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Abstract

Aim: To perform a systematic review of cardiopulmonary resuscitation (CPR) and/or defibrillation in the prone position compared to turning the
patient supine prior to starting CPR and/or defibrillation.

Methods: The search included PubMed, Embase, Web of Science, Cochrane, CINAHL Plus, and medRxiv on December 9, 2020. The population
included adults and children in any setting with cardiac arrest while in the prone position. The outcomes included arterial blood pressure and end-tidal
capnography during CPR, time to start CPR and defibrillation, return of spontaneous circulation, survival and survival with favorable neurologic out-
come to discharge, 30 days or longer. ROBINS-I was performed to assess risk of bias for observational studies.

Results: The systematic review identified 29 case reports (32 individual cases), two prospective observational studies, and two simulation studies.
The observational studies enrolled 17 patients who were declared dead in the supine position and reported higher mean systolic blood pressure from
CPR in prone position (72 mmHg vs 48 mmHg, p < 0.005; 79 + 20 mmHg vs 55 + 20 mmHg, p = 0.028). One simulation study reported a faster time
to defibrillation in the prone position. Return of spontaneous circulation, survival to discharge or 30 days were reported in adult and paediatric case
reports. Critical risk of bias limited our ability to perform pooled analyses.

Conclusions: We identified a limited number of observational studies and case reports comparing prone versus supine CPR and/or defibrillation.
Prone CPR may be a reasonable option if immediate supination is dicult or poses unacceptable risks to the patient.
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Introduction

Prone positioning is recommended for severe hypoxemic respiratory fail-
ure, based on clinical trial data showing decreased mortality with this
treatment.” It has been utilized increasingly since the COVID-19 pan-
demic for patients with acute respiratory distress syndrome (ARDS)
and severe hypoxemia. Multiple investigators have reported improve-
ments in hypoxemia related to COVID-19 with prone positioning in
patients being treated with invasive mechanical ventilation, extracorpo-
real life support, and those on noninvasive respiratory support (e.g.
high-flow nasal cannula or continuous positive airway pressure).”>
Due to this increased use of prone positioning, the question of how to
proceed when a patient has a cardiac arrest while in the prone position
has become increasingly relevant. Patients who are prone when they
experience a cardiac arrest, especially if intubated and sedated, can
be challenging to turn supine quickly. Furthermore, turning such a patient
supine prior to starting cardiopulmonary resuscitation (CPR) will neces-
sarily lead to some delay in chest compressions. The prior recommenda-
tion from the American Heart Association (AHA) has been to perform
CPR in the supine position whenever possible, only performing CPR with
a patient in the prone position if supination is not feasible or safe.®’
Interim COVID-19 guidance for cardiac arrest from the AHA states that
leaving patients with an advanced airway in the prone position for CPR
with hands in the standard position over the T7/10 vertebral bodies
should be considered unless they can safely and rapidly be turned
supine.?* The interim guidance on COVID-19 from the International Liai-
son Committee on Resuscitation (ILCOR) did not provide any treatment
recommendations regarding CPR in the prone position."°

In 2020, the ILCOR Advanced Life Support (ALS) and Basic Life
Support (BLS) Task Forces determined that there was sufficient need
for guidance on the best approach to initiating CPR in prone patients,
and that a new Consensus on Science and Treatment Recommenda-
tions (CoSTR) should be developed. ILCOR generates CoSTRs, based
on systematic reviews, to provide some guidance that can then be used
for regional and national councils to develop their own guidelines as
they deem appropriate. Two scoping reviews and one systematic
review have been published recently on the topic of CPR in the prone
position.""""® However, the previous systematic review'' did not
include patients who suffered from cardiac arrest while prone and were
turned supine prior to initiation of CPR, limiting any ability to compare
the two approaches. The scoping reviews'>' did not include bias
assessments or certainty of evidence, and therefore cannot be used
to generate new ILCOR treatment recommendations.

The ILCOR ALS and BLS Task Forces, together with the Paedi-
atric Life Support Task Force, therefore proceeded with the following
systematic review to determine whether performing CPR and/or
defibrillation while the cardiac arrest patient remains in the prone
position as compared to turning the patient supine prior to initiation
of CPR and/or defibrillation improve clinical outcomes to inform the
2021 ILCOR CoSTR."*

Methods

Protocol and registration
The protocol for this review was prospectively submitted to the Inter-
national Prospective Register of Systematic Reviews (PROSPERO)

on January 11, 2021 (registration number CRD42021230691). The
protocol is provided in the Supplemental contents. This systematic
review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.'® The PRISMA
checklist is provided in the Supplementary contents. This review
was commissioned at no cost by ILCOR and was carried out by
ILCOR Task Force (unpaid) members and other volunteers.

Eligibility criteria and outcomes

The study question was framed using the PICOST (Population, Inter-
vention, Comparison, Outcome, Study Design, Time frame) format: in
adults and children in any setting (in-hospital or out-of-hospital) with
cardiac arrest occurring while in the prone position (P), does perform-
ing CPR and/or defibrillation while the patient remains in the prone
position (I) as compared to turning the patient supine prior to initiation
of CPR and/or defibrillation (C) improve clinical outcomes (O).

Relevant outcomes were prioritized by the ILCOR ALS and BLS
Task Forces and based on the available literature. We included arte-
rial blood pressure during CPR, time to initiation of CPR, time to
defibrillation for shockable rhythms during CPR, end-tidal carbon
dioxide (ETCO2) during CPR, return of spontaneous circulation
(ROSC), survival and survival with favorable neurologic outcome to
discharge, 30 days or longer.

Randomized controlled trials (RCTs) and non-randomized stud-
ies (non-randomized controlled trials, interrupted time series, con-
trolled before-and-after studies, cohort studies), case series, case
reports, simulation studies, and animal studies were eligible for inclu-
sion. Case series and case reports were included as the writing
group was aware that the human data on prone CPR are extremely
limited, consisting primarily of case reports. Unpublished studies
(e.g., conference abstracts, trial protocols) and editorials were
excluded, although case reports published in letter form were
included. Scoping reviews and systematic reviews were included
for discussion and to assure no primary papers were missed, but
data were not extracted from these reviews.

Information sources and search strategy

All years and languages were included as long as there was an Eng-
lish abstract. The search was conducted on December 9, 2020 and
included the databases of PubMed, Embase, Web of Science,
Cochrane, CINAHL Plus, and medRxiv. Clinicaltrials.gov and PROS-
PERO were searched for ongoing or other completed studies. The
search strategy is provided in the Supplemental content.

Study selection

Two reviewers, using pre-defined screening criteria, independently
screened all titles and abstracts retrieved from the systematic
search. Any disagreements regarding inclusion or exclusion were
resolved by discussion between the reviewers and with two addi-
tional reviewers as needed. The Kappa-values for interobserver vari-
ance were calculated. The two reviewers then reviewed the full text-
reports of all potentially relevant publications passing the first level of
screening. Any disagreement regarding eligibility was resolved by
discussion.

Data collection
Two reviewers, using a pre-defined standardized data extraction
form, extracted data from individual studies. Any discrepancies in
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the extracted data were identified and resolved by discussion and
consensus.

Risk of bias in individual studies

Four investigators (working in pairs of two) independently assessed
risk of bias using the ROBINS-I tool for observational studies'® and a
tool adapted from Murad et al. to assess the methodological quality
of case reports.'”” For ROBINS-I, risk of bias is assessed within
domains including: (1) bias due to confounding, (2) bias in selection
of participants into the study, (3) bias in classification of interven-
tions, (4) bias due to deviations from intended interventions (5) bias
due to missing data, (6) bias in measurement of outcomes, (7) bias in
selection of the reported result, and (8) overall bias.'® The method-
ological quality of case reports was assessed using four domains:
selection, ascertainment, causality, and reporting.'” Disagreements
were resolved by discussion. Risk of bias was assessed by outcome
but reported by study, as the risk of bias was similar across
outcomes.

Data synthesis and confidence in cumulative evidence
From the writing group’s knowledge of the evidence, it was thought
that the risk of bias in the available evidence, consisting primarily
of case reports and small observational studies, would be too high
to allow for meta-analysis. A narrative synthesis was therefore the
primary plan, but the approach to meta-analysis and assessment
of heterogeneity in the case of evidence being more robust than
anticipated was detailed in the protocol, which is provided in the Sup-
plemental content. If feasible, we planned to provide the narrative
synthesis for adult and paediatric studies separately, medical and
surgical cases separately, as well as for the entire group.

Results

Study selection

Our search identified 823 unique titles/abstracts, of which 738 were
excluded based on initial review of the abstracts (Kappa = 0.66).
After full-text review of 85 papers, an additional 60 studies were
excluded, and 7 were added after review of bibliographies of prior
review papers identified, leaving 32 studies for inclusion (Kappa for
full text review = 0.94; Fig. 1 PRISMA). In total, 29 case reports (de-
scribing 32 individual cases), 2 prospective nonrandomized studies,
one simulation study, and one simulation study reported in conjunc-
tion with one of the 29 case reports were included. A tabulated over-
view of these studies is provided in the Supplemental content.

Observational studies

We identified only two human observational studies, enrolling a total
of 17 patients in the intensive care unit who had already been
declared dead due to failure to achieve ROSC with conventional
CPR in the supine position.®'® These studies were deemed at critical
risk of bias due primarily to confounding and, in the case of one
study, '® incomplete reporting of the outcome (Table 1). Due to the
critical risk of bias, no meta-analysis was performed. Certainty of evi-
dence assessed as very low for both studies due to risk of bias, indi-
rectness, and imprecision (Table 1). Blood pressure during CPR was
the only reported outcome, and the investigators compared blood
pressure achieved with prone compressions to blood pressure during
compressions delivered with the patient supine. Both studies
reported significantly higher mean systolic blood pressure during

prone compressions (72 mmHg vs 48 mmHg, p < 0.005°,
79 + 20 mmHg vs 55 + 20 mmHg, p = 0.028'%, while only one found
a significant increase in mean diastolic pressure with prone compres-
sions (34 mmHg vs 24 mmHg, NS°, 17 = 10 mmHg vs 13 + 7 mmHg,
p = 0.028'%. Supine data were missing in 3/11 patients from one
study.'®

Case reports

All case reports were considered at critical risk of bias. Of the twenty
adult case reports (Table 2), twelve had CPR commenced in prone
position'9° and eight were supinated prior to commencement of
CPR.2""%" Of the 12 paediatric case reports (Table 3), 11 had CPR
commenced prone position®?**~*¢ while one was supinated prior to
initiation of CPR.*” Of the 32 case reports (20 adult and 12
paediatric), 31 cases (19 adult and 12 paediatric) were of patients
in a prone position in the operating room, most often with head fixa-
tion or ongoing surgery or instrumentation that could considerably
hinder the ability to safely and quickly turn the patients to supine
position. Only one adult case was a patient in the prone position in
the intensive care unit.*

Resuscitation outcomes

Comparison of commonly reported outcomes from prone vs supine
CPR are shown in Table 2 (adult case reports) and 3 (paediatric case
reports). The critical outcome of time to CPR was reported in eight
adult cases'9?22427:29.30.3235 and geven paediatric cases.??%®"
404344 Time to CPR for all except for one adult case report®® were
only reported qualitatively or not reported at all. ‘iImmediate’ prone
CPR was reported in six adult cases'®?%24272°30 and seven paedi-
atric cases.?**%*0434% One adult case reported CPR ‘immediately’
after supination®® and one adult case reported CPR commenced
after supination 6 min following cardiac arrest.>*®> Two simulation
studies reported that the time to supinate the patient was 50 + 34
s*® and 110 s.?' The mean time to start chest compressions in
supine position was 77 + 31 s in one simulation study.*®

We identified one simulation study that reported time to prone
defibrillation without chest compressions of 22 s (1 group) compared
with a mean time of 108 + 61 s (13 groups) when the patient was
supinated for CPR and defibrillation.*® Time to defibrillation was
not reported in any adult or paediatric case report.

Return of spontaneous circulation was reported in all studies.
Occurrence of ROSC in those with CPR started prone vs supine is
presented in Tables 2 and 3. ETCO2 during CPR in the prone posi-
tion was reported in five adult cases,?*2>°%3* with values ranging
from 15 mmHg®® to 33 mmHg®; and two paediatric cases both of
which reported ETCO2 > 10 mmHg with prone compressions.**“®

Outcomes at hospital discharge

Survival to hospital discharge with favourable neurological outcome
was not explicitly reported in any adult or paediatric case. There were
implicit reports of survival to hospital discharge with favourable neu-

rological outcome in eight adult cases (‘without neurologic deficit®';

‘no cerebral injury’®®; ‘recovered uneventfully’®®; ‘without deficits™>;

‘awake and well oriented at 7 days’?; ‘without sequelae’®*; ‘could

carry out simple tasks’*®; and ‘discharged from hospital in a stable
neurological condition”®®) and seven paediatric cases (‘ho evidence

of significant cerebral dysfunction®®; ‘returned to baseline over two
339, «

weeks™’; ‘recovered without sequelae’’; ‘no adverse neurological

sequelae™’; ‘in good condition’®”; ‘made an uneventful recovery®®;

and ‘unchanged from preoperative status’*?).
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945 studies screened

122 duplicates

823 studies screened

740 duplicates

83 full text screened

58 excluded

19 wrong patient population
14 abstract only

11 reviews
7 duplicates

25 papers included

6 wrong intervention
1 simulation w/ no comparator

7 from outside of search »

32 papers included

Fig. 1 - PRISMA Diagram.

Table 1 - Bias assessment for observational studies.

Author YearConfoundingSelectionClassification of Deviation from intended Missing ~ OutcomesSelective Overall
intervention intervention data reporting

Mazer'®2003Critical Serious Low Low Low Low No information Critical

Wei'”  2006Critical Serious Low Low Critical  Critical No information _Critical

Survival to hospital discharge was explicitly reported in 13 adult
cases??:?1:2324.28.30-36 and 11 paediatric cases.?®***>*” Survival
to 30 days or longer was reported in only one adult case where
CPR was initiated prone® and six adult cases®'~>* supinated before
CPR started. Five paediatric cases reported the outcome of survival
to 30 days or longer.>84%4344 Qutcomes by prone/supine CPR initi-
ation are summarized in Tables 2 and 3.

Outcomes at 30 days or longer

Survival with favourable neurological outcome at 30 days or longer
was not explicitly reported in any adult or paediatric case. There were
implicit reports of survival with favourable neurological outcome at
30 days or longer in two adult cases (‘without deficits™*; ‘able to per-
form his work and activities of daily living independently”®®) and two
paediatric cases (‘no abnormal neurological signs . .. within accepted

limits for achondroplasia’®; ‘recovered without sequelae’).

Discussion

In this systematic review on prone vs supine CPR/defibrillation, only
a limited number of prospective nonrandomized studies, case
reports, and simulation studies were identified. The lack of compar-
ative studies examining any clinical outcomes leaves us without
any real evidence for whether immediate supination or provision of
chest compressions and/or defibrillation in the prone position is most
beneficial. Supine CPR remains best practice and is known to be
effective. However, the very limited evidence available suggests that
prone CPR can produce adequate hemodynamics and may be a rea-
sonable option if immediate supination is difficult or poses unaccept-
able risks to the patient.

The aetiology of cardiac arrest may also influence the urgency of
supination. For example, a primary airway problem such as a dis-
lodged tracheal tube may require immediate supination, whereas
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Table 2 - Reported outcomes for CPR commenced in prone vs supine position: 20 adult cases.

Adult: CPR commenced prone (n = 12)'%~%°

Adult: patient supinated before CPR (n = 8)*'%7

Studies reporting

Achieving outcome

Studies reporting Achieving outcome

ROSC 12 12/12
Survival to hospital discharge 5 5/5
Survival to 30 days or longer 1 11

8 3/8
7 217
6 2/6

ROSC = return of spontaneous circulation.

Table 3 - Reported outcomes for CPR commenced in prone vs supine position: 12 paediatric cases.

Paediatric: CPR commenced prone (n = 11)

29.38-46  paediatric: patient supinated before CPR (n = 1)*’

Studies reporting

Achieving outcome

Studies reporting Achieving outcome

ROSC 11 10/11 1 11
Survival to hospital discharge 10 7110 1 11
Survival to 30 days or longer 5 2/5 0 NA
ROSC = return of spontaneous circulation.
the need for haemorrhage control during surgery in the prone posi- Conclusions

tion may necessitate CPR in the prone position. The difficulty of
supinating a patient will vary widely based on patient size, personnel
immediately available, and interventions in place such as chest
tubes, advanced airways, intravenous lines, personal protective
equipment and isolation requirements, and potentially open wounds/-
exposed hardware (in the case of patients in the operating room).

The relative risk of delaying the initiation of CPR and defibrillation
vs the possible risk of prone CPR/defibrillation being less effective
remains unclear. In many intensive care units, patients who are
prone and on mechanical ventilation are likely to already have con-
tinuous arterial blood pressure and ETCO2 monitoring, thus allowing
for the rapid assessment of the effectiveness of prone compressions.
These patients also often have severe hypoxemia and may have had
tracheal tubes in place for prolonged periods, raising the possibility of
airway dislodgement or blockage as a contributing factor to the car-
diac arrest. Additional studies could include larger observational
studies or case series representing the total experience of a center
or centers, simulation studies, or even additional case reports that
report quantitative metrics such as time to initiation of CPR/defibrilla-
tion in the prone position and ETCO2 and arterial blood pressure dur-
ing prone compressions. More data on patients in intensive care
units are especially needed as the vast majority of published case
reports on prone CPR are from patients in a prone position for spinal
or brain surgery in the operating room.

Limitations

This systematic review has several limitations. The lack of random-
ized controlled studies limited our ability to definitively compare the
efficacy of prone vs supine chest compression or defibrillation. With
one exception,® the identified case reports described events and
outcomes of operating room patients, thereby limiting our ability to
extrapolate these findings to patients proned for hypoxemic respira-
tory failure in the emergency department or inpatient settings or out-
of-hospital cardiac arrest patients found in a prone position. Finally,
the significant risk of bias from the observational studies limited
our ability to perform meta-analyses.

We identified a limited number of observational studies and case
reports comparing prone vs supine CPR and defibrillation. Prone
CPR may be a reasonable option if immediate supination is difficult
or poses unacceptable risks to the patient.
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