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ABSTRACT

Aim of the review: This review aimed to evaluate the impact of Point-of-care
Ultrasound during cardio- pulmonary resuscitation for adult non-traumatic
CA on clinical outcomes and survival.

Data sources: This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The
PubMed and Embase databases were searched on 14 November 2022. The
eligibility criteria were studies including: adults with non-traumatic cardiac
arrest and Point-of-care Ultrasound utilisation, a control group, and an
analysis of short- and long-term outcomes and neurological outcomes. The
risk of bias and certainty of evidence were assessed using the Grading of
Recommendations Assessment, Development and Evaluation form. Data are
reported as risk of ratios for each outcome.

Results: From the two databases, 7658 studies were identified, of which 3
met the predefined eligibility criteria. The main findings showed no
difference in rate of return of spontaneous circulation (RR 0.83, 95% CI 0.24-
1.66, p=0.60) (very low certainty of evidence) and a significant decrease in
rate of survival to hospital discharge (RR 0.44, 95% Cl 0.22-0.88, p=0.02)
(very low quality of evidence). No study reported data regarding neurological
status at hospital discharge, 30-day survival rate, or neurological outcome.
Conclusion: The impact of Point-of-care Ultrasound during cardiopulmonary
resuscitation on clinical outcomes during cardiac arrest is hampered by the
very low certainty of evidence, heterogeneity, and high risk of bias. Studies
have shown no difference in return of spontaneous circulation but a
significant decrease in survival to hospital discharge when Point-of-care
Ultrasound was performed.
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Introduction
Point-of-care ultrasound (POCUS) has been

implemented as an assessment tool for free
fluids in

determining management in trauma cases,

cavities to aid surgeons in

known as Focused Assessment with
Sonography in Trauma, which was introduced
as a mandatory part of emergency medicine
in 2010." One emerging use of POCUS is to
evaluate cardiac activity or standstill. Cardiac
activity assessment can also be used to
identify pseudo-pulseless electrical activity
(PEA) which is the presence of ventricular
contractility with electrical activity but without
pulse? Pseudo-PEA may be caused by
reversible aetiologies such as pulmonary
embolism, hypovolaemia, tachydysrhythmia,
tamponade, and tension pneumothorax.’ The
largest study to date was a non-randomised,
prospective, observational, multicentre study
across the USA and Canada and included 793
patients with PEA or asystole and examined
cardiac activity with POCUS at the beginning
and end of resuscitation. Results showed that
33% of patients had cardiac activity which was
associated with the achievement of return of
(ROSC) (51% in
cardiac activity group) and a significant

spontaneous circulation

increase in survival to hospital discharge
(SHD) of 3.8%. Several studies have reported
that patients with cardiac activity who
POCUS examination
significantly higher degree of ROSC, survival
to hospital admission (SHA), and SHD.*?
Several POCUS protocols
developed to standardise POCUS utilisation

during cardiac arrest (CA).""" Most protocols

underwent have a

been

have

reflect expert opinions and have not been

validated. The earliest protocols, published in
2007, focused on assessment of the cardiac
view alone.” Later protocols include other
window views such as lung, deep vein
thrombosis, and abdomen/pelvis in their
algorithm. Point-of-care ultrasound utilisation
direct resuscitation

has a impact  on

management through pericardiocentesis,

thrombolysis, and insertion of thoracic
drainage in 12% (6/50) of cases.* Most recent
reviews and meta-analyses have focused on
the prognostic value and general application
of POCUS with reported sensitivities and
specificities on reversible aetiologies of CA,
cardiac activity, and clinical outcomes.? 22

Reynolds et al. published a systemic review
without meta-analysis because no
combination of studies had a sufficiently low
risk of bias, inconsistency, and imprecision.
Long et al. concluded that although recent
literature supports the diagnostic value of
POCUS, it
outcomes.?" %226 Current recommendations
for the use of POCUS during cardio-

pulmonary resuscitation (CPR) is based on the

does not impact clinical

review conducted by the International Liaison
Committee on Resuscitation (ILCOR) in 2015,
which included only one study by Prosen et
al.?’ 28 This review aimed to evaluate the
impact of POCUS during CPR for adult non-
traumatic CA on clinical outcomes and
survival. The secondary objective was to
conduct a follow-up review of the ILCOR
recommendations from 2015 and evaluate the
progression of the last 7 years of research on
POCUS is

performed during CPR for non-traumatic CA

the topic. Currently, widely

to increases the probability of survival in
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clinical practice. This review also aimed to
determine if sufficient data with adequate
certainty of evidence exists to support the current
recommendations and investigate the impact

of current practices on ROSC and survival.

Methods

SEARCH STRATEGY

In collaboration with an experienced librarian,
we developed a broad search strategy based
on the project protocol. Only the population,

intervention, and timeframe of the (PICOST)
format were included in the search string to
obtain a broad number of available articles.
The relevant search strings are provided in
Appendix A1. On the 14" of November 2022,
the first author conducted a systematic search
of the PubMed and EMBASE databases. All
references from both the included studies and
identified systemic reviews relevant to the
predefined inclusion criteria were manually
reviewed and included if they fulfilled the
eligibility criteria (Figure 1).

Articles identified

_| Articles removed before screening

PUbMED (n=3795
EMBASE (n=3863)

L4

Articles Screened

i Duplicate articles removed (n=241)

(n=7417)

¥

Articles sought for retrieval

Articles excluded
(n=7363)

(n=54)

Articles assed for eligibility
(n=53)

L

Articles included
(n=3)

Articles not retrieved
(=1}

}_

Articles excluded

Wrong comparator (n=19)
Wrong patient population (n=12)
Wrong study design (n=11)
Wrong outcomes (n=7)

Wrrong intervention (n=1})

Figure 1. A summarised flow diagram of the results of the literature search

ELIGIBILITY CRITERIA

The study question was designed using the
PICOST format: selected population (P),
adults (age >18 years) with non-traumatic CA

POCUS
CPR;
compared (C) to CPR performed without

(),

with

in any setting; intervention

performed in  conjunction

POCUS; primary outcome (O) for survival was
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ROSC, and the secondary outcomes were
SHD, 30-day survival, and neurological outcome;
study design (S), randomised controlled trials
and observational studies; timeframe (T), last
three decades (1992-2022). Studies meeting
the following exclusion criteria were excluded:
those concerning paediatric or traumatic CA;
reviews and meta-analyses; and studies where
the full text was not available in English or
Swedish from the Lund Universities subscription
or following request from the corresponding
author. All published peer-reviewed papers
fulfilling the eligibility criteria with obtainable
and comparable quantitative reported outcome
data for each treatment group (intervention
vs. control) for at least one of the pre-determined
outcome measurements were included.

INFORMATION SOURCES

The databases PubMed and EMBASE were
searched according to the predefined eligible
criteria on the fourteenth of November 2022.

SELECTION OF SOURCES OF EVIDENCE

Full-text study selection was conducted using
the Covidence Systemic Review Software
(Veritas Health
Australia), available at www.covicence.org.

Innovation, Melbourne,
Using predefined eligibility criteria, the first
author of this report independently screened
all titles and abstracts. Full-text versions of the
selected articles were obtained and reviewed
for assessment and eligibility. All uncertainties
regarding assessment and proper inclusion

were discussed with the supervisor (BMH).

DATA CHARTING PROCESS
Full-text study selection was conducted using

the Covidence Systemic Review software

(Veritas Health Innovation). Using predefined
eligibility criteria, the authors of this report

independently  screened all titles and
abstracts, but all uncertainties regarding
assessment and proper inclusion were

discussed with the supervisor (BMH). Full-text
versions of the selected articles were obtained
and reviewed for assessment and eligibility.
The following data categories were extracted
from the included studies: study population,
type,
enrolment, study aim, eligibility criteria, study

setting, country, study years of

arms, study arm size, operator and
ultrasonography window views, and main
results. A summary of these characteristics is

presented in Table 1.
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Table 1. Summary of the characteristics of included studies. Columns represent

items extracted to evaluate the characteristics of included studies.

First Subjects/ Sonograph
author, setting/ Year of Arms, nin each | operator and
year country Study type enrolment | Aim of study Inclusion Exclusion arm window view Window view
Chardoli | 100, ED, Prospective 2009 Examine utility of Patients with None stated Group A; ECHO Ultrasound Subxiphoid
2012 Iran interventional bedside pulseless evaluation and trained view only.
study echocardiography | electrical ACLS/ Group B; | emergency ECHO
in detecting activity ACLS only. physicians performed at
reversible first no flow
aetiology during N int/con= 50/50 time, during
cardiac arrest pulse check,
maximum
10sec.
Atkinson | 223, ED, Retrospective | 2010- Examine potential | Adult out-of- Termination of POCUS Competent Subxiphoid,
2019 Canada study 2014 relationship hospital cardiac | resuscitation OR assessment personal with parasternal or
between POCUS arrest due to end-of-life | during ACLS/ experience in apical four
use and the length decisions, in- POCUS not POCUS chambers
of resuscitation, hospital cardiac preformed.
the frequency of arrest
interventions and PCOUS group
clinical outcome was further
during cardiac stratified into
arrest positive cardiac
activity on
POCUS a
negative cardiac
activity on
POCUS.
N int/con=
144/43
Chou 210, ED, Retrospective | 2016- Determine the Adults, out-of- | Trauma-related ECHO All emergency | Video
2020 USA study 2017 association of hospital cardiac | arrest, pediatric preformed/ medicine recordings of
POCUS related to arrest and arrest, ROSC ECHO not residents and resuscitation
interruptions cardiac arrest before first pulse preformed. attending bays. ECHO
during while in ED check, lack of physicians preformed
cardiopulmonary chest compression | N int/con= received basic | subxiphoid
resuscitation with and lack of video 142/68 training. view and/or
patient’s outcome recordings parasternal
in ED view.
ED = emergency department, ECHO = echocardiography, ACLS = advanced cardiovascular life support, int/con = intervention/control group, POCUS = point-of-care ultrasound.

OUTCOME MEASURES
Outcome measurements defined as critical
with the Utstein

consensus definition of core elements in the

were in accordance
outcome domain and were as follows: ROSC,
survival to hospital discharge, 30-day survival,

and neurological outcome.*’

STUDY BIAS ASSESSMENT
The first author independently reviewed the
risk of bias of individual studies using the

GRADE assessment tool for observational

studies.* The Grading of Recommendations,
Assessment, Development, and Evaluations
system (GRADE) classifies study quality as

1"

either “very low”, “low”, “moderate”, or
"high”.3> 33 Reasons for downgrading an
article include risk of bias, inconsistency,
indirectness, imprecision, and publication
bias. Publication bias was not assessed, and
as a rule of thumb, conducting a funnel plot
asymmetry is advisable only when at least 10
studies are included in the meta-analysis, as

the power of the test is too low to differentiate
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between real asymmetry.”’ The decision to
use the GRADE system was based on the
ILCOR evidence evaluation which states that
the GRADE system is to be used when
assessing and reviewing resuscitation-related
questions.® All uncertainties regarding quality

assessment were discussed with the supervisor.

STATISTICS AND SYNTHESIS OF RESULTS

The meta-analyses utilised a random-effects
model and Mantel-Haenszel method in
RevMan software (Review Manager (RevMan,
[Computer program], 5.4, The
Cochrane Collaboration, 2020) with results

presented as risk ratio (RR), 95% confidence

Version

interval for dichotomous outcomes, and alpha
level of p<0.05. To measure heterogeneity of
results, the Higgins |? statistic was utilised.?**
As a small study sample and low numbers of
studies are provided in this meta-analysis, a p-
value <0.10 or I? statistic >50% indicated
substantial heterogenicity.? ** When a meta-
analysis was not appropriate, a narrative
synthesis was provided.

Results

SEARCH RESULTS AND SELECTION OF ARTICLES
A total of 7658 studies were identified during
the initial search of the two databases. A total
of 241 were removed because they were
duplicates, resulting in the review of titles and
abstracts of 7417 unique original papers. A total
of 7363 studies were deemed irrelevant, leaving
54 studies reviewed for eligibility via full-text
assessment. Altogether, three studies that
fulfilled the predefined eligibility criteria were
included in the current meta-analyses.*
Nineteen articles were identified as having

incorrect comparators, most often having no

comparator at all, and were excluded. One
study by Pyo et al.*® appeared to meet the
inclusion criteria but was excluded after a
discussion with the supervisor. The study had
no available data to provide information meeting
the predefined eligibility criteria for this meta-
analysis, as stratification of no POCUS and
POCUS study groups was pooled together in
the reported outcome measures.” Efforts
were made to resolve this by emailing the
corresponding author of the article, but this
failed as no answer was received. A summary
flow diagram presenting the search results
and selection of articles is presented in Figure 1.

ARTICLE TYPES AND PUBLICATION YEARS
All included studies were observational and
of 533 patients®¥.
Publication dates were between 2012-2020
with the year of enrolment of patients in the
studies between 2009-2017.

included a total

DESCRIPTION  OF REGIONS,

PERFORMANCE, AND PERSONNEL
The three included studies were conducted in
Iran%, Canada®®, and the USA¥. All studies
were set in the emergency department (ED),

POCUS

with one study exclusively enrolling adults
with out-of-hospital cardiac arrest (OHCA),
one study with OHCA patients and patients
who experienced CA in the ED, and the last
study involved PEA including CA in the ED.
These three studies used POCUS with the
subxiphoid view, two studies utilised the
parasternal view, and one study utilised the
apical four-chamber view. The sonographer
was either an ultrasound-trained emergency
medicine (EM) physician, a person competent
in POCUS, or a senior EM physician or resident
EM physician with basic training in POCUS.
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No specific POCUS protocol was used for any
study. The aims of the included studies were
as follows: to examine the effectiveness of
POCUS for identifying a reversible aetiology
during CA, to examine the relationship
between POCUS utilisation with length of

resuscitation with a focus on the frequency of

intervention impacting clinical outcomes
during CA, and to examine the association
between POCUS-related interruptions during
CPR and clinical outcomes. A summary of

study characteristics is presented in Table 2.

Table 2. Quality of the included studies. Studies are assessed using the Grading of

Recommendations Assessment, Development and Evaluation assessment tool for

observation studies. Studies are judged in four domains of risk of bias in three

classifications, and summarised as low, unclear, or high risk of bias.

First author, year | Eligibility criteria | Exposure/outcome | Confounding | Follow up
Atkinson 2019 Low Low High® Low
Chardoli 2012 Unclear® ¢ Low High® Highd
Chou 2020 Low Highe® Low Low

2Assumed or confirmed aetiology of cardiac arrest unreported, *Enrolled convenience sample of
subjects, “Unclear classification of cardiac arrest, “Clinical outcome beyond return of spontaneous

circulation not measured, ¢Point-of-care ultrasound was no protocolised.

CERTAINTY OF EVIDENCE

Overall, the quality of included studies was
low. Studies tended to have a high risk of bias
in  the
confounding factors, and follow-up. Atkinson

domains of exposure/outcome,
et al.’s study presented with a high risk of bias
regarding confounding factors, as suspected
or confirmed data on the aetiology of CA
were not presented.* Chardoli et al.’s*® study
presented with the same issue, as well as an
unclear risk of bias regarding the eligibility
criteria as the enrolled patients were a
convenient number of 100 patients with 50 in
each study arm and they did not provide
classification of type CA. Moreover, Atkinson

et al.*® and Chou et al.*’ received a high risk of

bias for exposure/outcome because the
POCUS examinations were not protocolised.
Chardoli et al. also had a high risk of bias
regarding follow-up, as no long-term survival
outcomes were presented.*® A summary of
study quality is presented in Table 3.
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Table 3. Summary of findings addressing the research question, does POCUS

utilisation improve survivability during CPR in adults with non-traumatic cardiac
arrest? The basis of the anticipated number and its 95% CI for ROSC and SHD
expected when POCUS is used during CPR are based on the relative effect available

from case analysis. Relative effect is expressed as risk ratio.

Outcome | Author Subjects (n)/ | Anticipated absolute effect (95% Cl) Risk ration Certainty of
location/ range evidence
study design POCUS Control

ROSC Atkinson 323 (2 studies) 291 per 1,000 333 per 1,000 0.83 Very low P
(2019) OHCA & IHCA (147 to 582) @ [0.42-1.66] due to
Chardoli Observational imprecision
(2012)

SHD Atkinson 433 (2 studies) 47 per 1,000 129 per 1,000 0.44 Very low b
(2019) OHCA & IHCA (25 to 95) © [0.23-0.89] due to
Chou Observational imprecision
(2020)

POCUS = point-of-care ultrasound, CPR = cardiopulmonary resuscitation, Cl = confidence interval, ROSC = return of spontaneous

circulation, OHCA = out-of-hospital cardiac arrest, IHCA = in-hospital cardiac arrest, SHD = survival to hospital discharge, ACLS

= advanced cardiovascular life support. 2Anticipated absolute effect expected ROSC, no significant difference (p=0.52), ®Serious

imprecision due to low number events of patient survival in included studies to ensure sufficient precision in data, “Anticipated

absolute effect of expected SHA, a significant decrease of survival in patients with POCUS utilisation (p=0.02).

MAIN RESULTS

Two observational studies reported ROSC. 3%
There was a total of 323 patients with sample
sizes of 100 and 223, respectively. One
prospective interventional study on adult CA
with PEA with unspecified background causes
and one retrospective study on adult OHCA
were included. However, there was no
significant difference in the rate of ROSC with
the use of POCUS during CPR (RR 0.83, 95%ClI
0.24-1.66, p=0.60; Figure 2, low quality of
evidence). The certainty of evidence was
downgraded owing to imprecision, as the
total number of events reported (91 events)
was below 100, which did not meet the
size.®

threshold for optimal information

Moreover, substantial heterogeneity was

detected (1?=71%). A plausible explanation for

the identified heterogeneity could be the
different study populations, study aims, study
designs, and POCUS windows used.
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POCUS Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Atkinson 2019 4 180 17 43 533.8% (.60 [0.38, 0.95] i+
Chardali 2012 17 50 14 50 48.29% 1.21[0.67, 219) —
Total (35% CI) 230 93 100.0% 0,83 [0.42, 1.66] E
Total events 60 K)
Heterogeneity: Tau? = 0.17; Chi? = 343, df = 1 P = 0.06); P = T1% l l ; l l
rogenely. Tau”= 0.17, Chi* = 343, df =1 (P = 0.06); 001 01 1 0 100
Test for overall effect: Z = 0,52 [F' = D'C"E'] Favours BOCUS  Favours Contral

Figure 2. Forest plot over return of spontaneous circulation outcome for POCUS utilisation and CPR vs.
control group, CPR only. A random-effects model and Mantel-Haenszel analysis are utilized. Estimated

effects are presented as RR. POCUS = point-of-care ultrasound, CPR = cardiopulmonary resuscitation, RR

= risk ratio, Cl = confidence interval.

Two observational studies reported data on
SHD in a total of 427 patients with sample
sizes of 213 and 223, respectively.® * Both
were retrospective studies representing adult
OHCA, and one also included CA in the ED.

was below 100 and did not meet the
threshold for optimal information size.”®* No
detected

(1’=0%). A summary of these findings is shown

substantial heterogeneity was

in Figure 3.

There was a significant difference in the rate
of SHD, favouring the control group (RR 0.44,
Cl 95 % 0.22-0.88, p=0.02, Figure 3, very low
quality of evidence). The certainty of evidence
was downgraded owing to imprecision, as the
total number of events reported (29 events)

Risk Ratio
M-H, Random, 95% ClI

-
<o

POCUS Control Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl
Atkinson 2019 3 T 3 40 19.3% 0.2310.05, 1.08]
Chou 2021 12 142 11 68 80.7% 0.52 [0.24,1.12)

Total (95% CI) 319 108 100.0%

Total events 15 14
Heterogeneity: Tau® = 0.00; Chi# = 0.89, df = 1 (P = 0.35); P = 0% {
Test for overall effect: Z=2.31 (P =0.02)

0.4 [0.22, 0.88]

0.01 0.1 1 10 100
Favours Control Favours POCUS

Figure 3. Forest plot over survival to hospital discharge analysis results POCUS utilisation and CPR vs.
control group, CPR only. A random-effects model and Mantel-Haenszel analysis are utilized. Estimated
effects are presented as RR. The blue squares represent the effects of individual studies. POCUS = point-
of-care ultrasound, CPR = cardiopulmonary resuscitation, RR = risk ratio, Cl = confidence interval.
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The study by Atkinson et al.* was the only
included study which presented SHA data;
therefore, no meta-analysis was conducted
because of an insufficient number of available
studies. The study’s available data reported a
higher rate of SHA in patients with cardiac
activity on POCUS (33.3%, 95% ClI 13.2-53.5,
p<0.001) compared to those with no activity
(6.9%, 95% CI 2.97-10.86). The study
revealed no SHA advantage in the POCUS-
pooled group and the no POCUS examination
group, with or without cardiac activity.
However, no such analyses were reported in
this article. None of the studies reported data
on neurological status at hospital discharge,
30-day survival rates, or neurological outcomes.

ADDITIONAL FINDINGS

One study reported the impact of resuscitation
length and intervention frequency.*® The
mean duration of resuscitation efforts were
longer in patients receiving POCUS with
cardiac activity (27.33, 95% CI 17.7-37.0 min)
than those with no cardiac activity (11.51,
95%Cl 10.2-12.8 min) and longer in patients
who did not receive POCUS examination
(14.36 min, 95%Cl 9.89-18.8 min, p=0.001).
Moreover, a higher frequency of intervention
was observed in patients undergoing POCUS
with cardiac activity. A higher rate of
endotracheal intubation was reported in
patients with POCUS with cardiac activity
(95.23%, 95% Cl 86.13-104.35%) compared
to patients with POCUS without cardiac
activity (46.54%, 95% Cl| 38.79-54.29%) and
those receiving no POCUS (65.11%, 95% ClI
50.87-79.36, p<0.001). The same pattern was
seen with epinephrine administration for
those with cardiac activity (100%, 95%CI 100~

100%) compared to those without cardiac
activity (82.39%, 76.50-88.31%) and those
receiving no POCUS (81.39%, 95% CI 69.76—
93.03%), p<0.001). Another included study by
Chou et al.?” reported a positive association
between SHD and an optimal
echocardiography (ECHO)-interrupted no-
flow time of between 77 s-122 s (OR 7.31, ClI
95 % 1.59-33.59, p=0.01) and ECHO-related
interruption <2 (OR 5.55, 95% Cl 2.44-12.61,

<0.001).

Discussion

The evidence for ROSC and SHD had a very
low certainty of evidence when using the
GRADE system, suggesting that the true
effect might be substantially different from
the estimated effect, giving us very little
confidence in the findings of this paper.* The
rating of very low categorisation of both
measured outcomes stems from the approach
that initially ranks observational studies as low
certainty of evidence and from a downgrade
due to the imprecision of the included studies.
This imprecision stems from the low number
of events reported. Both meta-analyses only
contained two studies each, with one study
included in both analyses. Moreover, they had
a low number of enrolled patients and did not
obtain a satisfactory number of events to avoid
downgrades due to imprecision. Therefore, the
risk of bias in the included studies was categorised
as high. The studies were rated as high-risk or
unclear in one or several risk-of-bias domains.
Previous reviews have also concluded that a
high risk of bias exists in published studies in
the field and there is a lack of evidence on

outcome improvements.?? 2% This produces
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a further concern in our interpretation of the
main findings, as previous data reporting on
risk of bias on a general sample of disease and
intervention show that a high risk of bias tends
to create an over- or underestimation of the
true effect.’> ' This review involved a low
number of studies with few events, and the
included studies were observational in design
with a high risk of bias. The obvious solution
to these limitations is to conduct randomised
control trials with greater patient populations
and with the specific aim of measuring clinical
outcomes. The diagnostic value of POCUS
during advanced cardiovascular life support
(ACLS) has earned it a modest recommendation
and its implementation during CPR is considered
good clinical practice according to the current
American Heart Association guidelines.®
Attrition bias due to the exclusion of reversible
diagnoses could exclude many positive
outcomes. Moreover, patients requiring POCUS
cannot provide consent for inclusion in clinical
trials. This creates an unthinkable scenario in
which the value of science triumphs over the
good of the patient. This leaves us with the
option of analysing observational studies with
or without comparators and accepting the
difficulties associated with obtaining high
certainty of evidence of the role of POCUS
and management implications during CPR.
Current studies in the field aim to answer
research questions related to prognostic and
diagnostic value, cardiac activity, education in
examination, and to ensure that POCUS

interruptions of chest compressions are kept
short 5,20, 21-23, 38, 44, 46

Taking the main findings of the current study
at face value, POCUS during CPR did not

influence ROSC, but there was a significant
decrease in SHD. These estimated effects
could be explained by both the direct effect
of POCUS and indirect effects of confounders
emerging during inpatient interventions
dependent on the aetiology of CA, clinical
history, current clinical status, and hospital
practice. Of the included studies, only Chou
et al. included a sufficient analysis of
independent variables in the baseline patient

characteristics.

The greatest concern for POCUS utilisation
during CPR is the interruption of chest
compressions. Unnecessary interruptions can
endanger CPR quality and potentially increase
the time to ROSC. Shorter duration of CPR is
proportionately and positively associated with
achieving ROSC and good neurological
outcomes.”® A longer duration of downtime
between onset of CA to ROSC is significantly
correlated with a decreased chance of good
neurological outcomes.”” As such, a plausible
explanation is that extension of CPR duration
resulting in adverse effects such as loss of
circulation due to POCUS utilisation, which
results in a sustained rate of ROSC, but a
lower rate of long-term SHD. This dynamic
probability of SHD has also been reported to
be independently associated with the CPR
duration required to achieve ROSC."

Additionally, Chou et al. reported on the non-
linear association of increased probability of
SHD due to ECHO-related no-flow time
between 77 s and 122 s.*” The results of the
study also
survivability when there were <2 POCUS-

indicated an increase in

related interruptions during CPR. This infers
that if enough time is given to POCUS
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utilisation to rule in or out reversible

aetiologies, without lingering, an extra
window of probability for achieving ROSC is

obtained.

POCUS
changes the rate of
effort  and

with a greater

As shown by Atkinson et al,
examination also
resuscitation resuscitation
management, extent of
utilisation of endotracheal intubation and
epinephrine administration.*> This finding
could be interpreted as POCUS findings lead
to better resuscitation management or as
evidence of a self-fulfilling prophecy in which
clinicians extend management effort to
achieve ROSC in patients with cardiac activity
on examination. Gaspari et al. provided
evidence of this self-fulfilling prophecy
whereby extended CPR durations were
provided to patients with indications of
cardiac activity from POCUS utilisation.* In
previous studies by Kim et al. and Lien et al.,
a predetermined mandatory 30 min of CPR
was included prior to termination of
resuscitation to eliminate the risk of this self-
fulfilling prophecy.*” *® The study by Pyo et
al.;®® which was excluded from the current
review because of no comparator, conducted
a pre- and post-intervention study to compare
POCUS
implications for education and implications of
the modified SEASAME protocol. The
reported results indicated an increase in
POCUS utilisation from 32.2% to 78.9% pre-

vs.  post-intervention.  No

non-specific examination  with

significant
differences in SHA, SHD, or neurological

outcomes were observed. Resuscitation

management compromising thrombolysis,

emergency transfusion, tube thoracotomy,

and pericardiocentesis had significantly
increased from pre- to post-intervention 0.6%

vs. 4.9% (p=0.016).%

Changes to resuscitation management due to
POCUS utilisation during CPR have been
reported  in  pre-hospital  helicopter
emergency services in the Netherlands, and
POCUS utilisation changed treatment plans in

21% of patients.”'

LIMITATIONS

In the article by Chardoli et al.,* data were
pooled for observation of the assessment of
bias, a meta-analysis, and certainty of
evidence of ROSC outcomes. The reason for
this  decision was the rudimentary
methodology presented by Chardoli et al.,
which produced hesitation if the study fulfilled
the definition of a clinical interventional study.
In addition, the current review used traumatic
CA as an exclusion criterion, and Chardoli et
al.* defined the inclusion criteria as CA with
PEA presented in the ED. Chardoli et al.*
suggested a distinction between traumatic
and non-traumatic  patients. Uncertainty
regarding the traumatic arrests did occur;
however, they were included in the current
review after discussion with the supervisor. To
address these limitations, Chardoli et al.’s*
study could have been defined as an
interventional study. However, the results of
the meta-analysis would not change even if
subgrouping had occurred, and although the
certainty of evidence would have been
conducted differently, the same conclusion of
a very low rating would have been achieved.
Instead, the risk of bias was assessed in
randomised controlled trials. Alternatively,

this study should have been excluded from
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the current review because of the uncertainty
of the eligibility criteria. Another limitation
was that this review was not registered in
International Prospective Register of Systematic
Reviews (PROSPERO) which is register that
provide a comprehensive listing of systematic
reviews registered at inception to help avoid
duplication and reduce opportunity for
reporting bias. The first author of this report
independently screened all titles and abstracts
which could be a limitation, however, all
uncertainties regarding assessment and proper
inclusion were discussed with the supervisor.

Conclusion

Our meta-analysis found a significant
decrease in SHD and no difference in ROSC

during POCUS use. These findings were
hampered by the very low certainty of
evidence and high risk of bias. Heterogeneity
was detected in the meta-analysis of ROSC.
As such, we cannot conclude that POCUS
utilisation is a tool that impacts clinical
outcomes during CPR. This review identified
that additional studies that specifically
evaluate clinical outcomes are critical so that
a larger number of events can be evaluated,
and the possibility of a large effect size is
increased. In addition, a more protocolised
of POCUS is
recommended. This should be conducted to

and unified application
address imprecision, lack of effect, and high
risk of bias to obtain a higher certainty of
evidence.
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