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Abstract

Background: Although rare, cardiac arrest during pregnancy is the leading cause of maternal death. Recently, its
incidence has been increasing worldwide because more pregnant women have risk factors. The provision of early,
high-quality cardiopulmonary resuscitation (CPR) plays a major role in the increased likelihood of survival; therefore, it
is important for clinicians to know how to manage it. Due to the aortocaval compression caused by the gravid uterus,
clinical guidelines often emphasise the importance of maternal positioning during CPR, but there has been little
evidence regarding which position is most effective.

Methods: We searched the Cochrane Central Regjister of Controlled Trials, MEDLINE, Embase, and OpenGrey
(updated on April 3,2021). We included clinical trials and observational studies with reported outcomes related to
successful resuscitations.

Results: We included eight studies from the 1,490 screened. The eight studies were simulation-based, crossover
trials that examine the quality of chest compressions. No data were available about the survival rates of mothers or
foetuses/neonates. The meta-analyses showed that resuscitation of pregnant women in the 27°-30° left-lateral tilt
position resulted in lower quality chest compressions. The difference is an 19% and 9% reduction in correct compres-
sion depth rate and correct hand position rate, respectively, compared with resuscitations in the supine position.
Inexperienced clinicians find it difficult to perform chest compressions in the left-lateral tilt position.

Conclusions: Given that manual left uterine displacement allows the patient to remain supine, the resuscitation

of women in the supine position using manual left uterine displacement should continue to be supported. Further
research is needed to fill knowledge gaps regarding the effects of maternal positioning on clinical outcomes, such as
survival rates following maternal cardiac arrest.
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Introduction

Cardiac arrest during pregnancy is rare but life-threat-
ening and involves the lives of two patients: the mother
and the fetus [1]. Nationwide population-based studies
from the United States, Canada, the United Kingdom
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cardiac arrest and related maternal mortality have
increased in several countries over the past 30 years [3,
6, 7]. This increase could be explained partially by more
women with risk factors (rising maternal age, obesity
and preexisting chronic medical conditions) becoming
pregnant [7, 8]. Common causes of maternal cardiac
arrest and mortality include anaesthesia complications,
bleeding, cardiovascular disease, embolism, uterine
atony and hypertension/preeclampsia/eclampsia [6, 9,
10]. Previous studies have suggested that cardiac arrest
in pregnant women is more responsive to cardiopulmo-
nary resuscitation (CPR) compared to cardiac arrest in
the general population since pregnant women are typi-
cally young [11-13].

The rate of maternal survival to hospital discharge for
in-hospital maternal cardiac arrest is estimated to be as
high as 59% [3, 4], whereas the corresponding figure for
maternal cardiac arrest occurring in out-of-hospital set-
tings is much lower, at around 17% [14]. The provision of
early, high-quality CPR plays a significant role in increas-
ing the likelihood of survival [15]. Although the resus-
citation of a pregnant woman is similar to the standard
resuscitation of adults, the physiological changes that
occur during pregnancy impose additional clinical chal-
lenges [6, 15, 16]. Aortocaval compression occurs begin-
ning around 20 weeks of gestation, when the growth of
the uteroplacental unit compresses the aorta, inferior
vena cava or both in the supine position [17]. Such com-
pression can reduce cardiac output by as much as 30 to
40% [18]. During CPR, manual chest compressions could
produce approximately 30% of the normal cardiac output
for the nonpregnant situation [19]. Aortocaval compres-
sion in late pregnancy further reduces cardiac output to
around 10% of the nonpregnant cardiac output [20, 21].

Clinical guidelines [22-27] recommend relief of aor-
tocaval compression during maternal resuscitation.
However, there is no consensus on the best strategy to
relieve aortocaval compression during maternal resus-
citation. Thus, the latest Royal College of Obstetricians
and Gynaecologists guidelines on ‘maternal collapse in
pregnancy and the puerperium’ recommended future
researchers investigate the effectiveness of CPR with
manual uterine displacement versus maternal tilt [20],
both of which are considered beneficial in relieving
aortocaval compression during chest compressions. A
Cochrane systematic review on maternal position during
caesarean section for preventing maternal and neonatal
complications has been published [17], but the result was
based on nonarrest pregnant women, and in light of the
quality of chest compression, some strategies that could
be effective in relieving aortocaval compression for non-
arrest pregnant patients might not be the best option for
pregnant women in cardiac arrest.
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No current or planned systematic reviews regarding
the effects of maternal positioning or strategies were
identified in a search of the Cochrane Library, Inter-
national Prospective Register of Systematic Reviews
(PROSPERO) or the Joanna Briggs Institute. Therefore,
our systematic review aimed to synthesise the evidence
to evaluate the effect of maternal positioning and other
strategies during resuscitation to determine which is
most effective in improving outcomes following maternal
cardiac arrest. Our findings will contribute to evidence-
based decision-making for clinicians and provide a basis
for the formation of national and international guidelines
on the resuscitation of pregnant women.

Materials and methods

Our review was registered in PROSPERO
(CRD42020208177) and conducted in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [28].

Search strategy

We searched the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE, Embase and OpenGrey
databases for relevant studies on 16 November 2019, and
we updated them on 3 April 2021. We did not restrict the
publication year. We also checked the reference lists of all
included studies and relevant existing systematic reviews
for additional studies. We used subject headings in com-
bination with key words. We devised three sets of search
terms: (i) population of interest (pregnant women), (ii)
health condition of interest (cardiac arrest) and (iii) inter-
vention (or exposure) evaluated (Table 1).

Inclusion and exclusion criteria

The study population included pregnant women who
experienced cardiac arrest. We made no restrictions
regarding maternal age, care settings or nationality.
Regarding the intervention, we included studies that
examined the effect of maternal positioning or methods
to relieve aortocaval compression during CPR. We also
included any type of study (randomised control trials
[RCTs], nonrandomised clinical trials and observational
studies). Because of the rarity of cardiac arrest during
pregnancy, we included simulation-based studies using
patient mannequins. We excluded reviews and com-
mentaries as well as studies without English language
abstracts (Table 2).

Outcomes of interest

The primary outcomes of interest included the survival
rate of mothers or fetuses/neonates with favourable neu-
rologic outcomes and the return of spontaneous circu-
lation following maternal cardiac arrest. The secondary
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Table 1 Search strategy (Medline OvidSP) 1946 to April 2021

1 exp Pregnancy Complications, Cardiovascular/ or exp Pregnancy/ or exp Pregnancy, High-Risk/ or exp Pregnancy Complications/
2 exp Pregnant Women/

3 pregnan*.mp.

4 matern*.mp.

5 exp Maternal Mortality/ or exp Maternal Death/

6 (maternal adj3 morbidit*).mp.

7 exp Obstetrics/

8 obstetric*.mp.

9 Pregnant wom#n.mp.

10 parturient.mp. or exp Labor, Obstetric/ or exp Anesthesia, Obstetrical/
11 peripartum.mp. or exp Peripartum Period/

12 exp Perinatology/

13 Perinatal.mp.

14 gestation*.mp.

15 gravid*.mp.

16 matern*.mp.

17 Tor2or3or4or5or6or7or8or9oriOoriltori2ori3orl4ori5ori6
18 exp Heart Arrest/

19 (heart adj5 arrest?).mp.

20 (cardiac adj5 arrest?).mp.

21 (cardiopulmonary adj5 arrest?).mp.

22 (cardiovascular adj5 arrest?).mp.

23 asystole?.mp.

24 pulseless electrical activit*.mp.

25 exp Cardiopulmonary Resuscitation/

26 exp Resuscitation/ or exp Out-of-Hospital Cardiac Arrest/
27 CPR.mp.

28 resuscita®*.mp.

29 (heart adj3 compression?).mp.

30 (cardiac adj3 compression?).mp.

31 (chest adj3 compression?).mp.

32 (thoracic adj3 compression?).mp.

33 exp Heart Massage/

34 (heart adj3 massage?).mp.

35 (cardiac adj3 massage?).mp.

36 (heart adj3 failure?).mp.

37 (cardiac adj3 failure?).mp.

38 (cardiovascular adj3 failure?).mp.

39 (cardiopulmonary adj3 failure?).mp.

40 (cardiac adj3 collapse?).mp.

41 (cardiovascular adj3 collapse?).mp.

42 (cardiopulmonary adj3 collapse?).mp.

43 cardiovascularmp. or exp Cardiovascular Diseases/

44 cardiac toxicity.mp. or exp Cardiotoxicity/

45 peri-arrest state?.mp.

46 (life adj3 support*).mp.

47 emergency.mp. or exp Emergencies/ or exp Emergency Medical Services/
48 exp Ventricular Fibrillation/

49 electromechanical dissociation*.mp.

50 AED.mp.
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Table 1 (continued)
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51 180r190r20o0r 21 or22or23 or24 or250r260r27or28or29or300r310r32or33or34or35o0r36or37or38or39or40

or 41 or42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50
52 uterine displacement.mp.
53 (left adj5 table ad;j5 tilt).mp.
54 tilt*.mp.
55 (uter* adj5 displac*).mp.
56 left-lateral.mp.
57 (left adj3 lateral).mp.
58 lateral tiltmp.
59 exp Patient Positioning/
60 Aortocaval compression.mp.
61 (Aort* adj5 compression®).mp.
62 52 or53 or54or55o0r56o0r57or58or59or60or61
63 17 and 51 and 62
64 limit 63 to humans

Table 2 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Population

Intervention + Any maternal positioning during CPR

- Pregnant women who have experienced cardiac arrest in any settings/countries

+None
- None

- Any methods to relieve aortocaval compression during CPR

Comparators
intervention group

Outcomes - Maternal outcomes:

- Studies with a comparison (or crossover comparison /any control group) to an

- Studies with no comparison (control) group

- Outcomes with no clinical relevance

- Return of spontaneous circulation following maternal cardiac arrest

- Survival to hospital discharge

- Survival with favourable neurologic outcome
- Any adverse event

- Foetal or neonatal outcomes:

- Survival to hospital discharge

- Survival with favourable neurologic outcome
- Any adverse event

+ Quality of CPR (e.g. quality of chest compression, quality of ventilation)

- Experimental studies (RCTs, quasi-RCTs, cross-over trials, etc.) with relevant primary

data

Study design
primary data
- Simulation-based studies

Language - Studies written in English

+ Qualitative studies
+ Animal studies

- Observational studies (cohort, case-control, cross-sectional studies, etc.) with relevant

« Studies without English abstract

- Studies written in a language other than English that contain an abstract written in

English
Publication - Published and grey literature

Published year - No restriction made

+None
+None

outcomes of interest were the quality of CPR and any
adverse events.

Study selection

We imported identified studies into Covidence, a web-
based tool for systematic reviews. Two review authors
(NE and TY) independently screened the studies for rel-
evance based on titles and abstracts; they then screened

based on full texts. We resolved any discrepancies via
discussions with the review team until we reached a
consensus.

Data extraction and risk of bias assessment

Using data extraction forms designed specifically for
this review, two review authors (NE and MF) extracted
data from the included studies. We contacted the
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authors of original studies to obtain missing informa-
tion and unpublished data. Two review authors (MF
and NE) independently assessed the risk of bias in the
included studies using a revised Cochrane risk-of-bias
tool (RoB2) developed specifically for crossover trials
[29] because all studies included in this review applied
a crossover design.

Data synthesis and analysis

Findings from nonrandomised crossover studies are
presented narratively. Whenever sufficient data were
available from RCTs to estimate the effect size of
the intervention, we conducted meta-analyses using
Cochrane’s Review Manager (RevMan) version 5.3 [30].
We calculated the weighted mean difference and 95%
confidence interval (CI) for continuous outcomes. We
performed the random effects meta-analyses, because
we assumed that the impact of the maternal positioning
during cardiopulmonary resuscitation varied from study
to study [31]. We assessed clinical heterogeneity (e.g.
variability in the interventions such as chest compres-
sion on different surfaces; the floor or on the bed) as well
as methodological heterogeneity (e.g. variability in study
design such as RCTs or nonrandomised studies) within
each comparison. Where meta-analyses were performed,
we assessed statistical heterogeneity with tau” in addition
to visual inspection of the forest plots [32]. We assessed
heterogeneity using tau?, rather than P, as tau’ is the
appropriate measure for indicating the presence of clini-
cally relevant heterogeneity while > may be misleading
as it depends on the sample size of studies [33]. Further-
more, I is not an absolute measure of heterogeneity [34,
35]. We conducted subgroup analyses based on the clini-
cal heterogeneity (chest compression delivery surfaces). If
there was a concern to the robustness of the result caused
by missing outcome data, sensitivity analysis would have
been performed, by comparing results from different
methods of dealing with missing data (e.g. available case
analysis, imputed case analysis) [36, 37]

Overall quality of evidence

We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [38]
to assess the body of evidence for all the identified out-
comes. We assigned one of four levels — high, moderate,
low or very low — to each outcome by considering five
domains, including the within-study risk of bias, incon-
sistency, indirectness, imprecision and publication bias
[39]. If sufficient studies had been available (> = 10), then
we would have constructed funnel plots to assess publi-
cation bias.
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Results

Search results

The databases we searched identified 1,836 articles,
including 346 duplicates. We screened a total of 1,490
titles and abstracts and selected 79 articles for full-text
evaluation. We identified no additional articles from the
reference lists of the included studies or review articles,
and of the 79 articles that underwent full-text evaluation,
we excluded 71 for the reasons stated in the PRISMA
flowchart (Figure 1). A total of eight studies met the
inclusion criteria, including six crossover RCTs [40—45]
and two nonrandomised crossover studies [46, 47].

Characteristics of included studies

An overview of included studies is presented in Table 3.
All the available studies used mannequins, and none
involved living subjects. One crossover RCT [43] exam-
ined the effect of manual left uterine displacement in
the supine position and compared the results to those in
the left-lateral tilt position. Four crossover RCTs [40-42,
44] and one nonrandomised crossover study [46] com-
pared the quality of CPR on a mannequin lying supine
(manual left uterine displacement) with that of the left-
lateral tilt position. One crossover RCT examined the
optimal methods for producing lateral tilt [45], and one
nonrandomised crossover study [47] examined the effect
of chest compression at various angles between 0° and
90° of inclination. All participants in the included stud-
ies were health professionals and performed two or more
sequential interventions.

Risk of bias assessment

Bias due to randomisation: Of the randomised cross-
over trials included in this review [40-45], none
except one [45] reported the processes used to gener-
ate the random allocation sequence and/or allocation
concealment. Bias due to deviations from intended
interventions: Given the nature of the interventions,
participants (rescuers) in all studies were aware of their
assigned intervention (e.g. chest compression in the
supine or lateral tilting positions) during each period of
the trial. Four studies [40, 41, 44, 45] ensured a washout
period to minimise the carryover effect (after 2 minutes
of chest compressions in the first assigned position, the
participants rested for 10 minutes to minimise rescuer
fatigue), whereas no information was available to assess
the carryover effect in the remaining studies [42, 43, 46,
47]. Bias due to missing outcome data: There were no
missing outcomes [40—44, 46, 47], or the proportion of
missing outcomes was small [45]. Bias due to outcome
measurement: The outcomes were assessed using the
PC SkillReporting software system, which was con-
nected to the patient mannequin (Laerdal Resusci
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Records identified from databases (N = 1836)

S
3 CENTRAL (n = 126)
b= ovid Medline (n = 497)
g Embase (n=1213)
Records screened
(n=1490)
. !
'5 Reports sought for retrieval
o (n=79)
’ !
Reports assessed for eligibility
(n=79)
el
§ Studies included in review
e (n=8)

Fig. 1 PRISMA flowchart of paper screening process

Duplicate records removed
(n=346)
Records excluded
' (n=1411)
Reports not retrieved
(n=0)
—

Records removed before screening

Reports excluded (n =71)

- Incorrect study type (n =53)
- Population not relevant (n = 16)
- Duplicates (n =2)

Anne®) in all the included studies [40—46] except one
[47]. Where the participants could not see the monitor
screen displaying the outcomes during the chest com-
pressions, the risk of bias was considered low [41, 44];
however, where information regarding blinding of the
outcomes was not provided, the risk of bias was rated
as of some concern by taking into account the possibil-
ity that knowing the outcomes altered the participants’
performance [40, 42, 43, 45—47]. Bias due to selection of
the reported result: No studies provided a trial protocol.
Overall: Six RCTs [40—45] were rated as having some
concern for risk bias, whereas the two nonrandomised
crossover studies [46, 47] were considered of high risk
for bias because at least one domain had a high risk of
bias (Table 4).

Intervention effectiveness

Maternal and foetal (or neonatal) outcomes

Because all the studies included in this review were con-
ducted on mannequins, no data regarding maternal or
foetal/neonatal outcomes were available for our analysis.

Quality of CPR and subjective stability/difficulty of chest
compression

All eight studies included in this review provided data
regarding the quality of the CPR, and some provided data
on subjective stability or difficulty (or ease) of chest com-
pression (Table 5).

Comparison 1: Left lateral tilt position vs. manual left
uterine displacement Quality of chest compression

Based on one crossover RCT [43] involving 20 health
professionals, there was no statistically significant dif-
ference in the quality of chest compressions as meas-
ured with compression rates, compression depth, correct
compression depth (> 50 mm) rates and correct recoil
rates between the manual left uterine displacement in the
supine position and the left lateral tilt position produced
by a firm-rubber wedge. The results were consistent both
on the floor and on the bed. The mean compression rates
observed ranged from 114.5/min to 118.5/min and were
within the range of adequate compression rates recom-
mended by clinical guidelines. However, insufficient
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compression depth (median ranging from 40 to 44 cm)
and low rates of correct compression depth (median
ranging from 25% to 57%) were observed across all
groups, indicating generally poor performance of chest
compressions in the sample of this study.

Subjective ease and stability of chest compression

One study [43] involving inexperienced rescuers reported
greater ease and stability of chest compressions in the
supine position with manual left uterine displacement
than in the left-lateral tilt position; the differences were
statistically significant.

Comparison 2: left lateral tilt position (27°-30°) vs.
supine position without manual left uterine displace-
ment Quality of chest compression

A total of five studies including four crossover RCTs
[40-42, 44] and one nonrandomised crossover study [46]
provided data on this outcome. Due to the methodologi-
cal heterogeneity (i.e. RCTs or nonrandomised studies),
only RCTs were included in the meta-analyses and results
from nonrandomised study were presented separately in
narrative form.

The four RCTs consistently showed no statistically sig-
nificant differences between the supine and the left-
lateral tilt position groups. Of these RCTs, one [42]
was excluded from the meta-analysis (Fig. 2) because
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of insufficient data provided in the original study (the
means and standard deviations were unreported).

A total of four RCTs [40-42, 44] assessed the rate of
correct chest compression depth. The meta-analysis of
these RCTs revealed the mean percentage of correct
chest compression depth decreased by 18.77% when the
left-lateral tilt position was used instead of the supine
position; the difference was statistically significant (four
RCTs, mean difference [MD] = -18.77, 95% CI = -28.89,
-8.64, tau® =48.95, I> = 47%; Fig. 3). Subgroup analyses
stratified by chest compression delivery surfaces (floor or
bed) resulted in similar findings.

In addition, a meta-analysis of three RCTs [40-42]
including a total of 89 health professionals revealed the
mean chest compression depth was 2.88 mm lower in the
27°-30° left-lateral tilt position than in the supine posi-
tion; the difference was statistically significant (three
RCTs, MD = -2.88 mm, 95% CI = -4.19, -1.57, tau® = 0,
I> = 0%; Fig. 4). The results were consistent across sub-
groups defined by the surface (floor or bed).

A total of four RCTs [40—42, 44] reported the recoil rates,
none of which indicated statistically significant differ-
ences between the supine and the left-lateral tilt groups,
either on the floor or on the bed.

A total of three RCTs [40, 41, 44] reported the rate of cor-
rect hand positioning during chest compressions. The

Table 4 Risk of bias assessment (judgement and supporting evidence) in the included studies using a revised Cochrane risk-of-bias
tool for crossover trials

Bias due to randomisation Bias due to deviations from | Bias due to missing Bias due to outcome Bias due to selection of the Overall
i d inter i data measurement reported result
RCTs
Butcher Some concerns: Methods used Some concerns: Washout period | Low risk: Outcome data Some concerns: Outcomes Some concerns: Insufficient Some
2014 [39] for randomisation and allocation | to minimise the carryover effect available for all participants assessed with a PC SkillReporting | information available to assess concerns
concealment not stated not stated randomised system; blinding to the assessor the reporting bias
not reported
Dohi 2017 Some concerns: Methods used Low risk: ‘Resting for 10 min ... | Low risk: Outcome data Low risk: ‘To avoid potential Some concerns: Insufficient Some
[40] for randomisation and allocation | and repeating CPR for 2 min in available for all participants bias, rescuers were blinded to the information available to assess concerns
concealment not stated the second assigned position’ randomised monitor screen displaying the reporting bias
pression rate or hand position’
Ip 2013 Some concerns: Randomisation | Low risk: ‘Sufficient breaks Low risk: Outcome data Some concerns: Outcomes Some concerns: Insufficient Some
[41] by drawing lots/allocation between tests’ were taken to available for almost all assessed with a PC SkillReporting | information available to assess concerns
concealment not stated minimise the carryover effect participants, although ‘one of system; blinding to the assessor the reporting bias
the participants ... [was] not reported
excluded from analysis due to
incomplete data capture’
Kim 2012 Some concerns: Methods used Low risk: ‘The participant rested | Low risk: Outcome data Low risk: ‘To avoid potential Some concerns: Insufficient Some
1371 for randomisation and allocation | for 10 min to minimise rescuer available for all participants bias, participants were blinded to information available to assess concerns
C 1 not stated fatigue’ between tests domised the monitor screen’ the reporting bias
Komasawa | Some concerns: Methods used Some concerns: Washout period | Low risk: Outcome data Some concerns: Outcomes Some concerns: Insufficient Some
2013 [38] for randomisation and allocation to minimise the carryover effect available for all participants assessed with a PC SkillReporting | information available to assess concerns
concealment not stated not stated randomised system; blinding to the assessor the reporting bias
not reported
Lee 2011 Some concerns: Methods used Some concerns: Washout period | Low risk: Outcome data Some concerns: Outcomes Some concerns: Insufficient Some
[36] for randomisation and allocation | to minimise the carryover effect available for all participants assessed with a PC SkillReporting | information available to assess concerns
concealment not stated not stated randomised system; blinding to the assessor reporting bias
not reported
Non-RCTs
Goodwin High risk: Some concerns: Washout period | Low risk: Outcome data High risk: The definitions of the Some concerns: Insufficient High risk
1992 [42] Not stated as being randomised to minimise the carryover effect available for all participants outcomes were not clearly defined. | information available to assess
not stated randomised Outcomes assessed with a PC the reporting bias
SkillReporting system; blinding to
the assessor not reported
Rees and High risk: Some concerns: Washout period | Low risk: Outcome data High risk: Outcomes assessed Some concerns: Insufficient High risk
‘Wills 1988 Not stated as being randomised to minimise the carryover effect available for all participants with a transducer developed by the | information available to assess
[43] not stated randomised researcher; blinding to the assessor | the reporting bias
not reported
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results of the meta-analysis indicated the correct hand
position rate was 9% lower with the patient mannequin in
the left-lateral tilt position than with it in the supine posi-
tion (three RCTs, MD = -9.14, 95% CI = -17.8, -0.48, tau®
=0, I> = 0%; Figure 5).

There was one non-randomised crossover study con-
ducted in 1992 [46] which reported that chest compres-
sion was significantly better (with the mean percentage
of correct cardiac compression being approximately 34%
higher) in the wedged position than in the supine posi-
tion. The author stated that a common reason for inaccu-
racies is ‘compression of too great a force’ ([46], p. 434),
but neither the definition of correct cardiac compression
nor compression force was provided.

Subjective difficulty (or ease) of chest compressions

Two RCTs [41, 44] involving both experienced and inex-
perienced rescuers reported that performing chest com-
pressions in the left-lateral tilt position was significantly
more difficult than doing so in the supine position,
whereas another RCT [40] including only experienced
emergency medical doctors reported no difference in the
subjective difficulty between the two positions.

Quality of ventilation

One nonrandomised crossover study [46] involving 18
midwives reported there was no statistically significate
difference in the percentage of correct expired air ventila-
tions (during performance of mouth-to-mouth resuscita-
tion) between the supine and the left literal tilt positions
(mean [SD] = 62.2% [21.4] in the supine vs. 56.7% [27.7]
in the left literal tilt positions). However, the definition of
correct expired air ventilations was not described in the
original study; it noted only that the commonest course
of inaccurate ventilation was the ventilation of small
volume.

Comparison 3: methods for producing left lateral tilt posi-
tion (soft vs. firm vs. hard vs. human wedge) Quality of
chest compression

One crossover RCT reported that the type of wedge —
the soft wedge (pillow), firm wedge (foam-rubber), hard
wedge (wooden) or human wedge — had no effect on
the average rate or adequate release of chest compres-
sions. The study consistently indicated that the depth
of compressions (compression depth [mm] and rate of
correct compression depth > 50 mm) was reduced with
the human wedge compared with other wedges; the
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differences were statistically significant during chest
compressions on the floor but not on the bed.

Subjective stability of chest compressions

One crossover RCT reported that the firm and hard
wedges were the most stable (stability rated as ‘good’ or
‘very good’), whereas the soft wedges were the least stable
during chest compressions during chest compression on
either the floor or bed.

Comparison 4: chest compressions in various angles (0°,
275 3295 49° and 90°) of inclination Quality of chest
compression

In one nonrandomised trial [47] involving eight medical
doctors, the maximum possible resuscitative force (as
measured with calibrated force transducer fitted on the
plane) decreased as the angle of inclination of the plane
increased, from 67% of body weight in the supine posi-
tion to 36% in the full lateral.

Discussion

Our systematic review evaluated the effect of mater-
nal positioning for successful resuscitation of pregnant
women. We identified no studies that evaluated the out-
comes with real maternal patients. However, there were
eight simulation-based crossover trials (six RCTs and
two non-RCTs) that specifically examined the impact
of maternal positioning or strategies on the quality of
chest compression for hypothetical cardiac arrest mater-
nal patients using a mannequin. Overall, meta-analyses
of RCTs indicated resuscitation in the supine position
enhances the quality of chest compressions by increasing
the rates of correct compression depth and correct hand
position, compared with resuscitation in the 27°-30° left-
lateral tilt position in pregnant women. The results were
consistent for chest compressions performed both on the
bed and on the floor. This review also suggested chest
compressions in the left-lateral tilt position may be more
difficult than chest compressions in the supine position
for inexperienced health professionals.

Quality of evidence

For all the outcomes included in this review, the quality
of evidence was rated as very low using the GRADE cri-
teria. The certainty of evidence was downgraded for risk
of bias, indirectness, inconsistency and imprecision of
results. More specifically, we downgraded one level for a
potential risk of bias due to the randomisation process,



Page 12 of 21

159

(2022) 22

Enomoto et al. BMC Pregnancy and Childbirth

oSN

2SN

5660

oSN

SN

59C0

oSN

SN

eSN

(001-9'86=40I)
00L=ueIpaw
“uewNH
(001-5°66=40I)
001 =Ue|paw
piey
(001-££6=40I)
001=Ue|paw
iy
(001-076=40I)
966=Uelpaw
e/u oS

(00L-7'86=HOI)
001=ueipaw
uewnH
(00L-1'56=H0I)
966=Ueipaw
‘pley
(00L-1'€6=HO0I)
£'66=ueipaul
w4
(001-£'96=4O))
§66=UeIpaw
e/u Yos

(szolL (Szol
-L1't6=10%56) -L'T6=12%56)
€16 €6

00l 00l

(666 (€00l
-6'86=12%56) -€'66=12%56)
66 866

(0=as) (0=as)
0oL 0oL

(001-6£=40)
/6=Uelpaw

(001-1£=40I)
00l=ueipau

(00L-01=40I)
/6=UeIpaw

(00L-2£=40I)
0g=uelpaw

auidng

13 |[eJale] 3y

(1D%S6 10 @S) ueay

9 ‘2184 [1029Y

SN e/u I2ELe)

(pauodailou

elep ‘abpam

uewny Joy

yidap Jamoy)

5100 ubwny sa piy
6000 upwiny 'sA wiy
SN ubwny sA1os
00 e/ |[BI9A0
(€85 (£vs

-0VS=1D%S56)  -¥'0S=10%S6)

51000> L'9s 9¢s
(€=as) (€=as)

pL000> [49 a4
(¢=as) (€=as)

p8L0°0 49 6t
(095 (£vs

-905=D%S56)  -T6v=I12%56)

590 €es 0cs
(9r-rE=40I) (Sp-ze=yOI)

SN Op=uelpaw Ob=ueipaw
(15-9€=40I) (05-9e=40I)

eSN yy=uelpaw Ep=ueipaw

auidns 313 |esd3e| 1]

d (1D%S6 10 @s) uesy

wuw ‘yadap uoissardwod 1say)

SN e/u SENe}

(pauodai

10U e1Ep
‘2bpam uewny
10} 91€1 I3MOY)

9100 uowny sapioy
£€000 upwiny sA wiy
1700 upwiny 'sA yos
9¢0'0 e/ 1[B19A0
(686 reL

-89/=D%S6)  -£'55=I1D%S6)

51000> 6/8 99
(£'8=as) (L's1=as)

pl000> 1’98 0z
(6'8=a5) (091=as)

pl000> 058 1’69
(€v8 (582

-C95=D%S6)  -S0S=I1D%S6)

570 0L 79
(r'se=as) (ror=as)

ql000> €9L 85¢
(v£-£=40) (68-0=40I)

&SN S¢=ueipaw S¢=uelpauw
(66-81=y0I) (00L-£1=y0I

eSN Cy=uelpauw £G=uelpaw

auidng )i [esdre| Yo
d (12%S6 10 @s) ueay

(ww 09-0S 40 wwi 0§ <)
% ‘Y3dap uoissaidwod 3sayd 133110)

(6'€=as)
1’901 ‘uewny
(9€as)
6701 ‘pleH
(I'z=as)
7'S0L Wiy
(€v=as)
2SN e/ 8501 oS 6l pag
abpam
UeWINH "SA
(€€=as) (uspoom)
0901 :uewny abpam piey
(67=0a5s) SA (12qani
8501 ‘pieH -Wweoy)
(e'€=as) obpam w4
9501wy ‘SA (mojjid)
(®€=as) abpam yos [s¥] €107
2SN e/ £901:4os  0¢ Jool4 e/ Yam m 124 el d|

(96pam uewny 'sa 3bpam piey ‘sa abpam wiy ‘s 9bpam 1os) |77 budnpoid 1oy spoyls € uosiieduwiod

bl
(~)  |eioae|ybu

[ov] ze61

- - - gl Jool4 auidng Algeqoid ] DY-UON  UIMPOOD)
szl (6Tl

-CLLL=1D%56) L7 L1=10%S6) ) 1) [ov] 110z

5L00 e€lel 88LL 0t Joo4 auidng 0€ 111 104 ele e

(ybu) (yBu)
- - d

pSN pad auldng oLC 1T [2¥) €107
W) ‘|2 13 emes

pSN - - L pag audns  (a)) oL 111 104 -ewioy

(zoztL (rozt

-9'G 1 1=12%56) -9'G11=12%56) () [1¥] €107

5860 Ll 60CL [43 Jool4 auidns  (a)) ,0€ 111 104 ey
ligdl
(£9=a9) (#9=as) ) () L10T ;1S

oSN socl cecl 0C pad auidng 0€ 111 104 yod
1UBWaDE(dSIp 2ULIAIN 13| [EnUBW INOYUM UORISod auldns sA |77 :z uostiedwod

Q.RH.Q@ avo_uﬁmv (ybL)

SN volLL Syl pag pavodas (€]
(¢1=qs) (L'z1=as) (u61) ou 10C €39

SN S8lLl LSl 0C Joo4 auidng slbue |77 104 Jayong

JUBWdR[dSIP SULBIN 13| [enuew LM uomisod auidns ‘SA (177) uonisod 11} [esa1e] Y] :| uostiedwod

auidng 3|13 |esdre| o]

(syuaned jo apis

121/346u woy [33]

pag uoissaidwod 3say))
anujw 13d a3el uoissaadwod 39y N /100|4 sdnosb uosuedwod ubisaq Apnis

d (1D%S6 10 @s) uesiy

uoIsS21dW0D 15942 JO AYNdYyIp/AL|Igels SAS(gNS pue YdD JO AljlenD § ajqeL



Page 13 of 21

:159

(2022) 22

(1z=as) (=) [esere)ybu lov] z661
- - - ,50000 (6%¢=aS)STE 9.9 - - - - - - 8l lool4  audng Algegoid  |DY-UON  UIMPOOD
(L6 (988
-CTL=I1D%S6) -0'€9=12%56) [¢IE)) [ov] L10T
- - - - - - - - - 5600 678 86/  0¢ 1ooj4 20€ 1M 104 e19 99
(yBu)
- - - - - - - - - - - - pag oLCIT [2b) €107
‘|e 19 eMes
- - - - - - - - - - - - pag RN oLz 1M 104 -ewoy
(€06 (cv8
-8'59=12%56) -8'65=12%56) ) [1¥] €107
- - - - - - - - - 5 LY0 1’8/ 0cL  ce 1004 auidns  (43)) ,0€ 111 104 eio Wiy
iggl
('1=as) (9°87=as) ) ) L10C 819
- - - - - - - - - gS00> 1’66 888  0C pag auidng 20€ 1M 104 1yoa
JusWae(dsIp SULBIN 13| [enUBW INOYIM Uolisod auidns "sA |77 uosiedwod
(F-F=40I) (e-€=40I) (ybu)
2/000  x0t=uelpaw %0’ E=uripaw - - - - - - - - - pag _om:oq.m; v
(S-+=40I) (F-€=40I) (au61) ou ¥10C €19
8700  xGp=Uelpaul £0p=ueipaw - - - - - - - - - 0C 1004 auidng slbue |77 104 Jaydng
(@) 2uswade|dsip suuRIN 3| [enuew Yyim uonisod auidns 'sa (177) uonisod 11 [eia1e| 17 ;| uostedwod
auidng 3y jesdie| 1o auidng |esa1e] 349 auidng i jesale| Y9 auidns 31 jessie| 1o (syuaned o apis
d e1p?) d o o eo) d o o eo) d o o L-E] ¥21/34Bu wox [33]
(4O1) uelpay (1D%S6 10 @s) ueay (1D%S6 10 @s) ueay (1D%S6 10 @s) uesiy pag uoissasdwod 3s3y)
DD jo Aujiqels aandafgng % ‘suolssaidwod 1saYd 123110 9% ‘9210} (uoissaidwod) uoneydsnsay 9% ‘a3l U od puey 179110) N /100|4 sdnoib uosuiedwo) ubisaq Apmis
S vl
() 406 PUe 61 8861 SIM

- - - - - - - - - - - - 7 1004 auidng 7€ /T 1T IDY-UON  Puesaay
UONBUIPUI JO (,06 PUB 61 ',Z€ /T ',0) S3|BUe snoLiep i uostiedwo)

Enomoto et al. BMC Pregnancy and Childbirth

(panunuod) g aqer



Page 14 of 21

159

(2022) 22

Enomoto et al. BMC Pregnancy and Childbirth

(5-€=40I)
*=Uelpaw
“UBWNH
(r-€=40I)
*P=uelpaw
‘pieH
(-€=40l)
*=uelpaw
RUSIE]
(€-1=40I)
x¢=ueipaw
10000> - 4os

(-1=40I)
xE=Uelpaw
‘uewINH
(5-5=40I)
*G=UrIpaW
‘pieH
(r-€=40I)
*=ueipaw
w4
(r-z=40l)
xE=Uelpaw
10000> - :4os

auidng 10 [eJle] Yo
(12956 10 4S) uesy
suone|uaA Jie pasdxs 3da110)

(%4 €y

SLEL=D%S6) -89 €=1D%S6)

41000> SO 1S6€
(S-v=40I) (r-£=yoI)

SN OS=UepaW  4Ob=ueipaw
«(p-v=40I) (r-£=40I)

el100 *0p=Uuelpaw %0’ €=ueipaw

auidng 0 [eJale] Yo

d (1D%56 10 4S) uesy
JD Jo asea annd3qns

(¥'s=as)
€9€°,06 111
(G€=as)
Sy 567 L1
(6'€=as)
Yoy e 11
(5'5=as)
€655 1M

(59=as)
- 299

5000

(22 (6L
-TTS=I1D%56) -8'79=12%56) )
+€8S 4889 € Jooj4 auidns  (4al) ,0€ 111
=) =)
- - 0C p=d auidng 0€ 111

104

104

¥l €l0z
e 39 Wiy

ligdl
£10C7e 19
yoed

JuaWadedsip auLIN Y3| [enuew Inoyum uolyisod auidns s |77z uosliedwod)

(yBu)

- - peg pajiodal
(ybuy 10U

- 4 Jool4 suidng 9|bue -]

104

[ev]
710Ce 19
Jayang

(@) 3uswade|dsip aupaIn ¥a| [enuew yim uonisod auldns 'sa (177) uonisod 13 [ela1e] Y7 ;| uostedwod

(syuaned jo apis
131/346u wouy [D]]
(12996 10 @S) UeaW pag uoissaidwod 3say))

2D jo Aynoyyip sandafqns N /10014 sdnoib uosuedwo)

auidng |esa1e] 13

(G2
() 406 PUe 6%
_ ~- Jool4  audng  Yz€ /T 1T

ubisaqg

Apms

lev)

1DY-UON  puesaay

UOIIRUIPUI JO (,06 PUB 6% ',TE /T ',0) S3|BUP SNOLIEA :f UOSLIEdWOD)

abpam
UBWNH 'sA
(uspoom)
abpam pieH
‘SA (J2ggni
-weoy)
abpam w4
‘SA (moyjid)
abpam 1jos

- - 0C loo4 e/ YiIm m

104

[s¥l €10
ead

(96pam uewiny sA 3bpam piey 'sA abpam wiy sA abpam 1Jos) 17 bupnpoid Joj spoyial € uosiieduiod)

(panunuod) g ajqel



Page 15 of 21

159

(2022) 22

Enomoto et al. BMC Pregnancy and Childbirth

(yNouIp d10W = 21035 J2YHIY) YNOYYIP A|BWSIIXS=WW Q0| 0} 153 A|SWSIIXd=WW ( WO} d|eds anbojeue [ensiA

(NoWYIp 210w = 21025 JayH1Y) NdYIP AISA=G Y NdYIp=t ‘|ewiou=¢ Asea=g ‘Asea A1on=| :9|eds-119y17ulod-G |}

(1315e3 10 AJjI0E]S 191190 = 34025 J12yDI1Y) poob AI9A 10 JUB||9IXI=G po0bH=} ‘91eNnbape=¢ !Jood=g ‘100d (K19A 10) A]DWaIIXd= :9|eds-1IaYIT Jul0d-G 4

sa1pn3s |eulblIo 3y} Ul Pa3I0dal Jou 319m

pasn 51531 [ed11s11els ‘payidads ssojun s1s91-1 paiied (J ‘YAONY paieadal (p {YAONY pa1eadal Aem-oMm) (P {|9pow paxiw (3 1591-1 5,3UdPNMIS (g ‘wins yuel paubis UOXOD|IAN (B :s31pN1s [eulblIo ay) ul pasn sisAjeue |ednsiels

SI0UINe 3y} WO PAUIRIGO 219M BIep ‘/ 10T ‘| 38 1Yo 104
JuedYIUBIS JOU SN ‘Y13 [eld3e] P3| LT7 ‘U] dN7T ‘Uolssa1dwod 3sayd I 210N

SN (F1e=as) 9 (££7=QS) L9 - - -

[SIE))
() 406 PUR 6%
-~ - ~ /£ ooy auidns  'ZE'G/ZIT1  IDY-UON  puesasy

UONBUIPUI O (06 PUB .61 ',ZE /T ,0) S2|BUe SNOLIRA H UOSLeduwoD)

obpam
uewny saA
(uspoom)
abpam pieH
'SA (Jaggni
-Wwieoy)
abpam w4
‘SA (mojjid)
- - Tl peg aBpam o5 [svl €10¢
- - -0 1004 e/u Yum I 1Dy eed

(9bpam uewny ‘sa abpam piey ‘sA abpam wiy ‘sa abpam Jos) 177 buidnpoid 1oy spoyis| € uosedwod

n
() |esore|1ybU [ov] ze61
- -~ - 8l J004  eudng Algeqoid | DY-UON  uimpooD
s 8L
-7'85=10%56) -1'79=1D%56) ) 1) [or) LLOT
870 9 89 0f J00l4  audng S0€ 1T1 104 1999
(ybu) (y6u)
B = - pag auidng LTI
[evl €loT
ﬁtm_v |e 12 emes
- - - pag  audns  (4a) LT IT1 1oy -ewoy

(penunuod) g ajqer



Enomoto et al. BMC Pregnancy and Childbirth (2022) 22:159 Page 16 of 21

LLT Supine Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1.1 Floor
Kim 2013 120 14.6 32 121 147 32 19.4% -1.00[-8.18,6.18] — T
Lee 2011 118.8 10.98 30 121.3 10.98 30 30.0% -2.50[-8.06, 3.06] — &
Subtotal (95% Cl) 62 62 49.5% -1.94[-6.33, 2.46] -

Heterogeneity: Tau? = 0.00; Chi? = 0.10, df = 1 (P = 0.75); 1> = 0%
Test for overall effect: Z = 0.86 (P = 0.39)

1.1.2 Bed

Dohi 2017 123.2 6.4 20 120.5 6.3 20 50.5% .70 [-1.24, 6.64] -
Subtotal (95% CI) 20 20 50.5% 2.70 [-1.24, 6.64] <l
Heterogeneity: Not applicable

Test for overall effect: Z = 1.34 (P = 0.18)

Total (95% CI) 82 82 100.0% 0.42 [-2.95, 3.79] ?

o 2 _ . 2 _ _ _ - 12 = 109 ; + 1 t U
Heterogeneity: Tau® = 1.83; Chi* = 2.48, df = 2 (P = 0.29); I = 19% 20 10 0 10 20
Test for overall effect: Z = 0.24 (P = 0.81) LLT Supine
Test for subgroup differences: Chi? = 2.37,df = 1 (P = 0.12), I> = 57.9%

Fig. 2 Meta-analysis of the mean difference in chest compressions per minute
LLT Supine Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Floor
Kim 2013 64.5 38.8 32 70.2 39 32 18.6% -5.70[-24.76, 13.36] —
Lee 2011 66.4 306 30 87.9 30.6 30 24.0% -21.50[-36.99,-6.01] ——
Subtotal (95% CI) 62 62 42.6% -14.62[-29.97,0.74] -
Heterogeneity: Tau? = 46.32; Chi®* = 1.59, df = 1 (P = 0.21); I> = 37%
Test for overall effect: Z = 1.87 (P = 0.06)
1.2.2 Bed
Dohi 2017 35.8 40.1 20 76.3 354 20 13.9% -40.50 [-63.94, -17.06] —_—
Komasawa 2013 69.1 16 27 85 89 27 43.5% -15.90[-22.81,-8.99] -
Subtotal (95% ClI) 47 47 57.4% -25.54[-49.08, -2.01] i
Heterogeneity: Tau? = 224.84; Chi? = 3.89, df = 1 (P = 0.05); I> = 74%
Test for overall effect: Z = 2.13 (P = 0.03)
Total (95% CI) 109 109 100.0% -18.77 [-28.89, -8.64] <

e 2 _ . 2 _ _ _ S 12 = 479, ; + t J
Heterogeneity: Tau? = 48.95; Chi* = 5.63,df = 3 (P = 0.13); I° = 47% 100 T 0 50 100
Test for overall effect: Z = 3.63 (P = 0.0003) LLT Supine
Test for subgroup differences: Chi? = 0.58, df = 1 (P = 0.45), I> = 0%

Fig. 3 Meta-analysis of the mean difference in the rate of correct chest compression depth (%)

LLT Supine Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
1.3.1 Floor
Kim 2013 52 7.4888 32 53.3 7.4888 32 12.8% -1.30[-4.97, 2.37] . E—
Lee 2011 52.6 5.6239 30 56.1 5.8917 30 20.2% -3.50[-6.41, -0.59] e —
Subtotal (95% CI) 62 62 33.0% -2.65[-4.93,-0.37] et
Heterogeneity: Tau? = 0.00; Chi? = 0.85,df = 1 (P = 0.36); I> = 0%
Test for overall effect: Z = 2.27 (P = 0.02)
1.3.2 Bed
Komasawa 2013 49 3 27 52 3 27 67.0% -3.00[-4.60, -1.40] —l—
Subtotal (95% CI) 27 27 67.0% -3.00 [-4.60, -1.40] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 3.67 (P = 0.0002)
Total (95% CI) 89 89 100.0% -2.88 [-4.19, -1.57] D
Heterogeneity: Tau? = 0.00; Chi? = 0.91, df = 2 (P = 0.64); I> = 0% 5_10 _55 3 é 10#
Test for overall effect: Z = 4.31 (P < 0.0001) LLT Supine

Test for subgroup differences: Chi? = 0.06, df = 1 (P = 0.81), I> = 0%
Fig. 4 Meta-analysis of the mean difference in the chest compression depth (mm)
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LLT Supine Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.4.1 Floor
Kim 2013 72 33.8 32 78.1 34 32 27.2% -6.10[-22.71, 10.51] —
Lee 2011 75.8 34.2 30 84.9 34.1 30 25.1% -9.10[-26.38, 8.18] — &
Subtotal (95% CI) 62 62 52.3% -7.54[-19.52, 4.44] —tll—
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 1 (P = 0.81); I*> = 0%
Test for overall effect: Z = 1.23 (P = 0.22)
1.4.2 Bed
Dohi 2017 88.8 28.6 20 99.7 1.1 20 47.7% -10.90 [-23.44, 1.64] —a—
Subtotal (95% CI) 20 20 47.7% -10.90 [-23.44, 1.64] el
Heterogeneity: Not applicable
Test for overall effect: Z = 1.70 (P = 0.09)
Total (95% CI) 82 82 100.0% -9.14 [-17.80, -0.48] -~
Heterogeneity: Tau? = 0.00; Chi? = 0.20, df = 2 (P = 0.90); I = 0% o 35 S > =0
Test for overall effect: Z = 2.07 (P = 0.04) LLT Supine
Test for subgroup differences: Chi? = 0.14, df = 1 (P = 0.70), I*> = 0%

Fig. 5 Meta-analysis of the mean difference in the correct hand position rate (%)

insufficient washout period between phases and/or
unblinding of participants for all the outcomes meas-
uring for quality of CPR. We also downgraded two lev-
els for indirectness of evidence because all the outcome
was assessed with simulation-based studies using hypo-
thetical cardiac arrest maternal patient mannequins. We
further downgraded one level for serious unexplained
inconsistency (heterogeneity) for quality of chest com-
pression as measured with correct chest compression
depth rate and another one for serious imprecision (wide
confidence intervals) of the mean effect for correct chest
compression depth rate and correct hand position rate.
Study effect estimates for quality of chest compression
varied between RCTs and nonrandomised study with
conflicting results; RCTs favouring the spine position
and nonrandomised study [46] favouring the left-lateral
tilt position. The nonrandomised study was published
in 1992, whereas RCTs were published more recently, in
the 2010s.Some of this variation is likely to be caused by
differences in the definition used for measuring quality
of chest compression that reflect changes in the clinical
guidelines’ recommendations for CPR in past decades,
which we discuss further in the Comparison with Exist-
ing Guidelines and Reviews section below. There is a lack
of clarity of the definition of high-quality chest compres-
sion and high risk of selection bias due to a lack of ran-
domisation in the non-randomised study. Therefore, we
only included the results from RCTs in the meta-analyses.
Heterogeneity is not a reason for downgrading the
evidence for quality of CPR apart from quality of chest
compression as measured using the percentage of cor-
rect chest compression depth (Tau? = 48.95, I? = 47%).
The percentage of correct chest compression depth was
consistently lower in the left-lateral tilt position than the

supine position. However, the effect of size (mean dif-
ference in the percentage of correct chest compression
depth) varied from study to study: three appear to have
large effects (15.9-40.5%) and one much smaller effect
(5.7%). There are many probable causes of heterogene-
ity, which cannot be explained by a subgroup analysis
by chest compression delivery surfaces (floor or bed) or
study population (experienced or inexperienced rescu-
ers). The estimated effect of maternal positioning is larger,
57% [42], when a chest compression was performed from
patients’ right side, showing lower correct percentage
(27%) in the left-lateral tilt position, compared with the
spine position (86%). We need more studies to gain a reli-
able estimate of heterogeneity and reasons for it.

Comparison with existing guidelines and reviews

The 2020 American Heart Association (AHA) Guidelines
[48] recommend that “priorities for the pregnant woman
in cardiac arrest should include provision of high-quality
CPR and relief of aortocaval compression through left-
lateral uterine displacement” (Supplement, p. 454). This
recommendation is based primarily on the physiology of
pregnancy, extrapolations from the non-arrest pregnancy
states [49, 50] and non-randomised simulation-based
studies [46, 47]. However, the interpretation of the rec-
ommendation is not straightforward because the recom-
mendation was based on inconsistent results, including
the non-randomised simulation-based studies [46, 47]
conducted 30 to 40 years ago.

One of the studies often utilised in clinical practice
guidelines is Goodwin’s non-randomised simulation-
based study published in 1992 [46]. Goodwin found
that chest compression quality was more reduced in the
supine position than in the wedged position, using the
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human wedge manoeuvre. According to Goodwin, the
common reason for inaccuracy is “compression of too
great a force” ([46], p. 434), but the correct definition of
cardiac compression and compression were not provided.
Our systematic review revealed that findings from recent
RCTs contradict Goodwin’s findings, possibly because of
changes in CPR recommendations in past decades [51].
For example, the current CPR guidelines recommend
a target chest compression depth of 5-6 cm, whereas it
was 4—5 cm (AHA Guidelines 2005) in the past. Even fur-
ther back, it was defined as the difference in the height of
a rescuer’s shoulder, not in a victim’s chest, using 2.5-5
cm in the 1992 AHA Guidelines [52].

Although our review included only indirect evidence
from simulation-based studies, the trials included had
more sophisticated studies that overcome the meth-
odological limitations commonly observed in previous
studies (such as lack of randomisation, the potential
risk of carryover effect and the inaccuracy of measur-
ing outcomes). Our results showed that resuscitation in
the supine position enhances the quality of the resuscita-
tion activity. Together with evidence from previous sys-
tematic reviews on the non-arrest pregnant population
[17, 53] that shows that manual left uterine displace-
ment effectively relieves aortocaval pressure in pregnant
women with hypotension, it is reasonable to conclude
that manual left uterine displacement in the supine posi-
tion is more effective than a left-lateral tilt position to
increase the chest compression quality during resusci-
tation. This can, in turn, contribute to increased mater-
nal and foetal survival rates following maternal cardiac
arrest.

Strengths and limitations of the review

Given its systematic and comprehensive literature search,
our review enhanced evidence regarding the effect of
maternal positioning during maternal CPR, particularly
on the quality of chest compressions. Where we found
information in the included studies to be insufficient, we
contacted the original researcher, if doing so was pos-
sible. However, the quality of evidence produced by our
systematic review was still poor, mainly because of indi-
rect evidence from the mannequin studies.

We did not identify any study that evaluated the effect
of maternal positioning using real patients. Therefore,
there were no data on survival rates and the return of
spontaneous circulation following maternal cardiac
arrest. Foetal/neonatal outcomes were also unavailable.
Thus, the only outcomes available constituted indirect
evidence of the quality of CPR, which was obtained from
simulation-based studies using hypothetical cardiac
arrest maternal patient mannequins. Therefore, there
are serious limitations regarding the applicability and
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transferability of the findings of our systematic review to
real maternal patients.

From the study design point of view, all studies
included in our review were crossover trials in which
each healthcare professional involved performed chest
compressions on a mannequin in two or more mater-
nal positions in random order. Because each participant
acted as their own control, this design allowed them to
express the difficulty with chest compressions that they
experienced during a particular maternal position. The
crossover trials could have provided more precise effect
size estimates than parallel-group trials if appropriate
statistical analyses (paired analyses) had been applied
[54, 55]. However, this was not the case in some of our
included studies. Data on within-subjects correlation
were unavailable, so this advantage of a crossover design
could not be utilised. Our meta-analysis estimated the
average effect of an intervention (maternal positioning),
but given the small number of studies to be synthesised
for each outcome, the statistical model used for the meta-
analysis (random effects model) could not estimate the
between-study variance (the extent of variation among
the effects observed in different studies).

Further research

Knowledge gaps still exist concerning the effect and effi-
cacy of CPR with manual uterine displacement versus tilt
positioning on clinical outcomes following maternal car-
diac arrest. Simulation-based RCTs specifically designed
to evaluate the favourable or unfavourable effects of
manual left uterine displacement should be carried out
to assess the quality of CPR, including delay and inter-
ruption of CPR in relation to performing manual left
uterine displacement. Further studies also must focus on
establishing what could be the best strategies (including
for manual left uterine displacement) for high-quality
CPR. This is important because there are various recom-
mendations regarding manual left uterine displacement,
possibly referencing the situations or settings wherein
maternal cardiac arrest occurs. For example, guidelines
recommend ‘placing a hand below the uterus on the
maternal right and pushing the uterus slightly upwards
and to the left’ ([50], p.29), which can be done with one-
hand or two-hand techniques and from the left or right
side of the patient [24, 48, 56]. There is, however, a lack of
evidence about whether and how these different strate-
gies affect the quality of CPR. Because maternal cardiac
arrest is rare and RCTs evaluating the effects of mater-
nal position with real patients would be unrealistic, the
development of a nationwide database that collects data
concerning both in-hospital and out-of-hospital maternal
cardiac arrest patients would be beneficial. Such a data-
base would be critical to predict the clinical outcomes of
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such cases, including the survival rates of mothers and
babies with favourable neurologic outcomes, after car-
diac arrest vis-a-vis the strategies used for relieving aor-
tocaval compression during maternal resuscitation.

Conclusion

Although rare, cardiac arrest during pregnancy is the
leading cause of maternal death. Recently, its incidence
has been increasing worldwide because more pregnant
women have risk factors. The provision of early, high-
quality cardiopulmonary resuscitation (CPR) plays a
major role in the increased likelihood of survival. There-
fore, clinicians should be familiar with its management.
Because of the aortocaval compression caused by the
gravid uterus, clinical guidelines often emphasise the
importance of maternal positioning during CPR, but
there has been little evidence regarding which position
is most effective. Our systematic review synthesised evi-
dence from trials published in recent years, which should
provide guidance on updating clinical practice guidelines.
The meta-analyses showed that resuscitation of pregnant
women in the 27°-30° left-lateral tilt position resulted in
lower quality chest compressions. The difference is an 19
and 9% reduction in compression depth rates and hand
position, respectively, than resuscitations in the supine
position. Inexperienced clinicians find it difficult to per-
form chest compressions in the left-lateral tilt position.
Given that manual left uterine displacement allows the
patient to remain supine, the resuscitation of women in
the supine position using manual left uterine displace-
ment should continue to be supported. Further research
is needed to fill knowledge gaps regarding the effects of
maternal positioning on clinical outcomes, such as sur-
vival rates following maternal cardiac arrest.
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