15.9) 93.8 (73.9 to 98.8) 0.082 50.7 (23.8 to 77.3) 0.014

 Chart review 11 (2968) 1451 (48.9) 65.8 (47.9 to 80.1) 93.0 (86.7 to 96.4)

 Combination of tests 7 (609) 186 (30.5) 74.2 (52.3 to 88.3) 85.2 (70.6 to 93.2)

 Coronary angiography 7 ( 948) 632 (66.7) 87.0 (73.2 to 94.3) 88.7 (76.2 to 95)

Target Condition

 Myocardial infarction 8 (2138) 1159 (54.2) 90.7 (78.3 to 96.3) 0.035 67.4 (49.4 to 81.4) 0.002

 Acute coronary syn‑
drome

16 (2433) 897 (36.9) 68.0 (53.3 to 79.8) 93.2 (88.2 to 96.2)

Significant coronary 
stenosis

5 (472) 274 (58.1) 85.0 (65.4 to 94.4) 82.7 (81.5 to 91.2)
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potential of identifying and/or ruling out other possible 
causes of chest pain.

Strengths and limitations
This review has several strengths and limitations. The 
large comprehensive search strategy is likely to have 
captured all relevant studies; a substantial number of 
studies and patients were included leading to greater pre-
cision in summary estimates, and a thorough evaluation 
of heterogeneity was based on clinical and physiological 
factors that are clinically relevant. Nevertheless, patient 
spectrum and target condition differences were found 
on post-hoc exploratory analysis. Some subgroups had 
a high degree of uncertainty in the estimates (i.e., timing 
of ultrasound during the first 24  h or cardiac enzymes 
reference standard) limiting the interpretation since the 
statistical power of the comparison also depends on the 
precision of the accuracy estimates. Individual patient 
data was not used for comparisons and uncontrolled bias 
from study-level comparisons and other confounders 
may have influenced the results. Significant differences 
found in these subgroup analyses are only exploratory 
in nature and may not reflect the true causal difference. 
Important temporal differences in the reference standard 
with the evolution of myocardial injury markers through-
out the years may have influence the results, which was 
acknowledged in the quality assessment of the stud-
ies. However, there was no substantial temporal trend 
observed in the Forest Plot. Also, there was significant 

underreporting of important study characteristics and 
missing information that did not allow for a more robust 
assessment of its effect. There were only minor devia-
tions from the protocol (Additional File 1: e-Table  7, 
e-Appendix 10).

Important consequences may arise from applying a 
cardiac ultrasound in the diagnostic pathway of patients 
with chest pain in the ED and significant uncertainty in 
the evidence from this review limits recommendations 
for clinical practice. Considering that ultrasound is a 
bedside, accessible and low-cost diagnostic test and that 
ultrasound training is becoming part of routine medical 
education in many countries, there is need for a well-
designed diagnostic randomized trial that clarifies the 
potential role of cardiac ultrasound in the diagnostic 
pathway of patients with chest pain, ideally powered to 
assess differences according to patient’s previous heart 
disease, considering the complete spectrum of myo-
cardial ischemia (unstable angina as well as myocardial 
infarction), and providing evidence of its effect on rel-
evant patient clinical outcomes, resource-use outcomes 
and costs [94].

Conclusion
Cardiac ultrasound may have a potential role in the diag-
nostic pathway of myocardial ischemia in the emergency 
department; however, the overall pooled accuracy must 
be interpreted cautiously given substantial heterogeneity 
and that important patient and test characteristics affect 

Fig. 5 SROC plot of sensitivity and specificity in subgroup analyses, according to A = Patient Spectrum, B = Ultrasound Operator, C = Timing 
of Ultrasound, D = Ultrasound Device, E = Type of Ultrasound Protocol, F = Reference Standard, G = Target Condition. Diamond: summary estimate, 
dashed line: 95% confidence region, dotted line: 95% prediction region
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its diagnostic performance in this clinical context. Fur-
ther well-designed research that clarifies its role in the 
diagnostic pathway and its clinical utility as an adjunct 
to clinical evaluation, ECG, and troponins for patients 
with chest pain in the emergency department needs to be 
conducted.
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