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Assessing left ventricular systolic function by emergency 
physician using point of care echocardiography compared to 
expert: systematic review and meta-analysis
Bilal Albaroudia, Mahmoud Haddada, Omar Albaroudia,  
Manar E. Abdel-Rahmanb, Robert Jarmanc,d and Tim Harrisa,e    

Assessing left ventricular systolic function (LVSF) 
by echocardiography assists in the diagnosis and 
management of a diverse range of patients presenting 
to the emergency department (ED). We evaluated the 
agreement between ED-based clinician sonographers 
and apriori-defined expert sonographers. We conducted a 
systematic review and meta-analysis based on Preferred 
Reporting Items for Systematic reviews and Meta-Analysis 
guidelines. We searched Medline, Excerpta Medica 
dataBASE, Cochrane, ClinicalTrials.gov, Turning Research 
Into Practice and Google Scholar for eligible studies from 
inception to February 2021. Risk of bias was evaluated 
using Quality Assessment Tool for Diagnostic Accuracy 
Studies-2 tool. The level of agreement between clinician 
and expert sonographers was measured using kappa, 
sensitivity, specificity, positive and negative likelihood 
ratio statistics using random-effects models. Twelve 
studies were included (1131 patients, 1229 scans and 159 
clinician sonographers). Significant heterogeneity was 
identified in patient selection, methods of assessment 
of LVSF, reference standards and statistical methods for 
assessing agreement. The overall quality of studies was 
low, with most being small, single centre convenience 
samples. A meta-analysis including seven studies (786 
scans) where visual estimation method was used by 
clinician sonographers demonstrated simple Kappa 
of 0.68 [95% confidence interval (CI), 0.57–0.79], and 

sensitivity, specificity, positive and negative likelihood 
ratio of 89% (95% CI, 80–94%), 85% (95% CI, 80–89%), 
5.98 (95% CI, 4.13–8.68) and 0.13 (95% CI, 0.06–0.24), 
respectively, between clinician sonographer and expert 
sonographer for normal/abnormal LVSF. The weighted 
kappa for five studies (429 scans) was 0.70 (95% CI, 
0.61–0.80) for normal/reduced/severely reduced LVSF. 
There is substantial agreement between ED-based 
clinician sonographers and expert sonographers for 
assessing LVSF using visual estimation and ranking it as 
normal/reduced, or normal/reduced/severely reduced, in 
patients presenting to ED. European Journal of Emergency 
Medicine XXX: 000–000 Copyright © 2020 The Author(s). 
Published by Wolters Kluwer Health, Inc.
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Introduction
Point-of-care (POC) echocardiography is widely used in the 
evaluation and resuscitation of patients in the emergency 
department (ED) [1,2]. Acute breathlessness, cardiac arrest 
and shock are common presentations to the ED where POC 
echocardiography performed by clinicians provides rapid and 
focused findings to assist in the initial assessment. Data sug-
gest that emergency physicians’ clinical assessment fails to 

accurately estimate the patient’s cardiac function and hemo-
dynamic status [3], potentially leading to incorrect diagnosis 
and treatment with associated increases in length of stay and 
mortality [4,5]. A recent randomised control trial showed that 
using point-of-care ultrasound (POCUS) did not improve 
outcomes for patients presenting the ED with undifferen-
tiated shock [6]. However, this trial excluded patients with 
conditions that had evidence of rapid diagnosis with POCUS, 
the interventions in both groups were similar and the trial 
evaluated a diagnostic test as therapy. Studies, including one 
systematic view and meta-analysis, have shown that rapid 
assessment with POC echocardiography early in the patient’s 
ED journey reduces time to diagnosis, improves diagnostic 
accuracy and changes treatment potentially improving out-
comes in critical illness, shock and acute heart failure [7–16]. 
Consequently, there is an increasing interest in emergency 
physicians performing POC echocardiography with more 
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detailed studies performed urgently on selected patients or 
following admission by an expert.

Assessment of left ventricular systolic function (LVSF) is 
one of the most common indications for echocardiography 
[17]. In 2013, the American Society of Echocardiography 
published a recommendation to consider POC echo-
cardiography as a bedside adjunct to physical examina-
tion to assist in diagnosis and guide treatment [18]. The 
American Society of Echocardiography and American 
College of Emergency Physicians 2010 consensus state-
ment for use of POC echocardiography in the ED stated 
that POC echocardiography had a role in the assessment 
and diagnosis of pericardial effusion, right ventricle dil-
atation, intravascular volume status and left ventricular 
performance [1]. The latter was suggested as visually 
assessed and categorised as normal (ejection fraction 
>50%), reduced (ejection fraction 30–50%), or severely 
reduced (ejection fraction <30%). In 2014, the American 
College of Emergency Medicine published a revised pol-
icy statement [19] stating that the assessment of LVSF 
is one of three primary indications for POC echocardi-
ography. In 2014, the International Evidence-Based 
Recommendations for Focused Cardiac Ultrasound 
stated that POC echocardiography can accurately assess 
left ventricle global function, narrow differential diagno-
sis and improve outcome in the setting of shock and is 
superior to physical examination alone [20].

The ability of emergency physicians to evaluate LVSF 
has been previously assessed in observational studies and 
one narrative review [21]. The authors were unable to 
identify any previous systematic review and meta-anal-
ysis. The aim of this review was to assess the level of 
agreement between emergency department-based clini-
cian sonographers as compared to expert sonographers 
for the assessment of LVSF using POC echocardiogra-
phy. The PICO question is depicted in Table 1.

Methods
This systematic review was designed in accordance with 
the Preferred Reporting Items for Systematic reviews 
and Meta-Analysis statement and was registered on the 
International Prospective Register of Systematic Reviews 
(CRD42020179209). All authors reviewed the article and 
T.H. acts as a guarantor.

Data sources and search strategy
The medical literature was searched using PubMed 
(MEDLINE), OvidSP (Excerpta Medica dataBASE), 
Cochrane library and ClinicalTrials.gov. The grey liter-
ature was searched using Google Scholar and Turning 
Research Into Practice database. A combination of 
Medical Subject Headings terms and search terms was 
used and are listed in Appendix 1 in Supplemental 
Digital Content 1, http://links.lww.com/EJEM/A318. In 
addition to the database search, the bibliographies of the 
selected articles were reviewed for further references. 

Supplementary searching was performed using snow-
balling and hand searching of key medical journals. The 
publication period was defined by the database searched. 
The literature search was performed independently by a 
medical librarian, B.A. and M.H. in April 2020. A repeat 
search was performed in February 2021.

Study selection
The search was restricted to studies on humans and pub-
lished in English. Studies that recruited adult patients 
where POC echocardiography was performed in the ED 
were included, regardless of physiological parameters, 
diagnoses or presenting complaints. Clinician sonogra-
pher was defined by the study authors as a trainee or spe-
cialist in emergency medicine with level 1 (core) or level 
2 (advanced training or local training). A priori studies that 
focused on patients outside the ED were excluded (i.e. 
prehospital, ICU or ward) as well as studies using sonog-
raphers other than emergency physicians (e.g. intensivist 
or medical student). We defined expert sonographers as 
sonographers who had completed a training program, car-
diologists who had completed training or ultrasound fel-
lowship-trained clinicians who had completed a fellowship 
in echocardiography. We did not assess the experience of 
expert sonographers as this varies between countries and 
was not described in detail in any article under review.

We included studies that assessed LVSF using transtho-
racic echocardiography by visual estimation, E-point 
septal separation (EPSS), or an assessment of stroke vol-
ume/cardiac output using velocity time integral (VTI). 
We excluded studies where the clinician sonographer 

Table 1 Review question details

Review question (PICO)

Population Adult patients (18 years or over) in the emergency department 
(ED), no limits on presenting complaint or physiology

Intervention POC echocardiography performed in ED by clinician sonographer 
working in the ED as emergency physician who had limited 
ultrasound training defined as:

 Level 1 (core training) or level 2 (advanced training).
 Clinicians who had completed a defined local training program 

instituted for study.
 AND who do not meet the criteria below for expert sonogra-

phers.
Comparison Echocardiogram performed or reported by expert sonographer 

defined as:
 Graduated sonographer.
 Graduated board-certified cardiologist.
 Clinician with completed fellowships in echocardiography (the 

training standards are defined by country of training and not 
standardised worldwide, so we did not define experts by hours 
in training or number of scans performed).

Outcome Level of agreement between the clinician sonographer and the 
expert sonographer for the assessment of left ventricular systolic 
function (LVSF) where clinician sonographer uses one of the 
following three methods:

 Visual Estimation.
 E-Point Septal Separation (EPSS).
 Velocity Time Integral (VTI).
The method for expert sonographers to assess LVSF was not 

defined a priori.

http://links.lww.com/EJEM/A318
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used fractional shortening to assess left ventricle ejec-
tion fraction (LVEF), reflecting its inherent inaccura-
cies. We imposed no restrictions on the method used by 
expert sonographers or machine used by either clinician 
or expert sonographer. We included studies performed 
using hand-held and free-standing ultrasound machines 
and any transducer type but excluded studies using tran-
soesophageal echo. We included studies that used the 
review of recorded videoclips or stored images by expert 
sonographers as the reference standard and those where 
the expert sonographer’s echocardiogram was performed 
using either the same or a different machine to the clini-
cian sonographer. Where there was a lack of clarity in the 
article, we wrote to the corresponding authors.

Three reviewers (T.H., B.A. and M.H.) worked inde-
pendently in two groups to review all eligible titles and 
abstracts using inclusion criteria defined a priori. We 
included studies regardless of their designs. Randomised 
trials and observational studies (prospective and ret-
rospective cohort studies) were included. Conference 
abstracts with sufficient methodological description 
for quality assessment and data for analysis were also 
included. Case studies, case reports, guidelines, editori-
als, letters and review articles were excluded. The full 
text was then read, and consensus was achieved for inclu-
sion. When consensus agreement could not be reached 
between the authors, an independent third-party adju-
dicated (B.J.).

Data extraction and quality assessment
Two reviewers (B.A. and M.H.) independently extracted 
data using a standardised form (Table  2). The revised 
Quality Assessment Tool for Diagnostic Accuracy 
Studies-2 (QUADAS-2) was used to evaluate the over-
all quality of the included studies [22–33]. The tool was 
applied by the two reviewers independently, and disa-
greements were resolved by a third reviewer (T.H.). The 
QUADAS-2 tool allows modification of the signalling 
questions to customise to the topic under review. Our 
signalling questions are described in Appendix 2 with 
details for the process of rating as low, high or unclear risk 
of bias in Supplemental Digital Content 1, http://links.
lww.com/EJEM/A318.

Meta-analysis
To determine the level of agreement between the cli-
nician sonographer and expert sonographer for LVSF 
assessment a meta-analysis was performed using four 
effect measures of interest. Cohen/Conger’s Kappa sta-
tistics (simple and weighted) [34–36], sensitivity, spec-
ificity, positive and negative likelihood ratio with 95% 
confidence interval (CI) were independently pooled. 
Forest plots were used to summarise and compare the 
included studies. Heterogeneity was quantified using 
Higgin’s I2 statistics; any value of I2 >50% was indicative 
of significant heterogeneity. To account for heterogeneity 

random effect models were used to pool the study effect 
sizes. The presence of publication bias was assessed 
using Deeks’ funnel plot [37]. The meta-analysis was 
conducted on each method of assessment of LVSF when 
there was enough data provided (visual estimation, EPSS, 
VTI). Information obtained from the quality assessment 
tool was used for bias assessment and subgroup analy-
sis. Analysis of subgroups was performed to explore the 
potential sources of heterogeneity in the agreement. The 
following subgroups were evaluated: level of experience 
of clinician sonographer, training on POC echocardiogra-
phy for clinician sonographer prior study enrolment and 
year of publication (before and after 2010). Analyses were 
conducted using kappaetci, meta and Midas packages in 
Stata software (StataCorp, 2019, Stata Statistical Software: 
Release 16, StataCorp LLC, College Station, Texas, USA).

Result:
A total of 1673 studies were identified and screened, and 
25 full articles were eligible for review (Fig. 1). Thirteen 
studies that did not meet the inclusion criteria were 
excluded. Consequently, 12 studies [22–33] published 
between 2002 and 2020 (1229 scans on 1131 patients) 
were included in this systematic review. Eleven studies 
enrolled 159 clinician sonographers (88 emergency med-
icine residents/fellows, 70 emergency medicine attend-
ings and one study enrolled one physician assistant [23]). 
One study did not specify the number of clinician sonog-
raphers [25]. An attempt was made to contact all authors 
to clarify aspects of the included studies; four replies 
were received [22,24,27,31].

Characteristics of the included studies
Overall, 12 studies were included in this review (Table 2). 
Eleven studies [22–30,32,33] were prospective observa-
tional cohort design, and one study [31] was a retrospec-
tive chart review. All studies were single centre, included 
only patients presenting to hospitals via the ED, and 
used floor-based ultrasound machines with a phased 
array transducer. In all studies, POC echocardiography 
was performed solely in the ED except one study which 
included POC echocardiography performed in ED, ICU 
and wards [28]. The inclusion criteria for patients varied 
considerably, two studies included only patients with 
hypotension [22,25], two recruited patients with dysp-
noea [24,29], five studies recruited patients who required 
inpatient echocardiography for any reason [23,26–28,31], 
one study included any patient with suspected cardiac 
disease [30], one study included patient with acute cir-
culatory failure [33] and one study included patients who 
required volume status or LVSF assessment due to hypo-
tension or suspected heart failure [32].

Visual estimation of left ventricular systolic function
Visual estimation of volume changes between diastole 
and systole using ranked categories was the most com-
monly used method by clinician sonographers to assess 
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LVSF (nine studies) [22,23,25,27–29,31–33]. Cardiac 
function was categorised as normal (ejection fraction ≥ 
50%), reduced (ejection fraction 30–49%) or severely 
reduced (ejection fraction <30%) function in four stud-
ies [22,27,31,33], or as normal (ejection fraction >55%), 
reduced (ejection fraction 30–55%) or severely reduced 
(ejection fraction <30%) function in three studies 
[23,28,32]. One study did not use numerical cutoff values 
[25]. Two studies also included the category hyperdynamic 
function in addition to the three previously mentioned 
categories [25,33]. LVSF was ranked simply as normal or 
abnormal in two studies with cutoff ejection fraction value 
of 50% [31], or 55% [29]. Both the clinician sonographer 
and expert sonographer used visual estimation in three 
studies [22,27,33], in two studies clinician sonographers 
used visual estimation and the expert sonographer meas-
ured LVSF using Simpson’s Biplanar Technique (SBT) 
[29,31]. Three studies did not describe the expert sonog-
rapher method of LVSF estimation [23,25,32].

There was heterogeneity in the methods used to assess 
agreement between clinician sonographer and expert sonog-
rapher for visual estimation of LVSF (Table 2). Eight stud-
ies [22,23,25,27,28,31–33] reported a simple or weighted 
Cohan’s Kappa (0.46–0.79), one reported Pearson’s correla-
tion [29] (for the two recruited emergency physicians values 
were 0.77 and 0.78). Five studies [22,23,27,28,31] reported 
raw/overall agreement, two reported agreement using 
Bland–Altman [22,27] and four calculated specificity and 
sensitivity for LVSF as normal or abnormal [28–31]. Overall, 
there was a high agreement in identifying LVSF as normal 
and with severe dysfunction. However, the agreement was 
moderate in identifying moderate dysfunction.

E-point septal separation
The second most frequently used method to assess 
LVSF was EPSS (three studies including 355 patients) 
[24,28,30]. No studies compared EPSS by both clinician 
sonographer and expert sonographer. Two studies com-
pared EPSS by clinician sonographer with visual estima-
tion by expert sonographer [24,30], one reported a Kappa 
(κ = 0.85) and the other reported a Spearman’s correlation 
(−0.84). One study [28] compared the EPSS by clini-
cian sonographer to ejection fraction assessed using the 
Teichholz method by an expert sonographer, reporting 
with Pearson’s correlation of 0.73.

Velocity time integral:
Cardiac index calculation using VTI and Left Ventricular 
Outflow Tract (LVOT) diameter was assessed in only 
one study [26], which reported the moderate agreement 
(κ = 0.40).

Image acquisition
There were some variations in the methods used to 
obtain images. In five studies [23,26,29–31], the clinician 
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sonographer performed POC echocardiography prior to 
the expert sonographer while in two the expert sonog-
rapher scanned first [27,28]. In one study, the POC 
echocardiography was performed based on investigator 
availability [33]. In five studies [22,24–26,32], the expert 
sonographer reviewed video images taken by the clini-
cian sonographer; in three studies [23,28,31], the cardi-
ologist reviewed videos recorded by a sonographer and 
in three studies [27,29,30] expert sonographers (cardi-
ologists) performed their own echocardiograms. Expert 
sonographer used the same ultrasound machines as cli-
nician sonographer in four studies [26,27,29,33] and 
different machines in four [23,28,30,31]. The expert 
sonographer were emergency physicians in two studies 
[24,25], cardiologists/sonographers in 10 [22–24,26–32] 
(one study combined emergency physician and cardiol-
ogists as expert sonographer [24]) and intensivists expert 
in echocardiography in one [33]. In 11 studies [22,23,25–
33], the second sonographer was blind to the findings 
of the first, while in one study, the expert sonographers 
were not blind to EPSS measures by clinician sonogra-
phers [24]. In four studies, there was a time difference 
of greater than 1 h between clinician sonographer and 
expert sonographer scans [23,28,29,31].

Quality assessment of studies
The QUADAS-2 quality assessment is depicted in 
Table 3. Studies were rated as low ( ), high ( ) or uncer-
tain (?) risk of bias. All studies scored at least one high-
risk domain and seven studies scored two or more. Thus, 
the quality of the included studies was low, and all stud-
ies were assessed as high risk of bias. All studies excluded 
a proportion of their acquired POC echocardiography 
data, most commonly as a consequence of poor image 
quality and were consequently considered high risk (total 
enrolled sample 1309 patients and analysis sample 1131 
patients). Eleven were rated as high risk of bias in patient 
selection due to convenience sampling or due to exclu-
sion criteria, or both (body habitus or technical difficul-
ties obtaining images) [22–30,32,33]. The protocol for the 
POC echocardiography performed by clinician sonogra-
phers varied widely between the studies with differing 
windows, machines, and transducer frequencies. Seven 
studies included low numbers of clinician sonographers 
selected from a larger clinician group with unclear reasons 
for clinician sonographer selection [22,23,26,28,29,32,33]. 
Five studies involved time intervals between POC echo-
cardiography performed by clinician sonographers and 
the echocardiogram performed by expert sonographers, 
reflecting high risk of bias in flow and timing [28–31,33].

Meta-analysis
In seven studies (688 patients, 786 scans, >119 clinician 
sonographers; 60 attendings, and 59 emergency medicine 
residents/fellows) [22,23,25,27,29,31,32], clinician sonog-
raphers used the visual estimation method to assess LVSF 

and reported adequate data to conduct the meta-analy-
ses. The primary data were extracted from the original 
articles for statistical analysis (Supplementary Table 5 
in Supplemental Digital Content 1, http://links.lww.com/
EJEM/A318). The remaining five studies [24,26,28,30,33] 
had inadequate data for meta-analysis and we were una-
ble to obtain sufficient data from the authors. There were 
insufficient studies to conduct a meta-analysis for EPSS 
or VTI assessment of LVSF. Weighted kappa was calcu-
lated in five studies [22,23,25,27,32] where the LVSF was 
categorised as normal, reduced, or severely reduced. In 
one study [25] where LVSF ranked as hyperdynamic, 
we include this as normal function for analysis. In two 
studies [29,31] where LVSF was categorised as normal 
or abnormal, simple kappa was calculated from primary 
data. Then, an overall simple kappa was calculated for 
the seven studies [22,23,25,27,29,31,32] by combining 
the reduced and severe reduced function as abnormal. 
Combined data were then used to calculate sensitivity 
and specificity to identify normal or abnormal LVSF. A 
‘positive’ finding is defined as abnormal LVSF and a 
‘negative’ finding is defined as normal LVSF.

The meta-analysis of the seven studies 
[22,23,25,27,29,31,32] yielded simple Kappa, sensitiv-
ity, specificity, positive and negative likelihood ratio of 
0.68 (95% CI, 0.57–0.79), 89% (95% CI, 80%–94%), 85% 
(95% CI, 80%–89%), 5.98 (95% CI, 4.13–8.68), and 0.13 
(95% CI, 0.06–0.24), respectively. The weighted kappa 
for five studies [22,23,25,27,32] was 0.70 (95% CI, 0.61–
0.80). The forest plots of the previous results are shown 
in Figs. 2 and 3, and in Supplementary Figs. 4 and 5 in 
the Supplemental Digital Content 1, http://links.lww.com/
EJEM/A318.

The subgroup meta-analysis regarding the year of pub-
lication before or after 2010, yielded simple Kappa of 
κ = 0.70 (95% CI, 0.55–0.84) for the studies published 
after 2010 [25,27,29,31,32] and κ = 0.64 (95% CI, 0.46–
0.84) for those published before 2010 [22,23]. There was 
no evidence of publication bias with significant asymme-
try in Deeks’ funnel plot of the seven studies (P = 0.95) 
(Supplementary Fig. 6 in Supplemental Digital Content 
1, http://links.lww.com/EJEM/A318).

Discussion
The results of this systematic review suggest that 
ED-based clinician sonographers (56% trainees, 44% 
attendings, with or without study-specific training) are 
able to interpret visual estimation of LVSF with a sub-
stantial agreement as compared to expert sonographer, 
with a pooled κ = 0.68 (seven studies) and κ

w
 = 0.70 (five 

studies). Visual estimation of LVSF is a rapidly performed, 
widely acceptable method and in experienced hands may 
be superior to formal measurements for assessment of 
LVSF [38–41], but requires considerable experience to 
perform accurately. The sensitivity (true positive rate for 

http://links.lww.com/EJEM/A318
http://links.lww.com/EJEM/A318
http://links.lww.com/EJEM/A318
http://links.lww.com/EJEM/A318
http://links.lww.com/EJEM/A318
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detection of abnormal LVSF), specificity (true negative 
rate for detection of normal LVSF), positive and negative 
likelihood ratios in seven studies were 89%, 85%, 5.98, 
and 0.13, respectively, suggesting that clinician sonog-
rapher can correctly identify normal or abnormal LVSF 
sufficiently for clinical practice when compared to expert 
sonographer’s interpreted echocardiography as the refer-
ence standard.

For every 100 patients classified as having normal LVSF by 
expert sonographer, and clinician sonographer identified 
85 patients. For every 100 patients identified as having 
abnormal LVSF by the expert sonographer, the clinician 
sonographer correctly identified 89 patients. Clinician 
sonographer classified 11% wrongly as abnormal and 
15% wrongly as normal. A narrative review of the twelve 
included studies suggests that there is a high agreement 
in identifying LVSF as normal as compared to severely 
reduced function. However, the agreement was moderate 
in identifying mildly/moderately reduced LVSF function.

Other methods to assess LVEF (not considered in this 
review) such as mitral annular plane systolic excur-
sion and tissue doppler imaging may offer more pre-
cise assessment and have been reported as having good 

interobserver reliability between untrained sonographers 
and experts [42–44].

Measuring EPSS is a much simpler and quicker method 
to assess LVSF than the SBT technique and is easily 
taught to novice sonographers [45]. However multi-
ple factors may cause an over or underestimate in the 
LVSF measurement, such as valvular disease or septal 
hypertrophy. In this systematic review, EPSS was used 
in three studies [24,28,30]. The level of agreement and 
correlation were variably expressed, and no meta-analysis 
was possible. These three individual studies reported a 
moderate to a high level of agreement between clinician 
sonographers and expert sonographer.

VTI assesses the volume of blood ejected via the aor-
tic outflow tract and may be used to calculate the stroke 
volume, cardiac index and guide fluid therapy [46]. VTI 
depends on ejection fraction, LV filling pressures and 
vascular resistance, and so offers different data to clini-
cians as compared to ejection fraction and EPSS (and 
other assessments of LV function). One study included in 
this systematic review assessed cardiac index using VTI 
and LVOT diameter by clinician sonographer and expert 
sonographer (κ = 0.40) [26].

Fig. 1

PRISMA flow diagram for the selection process for the systematic review studies. PRISMA, Preferred Reporting Items for Systematic reviews and 
Meta-Analysis statement.
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SBT method is widely used by cardiologists, but this 
technique is time-consuming to perform in the resuscita-
tion phase of care and includes A4C and A2C views, with 
the latter not widely taught to clinician sonographers. 
None of the included studies used this method by clini-
cian sonographer for LVSF assessment.

A 2019 narrative review [21] described the assessment 
of LVSF by emergency physicians and general practi-
tioners with varying POC echocardiography experi-
ence. The authors reported an overall raw agreement 
of 84–93% (10 studies) [22–24,26–30,47,48], based on 
visual estimation, EPSS and VTI. This review had no 
a priori defined research question, clear protocol, criti-
cal appraisal, or meta-analysis of included studies. The 
authors included eight studies which are included in 
the systematic review reported here [22–24,26–30] and 
two studies that were excluded [47,48]. Shah et al. [47] 
enrolled adult and paediatric patients in ED and out-
patient settings with POC echocardiography performed 
by internal medicine and social service doctors followed 
by expert review of the recorded images (cardiologist 
or emergency medicine ultrasound fellow). This study 
reported almost perfect agreement for LVSF (κ = 0.98). 
Dehbozorgi et al. [48] studied the diagnostic accuracy 
of thoracic and cardiac POCUS for acute heart failure 
as compared to clinietween clinician sonographers and 
expert sonographers. Therefore, these two articles did 
not meet the inclusion criteria for the work reported in 
this article.

Visual estimation of LVSF is well described in the car-
diology literature [39,40,49,50]. However, there are few 
studies that investigate the interobserver agreement 

between cardiologists or between cardiologists and 
sonographers. One study including 136 patients with 
suspected left ventricular dysfunction explored agree-
ment between echocardiograms performed by cardiology 
trainees using portable ultrasound machines and hospi-
tal-based echocardiograms performed by senior cardiac 
technicians using a floor-based ultrasound machine. The 
authors reported the excellent agreement (κ = 0.87) for 
the detection of LV systolic dysfunction [51]. Testuz et 
al. compared echocardiography performed by certified 
cardiologists using hand-held devices to departmental 
echocardiography interpreted by blinded cardiologists, 
again with excellent agreement for LVSF (κ = 0.89) [52].

Several studies have evaluated POC echocardiography 
for the assessment of LVSF in an ICU setting. Amiel et 
al. reported the substantial agreement (κ = 0.75) in assess-
ing LVSF between two experienced intensivists trained 
in critical care echocardiography using hand-held POC 
echocardiography as compared to cardiology reported 
departmental echocardiography [53]. Biais et al. reported 
excellent agreement (κ = 0.87) in assessed LVSF between 
two different expert intensivist sonographers using hand-
held POC echocardiography in ED and departmental 
echocardiography [54]. Two studies assessed the ability of 
trainees in internal medicine to assess LVSF. One study 
reported substantial agreement (κ = 0.77) while a second 
study reported moderate agreement (κ = 0.51) between 
POC echocardiography performed by internal medicine 
trainees and cardiology performed echocardiography 
[55,56]. An ICU-based pilot study reported that follow-
ing 8 h of focused training to assess LVSF using POC 
echocardiography by noncardiologist trainees (two anaes-
thesia and two internal medicine) recorded substantial 

Table 3 Quality assessment using QUADAS-2 of the included studies: ; high risk of bias, ; Low risk of bias,?; unclear

 Bias Applicability

Author Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Moore et al. [22]
Randazzo et al. [23]
Secko et al. [24]
Weekes et al. [25] ? ? ?

Dinh et al. [26]
Bustam et al. [27]
McKaigney et al. [28]
Ünlüer et al. [29]
Farsi et al. [30] ?
Balderston et al. [31]
Monsomboon et al. [32]
Lafon et al. [33]

Percentage (%) Summary of QUADAS-2 results
Bias Applicability

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

8.5% 33.5% 91.5% 50% 91.5% 91.5% 91.5%
91.5% 58% 0% 41.5% 8.5% 8.5% 0

? 0% 8.5% 8.5% 8.5% 0% 0% 8.5%

QUADAS-2, Quality Assessment Tool for Diagnostic Accuracy Studies-2.
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agreement (κ = 0.76) as compared to expert intensivist 
sonographers using floor-based devices [57].

There was significant heterogeneity identified among 
the included studies. The level of POC echocardiogra-
phy experience for clinician sonographers ranged from no 
previous significant experience [27,32,33], <25 scans [24], 
100 scans [28], completed an US workshop [23], ACEP 
certified [31], and not clearly described [22,25,26,29,30]. 
However, the level of experience of clinician sonogra-
phers did not predict the level of agreement with expert 
sonographers in this systematic review. Three studies 
enrolled only novice clinician sonographers with no sig-
nificant previous experience in ultrasound and reported 
substantial agreement for visual estimation, κ = 0.61 to 
0.79 [27,32,33]. In three studies [22,25,29], the clinician 
sonographers were all attending emergency physicians 
but the level of POC echocardiography experience was 
not clearly defined, and these studies reported widely 
different levels of agreement for visual estimation of 
LVSF. In two studies the clinician sonographers were a 
mixture of trainees and attendings [23,31]. In this sys-
tematic review, emergency physician attending did not 
have higher levels of agreement with expert sonogra-
phers than emergency medicine trainees.

There was also heterogeneity in additional training in 
POC echocardiography offered by the study teams prior 
to enrolment. Ten studies [22,23,25–30,32,33] offered 
study-specific training in POC echocardiography to 

clinician sonographer participants ranging from 10 min 
to 16 h (theoretical and hands-on training). In one study, 
the clinician sonographer did not receive any additional 
training with a calculated κ = 0.49; however, the clinician 
sonographers were credentialed to the standards defined 
by ACEP [31]. Implementing additional, targeted training 
in POC echocardiography is associated with an improve-
ment in image acquisition and interpretation [58–61].

POC echocardiography technology has advanced con-
siderably in the past two decades, with better quality 
machines at a reduced cost. Five studies that used visual 
estimation by clinician sonographers and published after 
2010 [25,27,29,31,32] showed higher pooled agreement 
compared to those two studies before 2010 [22,23]: κ = 0.7 
(95% CI, 0.55–0.84) vs. κ = 0.64 (95% CI, 0.46–0.84). This 
may reflect the improvement in technology and training 
for clinician sonographers [62].

Limitations:
This systematic review has several limitations. All the 
data are from small, single centre observational studies. 
The study design, patient population, statistical anal-
ysis, clinician sonographer selection, POC echocardi-
ography training and experience varied considerably. 
The risk of bias for included studies was high, mainly 
a consequence of convenience sampling, patient exclu-
sion and selected clinician sonographers. However, this 
reflects the clinical use for POC echocardiography where 
images are not always attainable and not all clinicians are 

Fig. 2

Forest plot of agreement of POC echocardiography by clinician sonographer for the assessment of LVSF as normal/abnormal using Simple kappa 
statistics as compared to expert sonographer. LVSF, left ventricular systolic function; POC, point-of-care.
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trained in ultrasound/ POC echocardiography. ED per-
formed POC echocardiography involves critically unwell 
patients who may be challenging to position optimally. 
Many emergency medicine training schemes do not 
include assessment of LVSF and in 10 studies [22,23,25–
30,32,33] additional training was provided for clinician 
sonographers. This work is not generalisable to clinician 
sonographers without additional POC echocardiography 
training. Two studies [29,31] classified LVSF as normal 
or abnormal, a very blunt tool for clinical assessment. 
Classification of LVSF as normal, reduced, and severely 
reduced function may offer a more useful clinical 
approach. Only two studies assessed the interobserver 
agreement between the expert sonographer [22,24], 
which was similar to the agreement between clinician 
sonographer and expert sonographer. There were insuffi-
cient data to allow meta-analysis for EPSS and VTI. The 
reference standard in this systematic review was expert 
sonographer interpreted echocardiograms, which is not a 
gold standard for LVSF assessment. This limits the value 
of reported sensitivity and specificity. However, this is 
considered an acceptable reference standard for clinical 
practice. A multicentre observational study comparing 
clinician sonographer to expert sonographer, interob-
server expert sonographer/interobserver clinician sonog-
rapher reliability and intra-observer reliability using 
multiple methods of LVSF assessment would provide 
valuable data on understanding the reliability, precision, 
and reproducibility of each technique.

Conclusion
Clinician sonographer (trainee or attending) had a sub-
stantial agreement with an expert sonographer for the 

POC echocardiography assessment of LVSF as ‘normal or 
abnormal’ and as ‘normal, reduced and severely reduced’ 
by visual estimation. Few studies assessed the agreement 
between clinician sonographer and expert sonographer 
for EPSS and VTI methods and meta-analysis was not 
possible. There is considerable heterogeneity among 
studies with limited generalisability. A standardised 
training curriculum for LVSF assessment is needed. The 
quality of the included studies was low. Further studies 
are warranted.
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