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Abstract

Aim The purpose of this systematic review and meta-analysis was to evaluate the accuracy of the absence of cardiac
motion on point-of-care echocardiography (PCE) in predicting termination of resuscitation (TOR), short-term death
(STD), and long-term death (LTD), in adult patients with cardiac arrest of all etiologies in out-of-hospital and emer-
gency department setting.

Methods A systematic review and meta-analysis was conducted based on PRISMA guidelines. A literature search

in Medline, EMBASE, Cochrane, WHO registry, and ClinicalTrials.gov was performed from inspection to August

2022. Risk of bias was evaluated using QUADAS-2 tool. Meta-analysis was divided into medical cardiac arrest (MCA)
and traumatic cardiac arrest (TCA). Sensitivity and specificity were calculated using bivariate random-effects, and het-
erogeneity was analyzed using /* statistic.

Results A total of 27 studies (3657 patients) were included in systematic review. There was a substantial variation

in methodologies across the studies, with notable difference in inclusion criteria, PCE timing, and cardiac activity
definition. In MCA (15 studies, 2239 patients), the absence of cardiac activity on PCE had a sensitivity of 72% [95% Cl
62-80%] and specificity of 80% [95% Cl 58-92%] to predict LTD. Although the low numbers of studies in TCA preluded
meta-analysis, all patients who lacked cardiac activity on PCE eventually died.

Conclusions The absence of cardiac motion on PCE for MCA predicts higher likelihood of death but does not have
sufficient accuracy to be used as a stand-alone tool to terminate resuscitation. In TCA, the absence of cardiac activ-
ity is associated with 100% mortality rate, but low number of patients requires further studies to validate this finding.
Future work would benefit from a standardized protocol for PCE timing and agreement on cardiac activity definition.
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Introduction

Cardiac disease accounts for around 1 in 3 deaths
in wealthier nations with 15% presenting initially in
out-of-hospital cardiac arrest (OHCA). OHCA has a
poor survival rate, averaging around 8%, with an aver-
age global incidence among adults of 55 OHCAs per
100,000 person-years [1, 2]. Survival is higher for shock-
able as compared to non-shockable rhythms, witnessed
as opposed to unwitnessed arrests and for patients who
receive bystander cardiopulmonary resuscitation (CPR)
[3]. Improved rates of bystander CPR, the availability
of automatic defibrillators, and advances in critical care
have been associated with improved outcomes in some
countries [4]. The outcome of patients with non-shock-
able rhythm remains low and depends on early recogni-
tion and correction of potentially reversible causes [5, 6].
Resuscitation from cardiac arrest demands significant
resources and identifying patients with no chance of sur-
vival allows health care providers to focus their efforts
appropriately [7]. Previous work has identified combina-
tions of clinical parameters and end tidal carbon dioxide
levels as predictive of futility [8, 9].

Point-of-Care Echocardiography (PCE) is increas-
ingly used in the evaluation of patients in the Emergency
Department (ED) in guiding the diagnosis and resusci-
tation of patients with acute breathlessness, shock, and
cardiac arrest [10]. During the resuscitation of cardiac
arrest, PCE and blood gas are key in identifying reversible
causes of cardiac arrest. PCE can complement advanced
life support (ALS) and its use has been integrated into
the universal ALS algorithm [11]. PCE may also have
a role in identifying patients for whom resuscitation
is futile. Prior systematic reviews and meta-analyses
addressed this issue and had methodologic differences
in the selected population and outcomes. Four reviews
combined the data on both traumatic and non-traumatic
cardiac arrest in their meta-analysis [12—-15]. Another
review excluded the data on shockable rhythm [16]. All
these previous reviews reported performance measures
of PCE in predicting survival outcomes. This systematic
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review focused on the prediction of death, with subgroup
analysis of medical versus traumatic cardiac arrest, irre-
spective of the cardiac rhythm.

The purpose of this systematic review and meta-anal-
ysis was to evaluate if the absence of cardiac motion on
intra-arrest PCE predicts death. The endpoints were
the sensitivity and specificity of the absence of cardiac
motion for the absence of spontaneous return of circula-
tion (ROSC), survival to hospital admission (SHA), and
survival to hospital discharge (SHD) for adult patients
with OHCA of all etiologies. The review question is
described in Table 1.

Methods

This systematic review was designed in accordance with
the Preferred Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) statement [17] and was regis-
tered on the International Prospective Register of Sys-
tematic Reviews (PROSPERO, CRD42021179246).

Data sources and searches

A comprehensive search of the literature was performed
using Medline (PubMed), EMBASE (OvidSP), and
Cochrane library in May 2021 and repeated in October
2023 from database inception to search date. A search
for ongoing clinical trials was performed using Clinical-
Trials.org and WHO registry. The search was conducted
using MeSH (Medical Subject Headings) terms and
search terms as shown in Additional file 1: Appendix S1.
The initial search was supplemented by snowballing. The
gray literature was searched using Google Scholar, Open-
Grey, and the TRIP database. Emergency medicine and
ultrasound journals were also hand searched. There were
no limitations on the date of publication or the country
of origin. The search was restricted to human studies and
English language.

Study selection
Two reviewers (TH, OA) independently conducted the
search and identified studies for inclusion by reviewing

Population

Adult patients with out-of-hospital cardiac arrest (OHCA) or in-ED cardiac arrest (EDCA) irrespective of cause or rhythm

Intervention

Outcomes
hospital studies

Point-of-care echocardiography (PCE) during CA to identify cardiac standstill
= Termination of resuscitation (TOR): defined as no return of spontaneous circulation (ROSC) in the ED or upon ED arrival in pre-

= Short-term death (STD): defined as no survival to hospital admission (SHA) or at 24 h
m | ong-term death (LTD): defined as no survival to hospital discharge (SHD) or at 30 days
= Neurologically intact survival to hospital discharge (NISHD)

Subgroups for analysis:
= Medical cardiac arrest (MCA)
= Traumatic cardiac arrest (TCA)
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the titles and abstracts. Consensus was then achieved by
reading the full text of all the potentially eligible papers.
Any discrepancy in study inclusion or exclusion was
resolved by discussion between the reviewers, and inde-
pendent search of a third reviewer (RDJ). Randomized
controlled trials and observational cohort studies (pro-
spective or retrospective) in prehospital or ED setting
were included. Conference abstracts were only included
if contained sufficient methods description for quality
assessment, and sufficient data for analysis. Case reports,
case series, reviews, guidelines, editorials, and letters
were excluded. Studies involving in-hospital cardiac
arrest (IHCA) or using transesophageal echocardiogra-
phy (TEE) were excluded.

Data extraction and quality assessment

A standardized data abstraction form was used to sum-
marize studies (Table 2). Data were extracted indepen-
dently by two authors (OA, TH) and verified by two
reviewers (RDJ, TSK). Quality assessment of the included
studies was performed using QUADAS-2 (Quality
Assessment of Diagnostic Accuracy Studies) tool [18].
Attempts were made to contact authors to clarify meth-
ods and obtain missing data. The tool was applied by two
reviewers (TH, OA) independently and any disagree-
ment in quality scoring was resolved by independent
assessment of a third reviewer (RDJ). QUADAS -2 tool
allows customization of the signaling questions to assess
papers included in this review. Our signaling questions
are detailed in Additional file 1: Appendix S2 with the
definitions of low and high risk of bias for each of the tool
domains.

Data synthesis and analysis

For analysis, a true positive was defined as a patient with
the outcome of interest (TOR, STD, or LTD) and cardiac
standstill on PCE. Hence, the condition being tested was
death, and a positive test was cardiac standstill on PCE.
The reported sensitivity (true-positive rate) was the
proportion of patients who died and in whom the PCE
identified cardiac standstill. The reported specificity
(true-negative rate) was the proportion of patients who
survived and accurately identified by PCE as having car-
diac activity. All studies that provided data to enable the
calculation of performance estimates of PCE to predict
death were used in the meta-analysis. Point estimates for
each study and pooled estimates with 95% confidence
intervals of sensitivity and specificity were calculated
using bivariate random-effects modeling. Forest plots
were used to display the results. Heterogeneity across
studies was analyzed using the Higgins’ I statistic which
ranges between 0 and 100%; I* of 75% or higher indicated
high heterogeneity [19]. Deeks funnel plot was used to
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identify evidence of publication bias in studies of diag-
nostic performance. The meta-analysis was performed
on Stata 16 (StataCorp, 2019) using the user-defined pro-
gram Midas [20].

Results

Search results

Literature search results are displayed in Fig. 1, with 5872
studies screened, 39 full-text papers reviewed, and 27
included in the qualitative synthesis of which sufficient
data were identified in 15 for meta-analysis. Further full-
text screening excluded 12 papers that did not meet the
inclusion criteria. Two excluded papers were secondary
analysis of other included studies [21, 22]. Four excluded
studies focused on in-hospital cardiac arrest [23-26], and
one was conducted in an intensive care unit setting [27].
One study used TEE to identify intracardiac thrombus
[28], and another one looked into the impact of prehos-
pital echocardiography on treatment decisions [29]. We
also excluded two abstracts with insufficient data for
analysis [30, 31], and a case report [32].

Study characteristics

A total of 27 studies (3657 patients) were included in
this systematic review [33-59]. Two studies were per-
formed in a prehospital setting [51, 54], and the remain-
ing involved PCE performed in the ED. We contacted the
authors for 11 studies to inquire about the study popu-
lation, clarify the ultrasound protocol, and obtain miss-
ing outcome data [36, 38, 39, 41-44, 47, 50, 51, 54]. All
included studies were published between 2001 and 2021.
The study design for all but one study was observational
cohort, 19 of which were prospective [33, 37-45, 48, 51—
54, 56-59] and seven were retrospective studies [34—36,
46, 47, 49, 55]. There was one randomized controlled trial
[21]. Seven studies conducted in at least two centers [33,
35, 43, 50, 53, 56, 58], with the largest recruiting from
20 centers [43]. All 27 studies included OHCA patients.
Twelve studies also included EDCA patients [33, 34, 40,
41, 43-45, 47, 48, 52, 55, 56]. Six studies included only
patients in TCA [35, 45, 46, 49, 52, 55], and 15 studies
only MCA patients. The remaining six studies included
all cardiac arrest patients regardless of the cause [41, 44,
47, 48, 50, 53]. While 14 studies included both shockable
and non-shockable rhythms, 11 studies included patients
where the initial presenting rhythm was non-shockable
[33-36, 43, 49, 50, 54-57], five of which included only
patients with pulseless electrical activity [34, 35, 50, 55,
57]. All participants in the studies were adults aged over
16 years. All studies used at least the subcostal window,
except five studies which failed to describe which PCE
windows were used [35, 38, 39, 47, 52]. The most fre-
quently used ultrasound probe was curvilinear [33, 36,
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Fig. 1 PRISMA flow diagram

37,41, 44, 47-49, 53-56, 58, 59], then phased array probe
[34, 36, 42, 45, 53, 55, 56, 59], and eight studies did not
specify which probes were used [35, 38, 39, 43, 46, 50, 52,
57].

Quality assessment

The results of the QUADAS?2 assessment are presented in
Table 3. There was considerable variation in study meth-
ods. Eighteen studies were rated as high risk of bias for
patient selection, mainly because of convenience sam-
pling and exclusion criteria (e.g., due to anatomical or
technical difficulties). The PCE protocols varied between
studies, which is reflected in scoring the index test. Thir-
teen studies failed to a priori define how the presence or
absence of cardiac activity was assessed [34, 35, 37, 39,
41, 46, 47, 50, 52-54, 58, 59]. Two studies were rated high
risk of bias due to loss of patient data [40, 41].

Systematic review
Each study reported one or more of the following out-
comes: ROSC (20 studies), SHA (12 studies), 24-h

survival (two studies), 30-day survival (two studies),
and SHD (17 studies). The results of these outcomes
are tabulated in Additional file 1: Appendix S3. Three
studies reported neurologically intact SHD for three
patients, all of which had cardiac motion on PCE dur-
ing MCA [42, 51, 56]. PCE assessment was done dur-
ing pulse and rhythm check in all studies that specified
the timing. There was a variable number of PCE assess-
ments during resuscitation period. While most studies
reported their outcomes based on single PCE assess-
ment, five studies reported increased odds of poor out-
come if persistent absence of cardiac activity was noted
on several assessments [33, 37, 38, 42, 51]. Masoumi
et al. (n=151) reported 91% specificity for TOR in
patients with cardiac standstill on three ultrasound
assessments during the first three CPR pauses, com-
pared to 61% specificity for TOR if no cardiac activity
on the first assessment [33]. Kim et al. (z =48) evalu-
ated the correlation between serial echocardiographic
assessments and ROSC and found 25% specificity for
TOR in patients with cardiac standstill on the initial
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Table 3 Quality assessment of the included studies (QUADAS-2)
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Bias Applicability

Author Patient Index Reference Flow & Patient Index Reference

Selection Test Standard Timing Selection Test Standard
Masoumi ? © © ? ? © ©
Devia ® ® © © © © ©
Atkinson © © © © © © ©
Israr © ® © © © © ©
Lien ® ® © © © © ©
Khunkhlai ? ? © ? © © ©
Chua ? ® © ? © © ©
Gaspari ? © © ? ? © ©
Kim ® © © © © © ©
Zengin ® © © ® ? © ©
Ozen ® ® © ® ? © ©
Bolvardi ® ® © ? ? © ©
Inaba ® © © © ® © ©
Cebicci ® ® © ? © © ©
Ferrada ® ® © © ® © ©
Cureton ® © © © © © ©
Aichinger ® © © © © © ©
Tomruk ® © © ? ? © ©
Chardoli ® ® © ? ? © ©
Hayhurst ® ® © © © © ©
Tarmey ® ® © © ? © ©
Breitkreutz ? ® © © © © ©
Schuster ? © © ? © © ©
Salen 2005 ® ? © © © © ©
Tayal ? © © © © ©
Salen 2001 ® ® © © © © ©
Blaivas ® ® © © ? © ©

sonographic assessment, which increased to 85%, 96%,
and 100% at 6, 8, and 10 min of serial cardiac standstill.
[42]. Definition for cardiac activity varied between the
studies and ranged from any detected motion to organ-
ized wall motion. Khunkhlai et al. (#=63) showed a

slight increase in sensitivity and decrease in specificity
of TOR and STD if both wall and valvular motion were
absent (TOR sensitivity 100%, specificity 65%; STD sen-
sitivity 74%, specificity 70%), compared to the absence
of only wall or valvular motion (TOR sensitivity 96%,
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specificity 76%; STD sensitivity 67%, specificity 80%)
[38].

Meta-analysis

Meta-analysis for the included studies was subclassified
into MCA and TCA groups. Studies that included both
medical and traumatic cardiac arrest with no available
data for each were excluded from this analysis. The small
number of studies in the TCA group with low numbers
of reported events did not allow for a meta-analysis. As
a result, 15 studies (2239 patients) were included in this
meta-analysis for the MCA group.

The absence of cardiac activity on PCE in MCA group
had a pooled sensitivity of 87% [95% CI 75-94%] and
specificity of 70% [95% CI 56-82%] to predict TOR.
Pooled sensitivity to predict STD was 82% [95% CI
72-88%)] and specificity 82% [95% CI 64-92%]. To pre-
dict LTD, pooled sensitivity was 72% [95% CI 62—-80%]
and specificity 80% [95% CI 58-92%]. There was a sub-
stantial heterogeneity of the results, with I exceeding
75% for both sensitivity and specificity analysis. The for-
est plots of the previous results are shown in Figs. 2, 3,

Studyld | SENSITIVITY (85% Cl)
|
|
|
|
Tayal2003 . - 0.73[0.39 - 0.94]
|
Salen/2005 :—o— 0.95[0.87-0.09]
|
Breitkreutz/2010 [ ] | 0.60[0.46-0.74]
|
Aichinger/2012 QIL 0.84[0.68-0.04]
|
Kimi2016 —t— 0.95[0.75 - 1.00]
|
Zengini2016 — | 0.55 [0.45 - 0.65]
|
|
Gaspari/2016 — .- I 0.78[0.74-0.81)
|
Khunkhiail2017 e 1.00 [0.86 - 1.00]
|
Lien/2018 : —e 0.08[0.03 - 1.00]
|
Atkinson/2019 | —e- 0.06[0.91-0.99]
|
Devia/2020 [ ] : 0.62[0.44-0.78]
|
Masoumi’2021 —e 0.82[0.73-0.88]
|
|
|
COMBINED <> 0.87[0.75- 0.04]
|
| Q=142.01, df = 11.00, p = 0.00
|
| )
l 12=02.25 [80.00 - 95.42]

T T
0.4 1.0
SENSITIVITY
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4. Positive and negative likelihood ratios are reported in
Additional file 1: Appendix S4. There was no evidence of
publication bias as demonstrated by Deeks’ funnel plot in
Additional file 1: Appendix S5.

Although meta-analysis was not feasible for TCA
group, the rate of LTD was 100% (358/358) for patients
without cardiac activity, and 90% (103/114) for patients
with cardiac activity on PCE. Thus, no patient survived
to hospital discharge if there was an absence of cardiac
activity on PCE during traumatic cardiac arrest.

Discussion

The findings of this systematic review suggest that the
predictive value of cardiac standstill on PCE for death
differs between medical and traumatic cardiac arrest. In
MCA, the specificity for long-term death (LTD) was 80%
(58-92%); thus, a significant number of false-positive
cases (22/1779 reported cases) were identified where
patients with absent cardiac activity survived to hospital
discharge. Therefore, PCE cannot be used as a sole tool
to predict death and direct the cessation of resuscitation
in MCA. The specificity for LTD in TCA was 100%; thus,

Studyld SPECIFICITY (5% CI)

Tayal/2003 o 1.00 [0.86 - 1.00]

Salen2005 . 1.00 [0.63 - 1.00]

|
|
|
|
Breitkreutz2010

+—— 0.86 [0.70 - 0.95]

|

Aichinger/2012

L] 0.80 [0.28 - 0.99]

Kim/2016

0.25[0.11-0.45]

Zengin/2016 0.70 [0.67 - 0.87]

Gasparil2016 —e 0.64 [0.57 - 0.70]

B
A

|

|

|

|

|

|

|

|

Khunkhl2ii2017 o 0.86 [0.49 - 0.80]
|
|
|
|
|
|
|
|
|

Lieni2018 —. 0.62[0.50 - 0.73]

Atkinson/2019 —

0.24[0.21- 0.49]

Devia/2020 *— 0.01[0.71-0.20]

Masoumir2021 o—— 0.61[0.43-0.77]
|
|
|

—

|
| Q=73.95, df = 11.00. p = 0.00
|
|

COMBINED 0.70[0.56 - 0.82]

12=85.13 [77.80 - 02.46]

|

0.1 1.0
SPECIFICITY

Fig. 2 Forest plot of sensitivity and specificity for TOR outcome in MCA group
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Studyld | SENSITIVITY (95% CI)
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|
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|
|
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|
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|
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|
|
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I
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|
I
Khunkhlail2017 *—i— 0.70 [0.46 - 0.88]
|
|
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I
|
19 L | 0.39[0.17 - 0.64]
|
|
Devia/2020 —'—.— 0.94[0.71-1.00]
|
|
Masoumi/2021 .—l— 0.75[0.51-0.91]
|
|
I
|
COMBINED Q 0.82[0.64 - 0.92]
I
I
| Q=36.76,df=8.00,p= 0.00
|
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SPECIFICITY

Fig. 3 Forest plot of sensitivity and specificity for STD outcome in MCA group

all patients without cardiac activity (358 patients) failed
to survive to hospital discharge, and consequently died.
However, the low numbers of patients preclude any firm
conclusions.

The sensitivity and specificity to predict TOR in MCA
were 87% [95% CI 75-94%] and 70% [95% CI 56—82%],
respectively. However, it is worthy to note that Atkinson
et al. (n=180) reported a higher sensitivity and lower
specificity of 96% and 34%, respectively [36]. The defini-
tion of cardiac activity (sustained coordinated contractil-
ity of left ventricle, with visible valve movement) in this
study may explain these findings. Another discrepancy
was also remarkable in Zengin et al. (n=179) which
reported the lowest sensitivity to predict TOR and LTD
[40]. The high proportion of false-negative cases, patients
who died despite identified cardiac activity on PCE, may
reflect a wider definition of cardiac activity (any detected
motion of the myocardium) or a less-experienced clini-
cian sonographer group.

In contrast to previous meta-analyses, this study
reported the utility of PCE findings during cardiac
arrest as predictor of death (TOR, STD, and LTD), as

opposed to survival (ROSC, SHA, and SHD), reflecting
the question asked by clinicians when observing no car-
diac motion. The meta-analysis reported on MCA and
included all rhythms. The latter approach was taken as
rhythm changes frequently during cardiac arrest, as does
the timing of PCE in the analyzed papers, so the clinician
sonographers could have timed their PCE to coincide
with a certain rhythm in studies where the timing of the
PCE was not protocolized.

Since previous meta-analyses used reversed outcome
and test definitions, their sensitivity can be compared
to our specificity. A recent systematic review evalu-
ated PCE in predicting survival in non-traumatic non-
shockable OHCA and reported pooled sensitivity of
60% for ROSC and 74% for SHD [16]. The exclusion of
shockable rhythm may explain the lower sensitivity, as
compared to the 70% specificity of TOR and 80% for
LTD in this analysis. Two previous systematic reviews
analyzed the data for both MCA and TCA with no sub-
group analysis for each group provided and reported a
higher sensitivity of 91% and 95% for ROSC which can
be explained by the inclusion of traumatic arrest [14,
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Fig. 4 Forest plot of sensitivity and specificity for LTD outcome in MCA group

15]. The systematic review reported here had a greater
heterogeneity in quality assessment compared to previ-
ous systematic reviews, which may reflect a more rigor-
ous application of the QUADAS tool to identify any risk
of bias. A more extensive literature review to include all
the eligible studies was also notable.

A recent systematic review evaluating PCE as a predic-
tor of death in TCA showed findings consistent with this
analysis [60]. A previous systematic review investigated
the prognostic association of different factors with sur-
vival and found that the most important predictors of
SHD were the presence of cardiac motion on ultrasound
(odds ratio 33.9, 95% CI 1.8—-613.4) and shockable initial
rhythm (odds ratio 7.2, 95% CI 5-10.4) [61]. In TCA, car-
diac activity on PCE may be regarded as an extreme of
shock. After ruling out obstructive causes of shock (car-
diac tamponade and tension pneumothorax), the absence
of any cardiac activity may imply unsalvageable condi-
tion as the myocardium has been exposed to a profound
hypoxic insult to the point of no coordinated cellular
activity. However, evidence of organized activity might
indicate profound shock where aggressive resuscitation

can potentially recover cardiac output and subsequently
achieve survival.

Despite the proposed benefit of PCE in assisting cli-
nicians in defining the etiology and predicting outcome
of OHCA, the potential harm of intra-arrest PCE war-
rants consideration. Two small prospective observational
studies identified that PCE use is associated with longer
duration of pulse checks [62, 63]. However, another
study suggested that the implementation of a structured
ultrasound protocol reduced the duration of CPR inter-
ruptions [64]. The study protocol consisted of three
sequential scans that evaluated for reversible causes in
the first two CPR pauses, and cardiac activity in the 3rd
pause. Other authors reported that pre-pause imaging
(placing the transducer during CPR to identify the car-
diac window) was associated with significant decrease in
CPR pause time [65].

Limitations

There are several limitations to this systematic review.
The literature search was limited to English language.
The majority of the included studies were observational
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cohort studies, which have inherent potential for bias and
confounding. The lack of consecutive sampling puts the
studies in the risk of selection bias, with many studies
depending on the availability of a sonographer to recruit
patients. The lack of blinding of cardiac activity on PCE
has the potential to bias the clinical outcome, and over-
estimate the prognostic value of PCE, by increasing the
association of cardiac standstill on PCE and death. Two
studies found that patients with cardiac motion received
longer length of resuscitation than those without (Atkin-
son: 27 min vs. 12 min, Gaspari: 18 min vs. 12 min) [36,
43]. Another two studies involved effort to overcome this
confounding by continuing resuscitation at least 30 min
[42] or at least 15 min after initial PCE [51]. This allowed
these studies to assess the association between subse-
quent scan findings and death. The first study (n=48)
reported that in 18 patients with subsequent cardiac
standstill > 10 min, no one had ROSC. The second study
was performed in the prehospital environment (n=42)
and reported higher ROSC rate of 57% (4/7) when cardiac
activity presented in all performed echocardiographic
assessments during resuscitation versus 40% (4/10) if car-
diac activity detected in only the first echocardiography.

There was a considerable heterogeneity in the method-
ology between the included studies with different inclu-
sion/exclusion criteria. The largest multicenter study
(Gaspari et al.) included non-traumatic non-shockable
OHCA and EDCA but did not include patients with
brief resuscitation efforts of less than 5 min [43], which
may had an effect on the overall low survival rate in this
study (ROSC 26%, SHD 1.6%). Different ultrasound scan-
ning protocols were also reported, with variety of ultra-
sound machines, transducers, and windows to evaluate
for cardiac activity. Hayhurst et al. (n=49) reported that
the most successful window in obtaining adequate view
within 10 s was the subxiphoid window (95%, 38/40),
followed by parasternal (85%, 17/19) and apical window
(50%, 2/4) [53].

Different timing for PCE assessments and variety of
definitions for cardiac activity were used within the
studies, which reflect the lack of standardized criteria
in the literature. A secondary analysis of the study by
Gaspari suggested that organized activity (contrac-
tions with changes in ventricular dimensions) is asso-
ciated with higher survival rate (ROSC 65%, 49/75)
compared to disorganized activity (agonal twitching)
(ROSC 39%, 37/95) [21]. Additionally, the accuracy of
ultrasound is known to be operator dependent, and
each study required a differing level of training and
clinical experiences. The inter-rater reliability for ultra-
sound interpretation was not reported in most studies;
however, Gaspari et al. reported a substantial agree-
ment (Cohen’s kappa=0.63) [43]. Another survey study
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reported only moderate agreement of cardiac stand-
still (Krippendorff’s alpha=0.47) among 127 emer-
gency medicine, critical care, and cardiology physicians
shown 15 sonographic video clips [66]. Valvular flutter
from mechanical ventilation and profound bradycardia
had the most interobserver disagreement. This demon-
strates the influence of inconsistent definition of car-
diac standstill on the results, especially if interpreted
with unskilled sonographer.

This methodological heterogeneity and risk of bias
precluded ILCOR (International Liaison Committee
on Resuscitation) from conducting meta-analysis in
their systematic review on MCA, which included both
out-of-hospital and in-hospital settings with no restric-
tion on cardiac rhythm [67]. The main culprits were
the wide variability in the definition of cardiac motion,
the in timing of PCE assessment, and the confounding
from “self-fulfilling prophecy,” when clinicians involved
with the TOR decision were not blinded to the PCE
findings. The authors concluded that the evidence for
PCE as prognostic tool is of very low certainty.

Conclusion

The absence of cardiac activity on intra-arrest PCE for
MCA predicts a poor prognosis but is not a stand-alone
tool to predict death and thus guide the cessation or con-
tinuation of a resuscitation. In TCA, the absence of car-
diac activity is associated with a 100% mortality rate, but
low numbers of included subjects indicate that further
research is required before PCE findings are used as a
stand-alone tool upon which to guide cessation of resus-
citation. The methodological and reporting heterogeneity
between studies hampers firm conclusions. Future work
would benefit from a standardized protocol for intra-
arrest PCE timing and definition of absent cardiac activ-
ity, and should focus on longer-term outcomes, such as
30-90-day survival with no or minimal disability.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513089-024-00360-x.

[ Additional file 1. Appendix S1, 52, S3, 54, S5. }

Acknowledgements
None.

Author contributions
All the listed authors have made substantial contributions in this manuscript.

Funding
Open Access funding provided by the Qatar National Library.

Availability of data and materials
Data are presented in the main paper and the Additional file 1: Appendix.


https://doi.org/10.1186/s13089-024-00360-x
https://doi.org/10.1186/s13089-024-00360-x

Albaroudi et al. The Ultrasound Journal (2024) 16:10

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Emergency Medicine, Hamad Medical Corporation, Doha, Qatar. “Emergency
Medicine, Barts Health NHS Trust, London, UK. *Department of Public Health,
College of Health Science, QU Health, Qatar University, Doha, Qatar. 4Emer-
gency Medicine, Royal Victoria Infirmary, Newcastle Upon Tyne, UK. *School
of Health and Life Sciences, Teesside University, Middlesbrough, UK. 5Queen
Mary University of London, London, UK.

Received: 29 July 2023 Accepted: 26 January 2024
Published online: 20 February 2024

References

1. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS
et al (2022) Heart disease and stroke statistics-2022 update: a report from
the American heart association. Circulation 145(8):e153-e639

2. Berdowski J, Berg RA, Tijssen JG, Koster RW (2010) Global incidences of
out-of-hospital cardiac arrest and survival rates: systematic review of 67
prospective studies. Resuscitation 81(11):1479-1487

3. Hreinsson JP, Thorvaldsson AP, Magnusson V, Fridriksson BT, Libungan
BG, Karason S (2020) Identifying out-of-hospital cardiac arrest patients
with no chance of survival: an independent validation of prediction rules.
Resuscitation 146:19-25

4. Maupain C, Bougouin W, Lamhaut L, Deye N, Diehl JL, Geri G et al (2016)
The CAHP (cardiac arrest hospital prognosis) score: a tool for risk stratifica-
tion after out-of-hospital cardiac arrest. Eur Heart J 37(42):3222-3228

5. Chan PS, McNally B, Tang F, Kellermann A (2014) Recent trends in survival
from out-of-hospital cardiac arrest in the United States. Circulation
130(21):1876-1882

6.  Parish DC, Dinesh Chandra KM, Dane FC (2003) Success changes the
problem: why ventricular fibrillation is declining, why pulseless electrical
activity is emerging, and what to do about it. Resuscitation 58(1):31-35

7. Yates EJ, Schmidbauer S, Smyth AM, Ward M, Dorrian S, Siriwardena AN
et al (2018) Out-of-hospital cardiac arrest termination of resuscitation
with ongoing CPR: an observational study. Resuscitation 130:21-27

8. Grmec S, Kupnik D (2003) Does the Mainz emergency evaluation scoring
(MEES) in combination with capnometry (MEESc) help in the prognosis
of outcome from cardiopulmonary resuscitation in a prehospital setting?
Resuscitation 58(1):89-96

9. Wayne MA, Levine RL, Miller CC (1995) Use of end-tidal carbon dioxide
to predict outcome in prehospital cardiac arrest. Ann Emerg Med
25(6):762-767

10. Labovitz AJ, Noble VE, Bierig M, Goldstein SA, Jones R, Kort S et al (2010)
Focused cardiac ultrasound in the emergent setting: a consensus state-
ment of the American Society of Echocardiography and American Col-
lege of Emergency Physicians. J Am Soc Echocardiogr 23(12):1225-1230

11. Link MS, Berkow LC, Kudenchuk PJ, Halperin HR, Hess EP, Moitra VK et al
(2015) Part 7: adult advanced cardiovascular life support: 2015 American
heart association guidelines update for cardiopulmonary resuscita-
tion and emergency cardiovascular care. Circulation 132(18 Suppl
2):5444-5464

12. Dudek M, Szarpak L, Peacock FW, Gasecka A, Michalski T, Wroblewski P
et al (2023) Diagnostic performance of point-of-use ultrasound of resusci-
tation outcomes: a systematic review and meta-analysis of 3265 patients.
Cardiol J 30(2):237-246

13. Wu C, Zheng Z, Jiang L, Gao Y, Xu J, Jin X et al (2018) The predictive value
of bedside ultrasound to restore spontaneous circulation in patients with

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 150f 16

pulseless electrical activity: a systematic review and meta-analysis. PLoS
ONE 13(1):20191636

. Tsou PY, Kurbedin J, Chen YS, Chou EH, Lee MG, Lee MC et al (2017) Accu-

racy of point-of-care focused echocardiography in predicting outcome
of resuscitation in cardiac arrest patients: a systematic review and meta-
analysis. Resuscitation 114:92-99

. Blyth L, Atkinson P, Gadd K, Lang E (2012) Bedside focused echocardi-

ography as predictor of survival in cardiac arrest patients: a systematic
review. Acad Emerg Med 19(10):1119-1126

. Lalande E, Burwash-Brennan T, Burns K, Atkinson P, Lambert M, Jarman

Betal (2019) Is point-of-care ultrasound a reliable predictor of outcome
during atraumatic, non-shockable cardiac arrest? A systematic review and
meta-analysis from the SHoC investigators. Resuscitation 139:159-166

. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD

et al (2021) The PRISMA 2020 statement: an updated guideline for report-
ing systematic reviews. BMJ 372:n71

. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB et al

(2011) QUADAS-2: a revised tool for the quality assessment of diagnostic
accuracy studies. Ann Intern Med 155(8):529-536

. Higgins JB, Thompson SG, Deeks JJ, Altman DG (2003) Measuring incon-

sistency in meta-analyses. Br Med J 327(7414):557-560

Dwamena BA (2007) Midas: a program for meta-analytical integration

of diagnostic accuracy studies in Stata. Division of Nuclear Medicine,
Department of Radiology, University of Michigan Medical School, Ann
Arbor

Gaspari R, Weekes A, Adhikari S, Noble V, Nomura JT, Theodoro D et al
(2017) A retrospective study of pulseless electrical activity, bedside
ultrasound identifies interventions during resuscitation associated with
improved survival to hospital admission. A REASON Study. Resuscitation
120:103-107

Beckett N, Atkinson PR, Fraser J, French J, Lewis D (2016) Do combined
electrocardiogram rhythm and point of care ultrasound findings predict
outcome during cardiac arrest? The second Sonography in Hypotension
and Cardiac Arrest in the Emergency Department (SHOC-ED 2) Study.
CJEM 18(51):543-544

Bondarsky E, Miyakawa L, Love A, Patrawalla P, Acquah S, Lee Y1 (2017)
Utility of point-of-care ultrasound for in-hospital cardiac arrest. Chest
152(4):A611

Varriale P, Maldonado JM (1997) Echocardiographic observations

during in hospital cardiopulmonary resuscitation. Crit Care Med
25(10):1717-1720

Thandar S, Sahu AK, Sinha TP, Bhoi S (2023) Role of initial cardiac activity
assessed by point-of-care ultrasonography in predicting cardiac arrest
outcomes: a prospective cohort study. Turk J Emerg Med 23(1):24-29
Seyedhosseini J, Ahmadi R, Karimialavijeh E, Aghili M (2022) Relationship
between cardiac ultrasound findings during cardiopulmonary resuscita-
tion with the outcome of patients. J Emerg Pract Trauma 9(1):32-37
Flato UA, Paiva EF, Carballo MT, Buehler AM, Marco R, Timerman A (2015)
Echocardiography for prognostication during the resuscitation of
intensive care unit patients with non-shockable rhythm cardiac arrest.
Resuscitation 92:1-6

LauV, Blaszak M, Lam J, German M, Myslik F (2022) Point-of-care resuscita-
tive echocardiography diagnosis of intracardiac thrombus during cardiac
arrest (PREDICT Study): a retrospective, observational cohort study.
Resusc Plus 10:100218

Ketelaars R, Beekers C, Van Geffen GJ, Scheffer GJ, Hoogerwerf N (2018)
Prehospital echocardiography during resuscitation impacts treatment in
a physician-staffed helicopter emergency medical service: an observa-
tional study. Prehosp Emerg Care 22(4):406-413

Luna AC, Babasa R, Gaerlan FJ (2015) Focused cardiac sonography during
resuscitation of cardiac arrest patients in the emergency department.
Ann Emerg Med 66(4):5108

Cimpoesu D, Alina Tiron A, Petris AO (2010) Echocardiography during
cardiopulmonary resuscitation-not only “FEER! Resuscitation 81(2):517
Kinnear-Mellor R, Newton K, Woolley T, Rickard R (2016) Predictive utility
of cardiac ultrasound in traumatic cardiac arrest in a combat casualty. J R
Army Med Corps 162(1):68-70

Masoumi B, Azizkhani R, Heydari F, Zamani M, Nasr IM (2021) The role of
cardiac arrest sonographic exam (CASE) in predicting the outcome of
cardiopulmonary resuscitation: a cross-sectional study. Arch Acad Emerg
Med 9(1):e48



Albaroudi et al. The Ultrasound Journal

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2024) 16:10

Devia Jaramillo G, Navarrete Aldana N, Rojas OZ (2020) Rhythms and
prognosis of patients with cardiac arrest, emphasis on pseudo-pulseless
electrical activity: another reason to use ultrasound in emergency rooms
in Colombia. Int J Emerg Med 13(1):62

Israr S, Cook AD, Chapple KM, Jacobs JV, McGeever KP, Tiffany BR et al
(2019) Pulseless electrical activity following traumatic cardiac arrest: sign
of life or death? Injury 50(9):1507-1510

Atkinson PR, Beckett N, French J, Banerjee A, Fraser J, Lewis D (2019)
Does point-of-care ultrasound use impact resuscitation length, rates of
intervention, and clinical outcomes during cardiac arrest? A study from
the sonography in hypotension and cardiac arrest in the emergency
department (SHoC-ED) investigators. Cureus 11(4):e4456

Lien WC, Hsu SH, Chong KM, Sim SS, Wu MC, Chang WT et al (2018) US-
CAB protocol for ultrasonographic evaluation during cardiopulmonary
resuscitation: validation and potential impact. Resuscitation 127:125-131
Khunkhlai N, Koydul K, Khruekarnchana P (2017) Cardiac movement
identified on focused cardiac ultrasound and resuscitation outcome in
non-traumatic out-of-hospital cardiac arrest. Resuscitation 118:€85

Chua MT, Chan GW, Kuan WS (2017) Reversible causes in cardiovascular
collapse at the emergency department using ultrasonography (REVIVE-
US). Ann Acad Med Singap 46(8):310-316

Zengin S, Yavuz E, Al B, Cindoruk S, Altunbas G, Gumusboga H et al (2016)
Benefits of cardiac sonography performed by a non-expert sonographer
in patients with non-traumatic cardiopulmonary arrest. Resuscitation
102:105-109

Ozen C, Salcin E, Akoglu H, Onur O, Denizbasi A (2016) Assessment of
ventricular wall motion with focused echocardiography during cardiac
arrest to predict survival. Turk J Emerg Med 16(1):12-16

Kim HB, Suh JY, Choi JH, Cho YS (2016) Can serial focussed echocardio-
graphic evaluation in life support (FEEL) predict resuscitation outcome or
termination of resuscitation (TOR)? A pilot study. Resuscitation 101:21-26
Gaspari R, Weekes A, Adhikari S, Noble VE, Nomura JT, Theodoro D et al
(2016) Emergency department point-of-care ultrasound in out-of-hospi-
tal and in-ED cardiac arrest. Resuscitation 109:33-39

Bolvardi E, Pouryaghobi SM, Farzane R, Chokan NM, Ahmadi K, Reihani H
(2016) The prognostic value of using ultrasonography in cardiac resusci-
tation of patients with cardiac arrest. Int J Biomed Sci 12(3):110-114
Inaba K, Chouliaras K, Zakaluzny S, Swadron S, Mailhot T, Seif D et al
(2015) FAST ultrasound examination as a predictor of outcomes

after resuscitative thoracotomy: a prospective evaluation. Ann Surg
262(3):512-518

Ferrada P, Wolfe L, Anand RJ, Whelan J, Vanguri P, Malhotra A et al (2014)
Use of limited transthoracic echocardiography in patients with traumatic
cardiac arrest decreases the rate of nontherapeutic thoracotomy and
hospital costs. J Ultrasound Med 33(10):1829-1832

Cebicci H, Salt O, Gurbuz S, Koyuncu S, Bol O (2014) Benefit of cardiac
sonography for estimating the early term survival of the cardiopulmonary
arrest patients. Hippokratia 18(2):125-129

Tomruk O, Erdur B, Cetin G, Ergin A, Avcil M, Kapci M (2012) Assessment of
cardiac ultrasonography in predicting outcome in adult cardiac arrest. J
Int Med Res 40(2):804-809

Cureton EL, Yeung LY, Kwan RO, Miraflor EJ, Sadjadi J, Price DD et al (2012)
The heart of the matter: utility of ultrasound of cardiac activity during
traumatic arrest. J Trauma Acute Care Surg 73(1):102-110

Chardoli M, Heidari F, Rabiee H, Sharif-Alhoseini M, Shokoohi H, Rahimi-
MovagharV (2012) Echocardiography integrated ACLS protocol versus
conventional cardiopulmonary resuscitation in patients with pulseless
electrical activity cardiac arrest. Chin J Traumatol 15(5):284-287
Aichinger G, Zechner PM, Prause G, Sacherer F, Wildner G, Anderson CL
et al (2012) Cardiac movement identified on prehospital echocardiog-
raphy predicts outcome in cardiac arrest patients. Prehosp Emerg Care
16(2):251-255

Tarmey NT, Park CL, Bartels OJ, Konig TC, Mahoney PF, Mellor AJ (2011)
Outcomes following military traumatic cardiorespiratory arrest: a pro-
spective observational study. Resuscitation 82(9):1194-1197

Hayhurst C, Lebus C, Atkinson PR, Kendall R, Madan R, Talbot J et al (2011)
An evaluation of echo in life support (ELS): is it feasible? What does it
add? Emerg Med J 28(2):119-121

Breitkreutz R, Price S, Steiger HV, Seeger FH, llper H, Ackermann H

et al (2010) Focused echocardiographic evaluation in life support and

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 16 of 16

peri-resuscitation of emergency patients: a prospective trial. Resuscita-
tion 81(11):1527-1533

Schuster KM, Lofthouse R, Moore C, Lui F, Kaplan LJ, Davis KA (2009)
Pulseless electrical activity, focused abdominal sonography for trauma,
and cardiac contractile activity as predictors of survival after trauma. J
Trauma 67(6):1154-1157

Salen P, Melniker L, Chooljian C, Rose JS, Alteveer J, Reed J et al (2005)
Does the presence or absence of sonographically identified cardiac activ-
ity predict resuscitation outcomes of cardiac arrest patients? Am J Emerg
Med 23(4):459-462

Tayal VS, Kline JA (2003) Emergency echocardiography to detect
pericardial effusion in patients in PEA and near-PEA states. Resuscitation
59(3):315-318

Salen P, O'Connor R, Sierzenski P, Passarello B, Pancu D, Melanson S et al
(2001) Can cardiac sonography and capnography be used independently
and in combination to predict resuscitation outcomes? Acad Emerg Med
8(6):610-615

Blaivas M, Fox JC (2001) Outcome in cardiac arrest patients found to have
cardiac standstill on the bedside emergency department echocardio-
gram. Acad Emerg Med 8(6):616-621

Lalande E, Burwash-Brennan T, Burns K, Harris T, Thomas S, Woo MY et al
(2021) Is point-of-care ultrasound a reliable predictor of outcome during
traumatic cardiac arrest? A systematic review and meta-analysis from the
SHoC investigators. Resuscitation 167:128-136

Tran A, Fernando SM, Rochwerg B, Vaillancourt C, Inaba K, Kyeremanteng
K et al (2020) Pre-arrest and intra-arrest prognostic factors associated with
survival following traumatic out-of-hospital cardiac arrest—a systematic
review and meta-analysis. Resuscitation 153:119-135

Clattenburg EJ, Wroe P, Brown S, Gardner K, Losonczy L, Singh A et al
(2018) Point-of-care ultrasound use in patients with cardiac arrest is asso-
ciated prolonged cardiopulmonary resuscitation pauses: a prospective
cohort study. Resuscitation 122:65-68

Huis In 't Veld MA, Allison MG, Bostick DS, Fisher KR, Goloubeva OG,
Witting MD et al (2017) Ultrasound use during cardiopulmonary resus-
citation is associated with delays in chest compressions. Resuscitation
119:95-98

Clattenburg EJ, Wroe PC, Gardner K, Schultz C, Gelber J, Singh A et al
(2018) Implementation of the cardiac arrest sonographic assessment
(CASA) protocol for patients with cardiac arrest is associated with shorter
CPR pulse checks. Resuscitation 131:69-73

Gaspari R, Harvey J, DiCroce C, Nalbandian A, Hill M, Lindsay R et al (2021)
Echocardiographic pre-pause imaging and identifying the acoustic
window during CPR reduces CPR pause time during ACLS: a prospective
cohort study. Resusc Plus 6:100094

Hu K, Gupta N, Teran F, Saul T, Nelson BP, Andrus P (2018) Variability in
interpretation of cardiac standstill among physician sonographers. Ann
Emerg Med 71(2):193-198

Reynolds JC, Issa MS, Nicholson TC, Drennan IR, Berg KM, O'Neil BJ et al
(2020) Prognostication with point-of-care echocardiography during
cardiac arrest: a systematic review. Resuscitation 152:56-68

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Can absence of cardiac activity on point-of-care echocardiography predict death in out-of-hospital cardiac arrest? A systematic review and meta-analysis
	Abstract 
	Aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Search results
	Study characteristics
	Quality assessment
	Systematic review
	Meta-analysis

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


