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Abstract

Background and aim: The chain of survival, including cardiopulmonary resuscitation (CPR) and automated external defibrillation (AED), improves
patients’ outcomes in case of cardiac arrest. Socioeconomic status, race, and gender appear to be associated with the likelihood of receiving resus-
citation. The aim of this systematic review and meta-analysis was to evaluate the association between female sex and the odds of bystander CPR
initiation and AED application in patients with cardiac arrest, compared with male individuals.

Methods: The protocol of this systematic review was prospectively registered in PROSPERO (CRD42024512024). PubMed, Scopus, and
Cochrane were searched for studies describing the association between patient sex and the initiation of bystander CPR or the application of
AED pads.

Results: Fifteen observational cohort studies were included, for a total of 499,854 patients. The analysis from adjusted estimates of the primary
outcome showed substantial heterogeneity (# = 89%, very low certainty evidence) and was narratively summarised. Female sex was associated
with reduced odds of AED pad application compared with males (OR 0.79; 95% Cl 0.66—0.94; P = 0.008; = 45%; moderate certainty evidence).
Conclusions: The evidence regarding the association between bystander CPR initiation and patient’s sex is characterised by substantial hetero-
geneity. Female sex appears to be associated with a lower probability of AED pad application compared with males.

Keywords: Cardiac Arrest, Cardiopulmonary resuscitation (CPR), Automated external defibrillator (AED), Gender, Sex, Female

out-of-hospital cardiac arrest (OHCA) remains low and varies among

Introduction different geographic regions: between 3.1% and 20.4% of EMS-
treated patients survived to hospital discharge or for at least 30 days.
Cardiac arrest and the associated morbidity and mortality have a sig- 2 |n Europe, cardiopulmonary resuscitation (CPR) is attempted or
nificant impact on the public health burden worldwide. According to continued by EMS in approximately 50-60% of cases, and survival
the data reported by the International Liaison Committee on Resus- to hospital discharge ranges from 0% to 18%.°
citation (ILCOR), the estimated annual incidence of out-of-hospital The vast majority of OHCAs occur at home or in a residential set-
cardiac arrests treated by emergency medical services (EMS) in  ting, and individuals who receive witness CPR while waiting for EMS
the countries of North America, Europe, Asia and Oceania ranges arrival are nearly twice as likely to survive the event.*® Despite
from 28 to 244 cases per 100,000 inhabitants." Survival following recent progress, only 39.2% of adults receive layperson CPR and,

Abbreviations: AED, automated external defibrillator, BLS, basic life support, Cl, confidence interval, CPR, cardiopulmonary resuscitation, EMS,
emergency medical service, ILCOR, International Liaison Committee on Resuscitation, OHCA, out of hospital cardiac arrest, OR, odd ratio, SE,
standard error
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in the general population, an automated external defibrillator (AED)
was used in only 11.9% of cases with large geographical variability.®
In Europe, the rate of CPR by lay-rescuers varies across countries
with an average of 58% of cases while AED use remains low with
an average 28% of cases.® Several socioeconomic, racial, and gen-
der variables have been examined and appear to be associated with
the likelihood of receiving basic life support (BLS). Studies in the Uni-
ted States have shown that Black and Hispanic people receive CPR
less frequently than White individuals, suggesting implicit and explicit
biases that may impact the likelihood of lay rescuers initiating
CPR.”® Fear of infection or personal injury among lay rescuers is
strongly linked to the presence of mouth-to-mouth ventilation in the
CPR protocol, which increases reluctance to initiate CPR when the
subject is a stranger.®'° Furthermore, this fear may have been exac-
erbated during the recent COVID-19 pandemic.''™'®

Recently, the female sex of the patient has been identified as a
potential barrier to the initiation of BLS maneuvers.'*"'® Some stud-
ies suggest that female patients are less likely to receive BLS com-
pared with males, while other studies have shown no significant
differences between sexes. These results also vary depending on
the cardiac arrest setting and according to methodological qual-
ity_17—36

The aim of this systematic review and meta-analysis was to eval-
uate the association between female sex (I) and the odds of bystan-
der CPR initiation and AED application (O) in patients with cardiac
arrest (P), compared with male individuals (C) from the available
body of evidence.

Methods

The protocol of this systematic review was prospectively registered
in PROSPERO with the identifier CRD42024512024.

We performed a comprehensive search of PubMed, Scopus and
Cochrane databases from inception until the 22nd of September
2024. We conducted a search for randomised controlled trials
(RCTs) and non-randomised studies that described the association
between the sex of the cardiac arrest patient and the initiation of
CPR or the application of AED pads. Case reports and case series
were excluded. No language restrictions were applied. The search
strategy included keywords as exact phrases and subject headings,
according to databases syntaxes. The full search strategy is
described in Supplementary Material 1.

Studies were included if they provided data on at least one out-
come of interest (initiation of CPR or AED application), had a control
group (male sex), and applied statistical methods to adjust for poten-
tial confounders in case of non-randomised studies. Male and female
sex or gender were defined according to authors’ definitions adopted
in the included studies. Studies involving the paediatric population
were included as per protocol to analyse the highest number of
cases possible, as done in previous literature.?® The inclusion of pae-
diatric population would favour the null hypothesis if considered that
differences in treatment between sexes may arise from secondary
sexual characteristics from puberty on. After protocol registration,
at manuscript peer review step, we decided to include only studies
that evaluated the initiation of CPR and AED application by bystan-
der to reduce the possible heterogeneity of the included population.

The full results of the literature search were independently
screened by two authors (GC, NS) to identify all relevant articles
from titles and abstracts. The selected articles were then assessed

by full text according to the inclusion criteria. Any disagreements
on the inclusion of studies were resolved by consensus involving
two other authors (AC, MI). The corresponding authors of the
selected studies were contacted in case of doubts about eligibility
or data interpretation. The references of the relevant articles were
also subjected to a screening procedure (snowballing method). Data
were extracted in duplicate by two authors (GC, NS) using a stan-
dardized data extraction form. Discrepancies in the extracted data
were resolved by consensus with the assistance of two other authors
(AC, MI). The final version of the database was validated by all
researchers involved in data collection. When two or more studies
were based on the same patient dataset, the one with the largest
number of patients was included in the analysis. Data were pre-
sented according to the Preferred Reporting of Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist (Supplementary
Material 2).°” No Ethics approval was required for the purpose of
this research.

Outcomes

The primary outcome of the study was the odds of bystander CPR
initiation in patients with cardiac arrest. The secondary outcome
was the odds of bystander AED pads application in patients with car-
diac arrest. The analyses were conducted on adjusted estimates.
Due to substantial heterogeneity the evidence regarding the primary
outcome was narratively summarised according to the Synthesis
Without Meta-Analysis (SwiM) reporting guidelines.*®

Risk of bias assessment

Two investigators (GC, NS) independently assessed the risk of bias
of the included studies. Any disagreements on the risk of bias
assessments were resolved by consensus with two authors (AC,
MI). The Risk Of Bias in Non-randomised Studies of Interventions
(ROBINS-I) tool was used for non-randomised studies with a control
group.®® The Risk-of-Bias VISualisation (robvis) tool was used to
generate risk of bias assessment graphs (traffic light plots and
weighted summary plots).*® The degree of certainty of the evidence
(i.e. overall effect estimates) was assessed for the primary and sec-
ondary outcomes using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) method.*'

Statistical analysis

We used the generic inverse variance method to pool adjusted esti-
mates and standard errors (SEs) from included studies reporting
odds ratios (ORs) and 95% confidence intervals (Cl) from multivari-
able models. The ORs were transformed to natural logarithm, and
SEs were calculated from the 95% Cls using standard formulas.*>**
The results were reported as ORs with their 95% Cls. Male patients
were considered as control group. In case the included studies pre-
sented female sex as the control group, the corresponding author of
the study was contacted, and the OR and Cl were calculated through
the inversion of the reference group. “> The meta-analysis was pet-
formed using adjusted estimates from multivariate models or
propensity-matched cohorts for the primary and secondary out-
comes. ORs and Cls were transformed into natural logarithms and
SEs using standard formulas.*® If included studies provided more
than one adjusted analysis for the same cohort and outcome, the
data resulting from the model adjusted for the largest number of rel-
evant covariates were used. Random effects models were used for
all analyses. We planned sensitivity analyses based on the risk of
bias of the included studies. Pre-planned subgroup analyses were
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performed to address possible heterogeneity arising from the geog-
raphy of the studies, the age of the patients, and the location of car-
diac arrest. We also performed an analysis based on the unadjusted
data (events and totals) for the primary outcome. All P-values were
two-sided. P-values inferior to 0.05 were considered statistically sig-
nificant. Statistical heterogeneity (i.e., random variation between
studies) was assessed using the non-parametric ¢ test (Cochran
Q), the I? statistic, and by visual inspection of forest plots.*® Hetero-
geneity was considered likely if Q > df (degrees of freedom) and con-
firmed if the P-value was 0.10 or less. Analyses were performed
using RevMan version 5.4 (Review Manager (RevMan). Version
5.4. The Cochrane Collaboration, 2020).

Results

Search results and characteristics
Overall, the literature search identified 2210 studies, and after
removing duplicates, 1665 articles were screened by titles and
abstracts. Among them, 100 full-text articles were assessed for eligi-
bility. Nineteen studies reported data of interest, three of which con-
sidered data from clinical registries investigated by other studies and
were excluded in favour of studies that included a larger number of
cases.?®*%%° Two studies were excluded because they did not pro-
vide adjusted data for the outcome of interest**“® and one study was
excluded because it provided only disaggregated data related to the
study intervention for the outcome of interest.*® Additionally, one
study was excluded because it presented data on CPR initiation
and AED application by EMS.?? Thus, fifteen studies were included
in the systematic review and meta-analysis for a total of 499,854
patients, of which 174,951 were female (35%).'72123-28:31-34 gyp-
plementary Material 3 shows the inclusion and exclusion process
according to the requirements of the Preferred Reporting of ltems
for Systematic Reviews and Meta-Analyses (PRISMA).*¢

All included studies are observational cohort studies. No RCTs,
quasi-randomised, or cluster-randomised studies were identified.
The included studies were conducted in the United States, Canada,
South Korea, Qatar, Germany, Japan, Malaysia, Singapore, Taiwan,
Thailand, United Arab Emirates, China, India, and Australia. All stud-
ies reported events of OHCA. Seven studies explicitly adopted the
Utstein definition of cardiac arrest.???!242531.3347 The remaining
studies reported the definition of cardiac arrest in the methods sec-
tion. All studies provided analyses adjusted for patient and event
characteristics as potential confounders (e.g., age, location of car-
diac arrest, presence of witnesses, response time of emergency ser-
vices, year). The full list of covariates for each adjusted analysis
included is shown in Supplementary Material 4. Detailed character-
istics of the included studies are provided in Table 1.

Risk of bias

Twelve of fifteen studies were qualitatively assessed for the primary
outcome (bystander CPR initiation) using the ROBINS-I tool. Eight of
the twelve studies were assessed at moderate risk of bias, and four
were assessed at serious risk of bias due to confounding. Six studies
were qualitatively assessed for the secondary outcome (bystander
AED application) using the ROBINS-I tool. All were assessed at
moderate risk of bias due to confoundings. Fig. 1 shows the judg-
ments for each domain per study as traffic light plots and the distri-
bution of risk of bias judgments within each domain as weighted
bar plots.

Primary outcome — Bystander CPR initiation

Twelve studies reported adjusted analysis on bystander CPR initia-
tion and were included in the meta-analysis for the primary outcome.
The result of the meta-analysis regarding the association between
bystander CPR initiation and patient’s sex was characterised by sub-
stantial heterogeneity ( = 89%, very low certainty evidence), so we
decided to summarise the evidence narratively. The Forrest Plot in
Fig. 2 shows the adjusted estimate for the primary outcome of the
included studies. The included studies evaluated a total of 430,974
cases. Most studies did not report significant differences in the
adjusted odds ratios of bystander CPR initiation in female patients
compared with males.'972123:24.27.28.31.33 | ji; ot g| found an advan-
tage for female sex®* in contrast with the more recent findings of
Munot et al®®. Matsuyama’s et al. results were divided per location
with a reduction of CPR initiation in female patients in case of cardiac
arrest in public.” Reasons for heterogeneity may reside in popula-
tion characteristics and residual confounding. Seven studies
included only adult patients'”2%:21:27:28.:31.34 according to study defi-
nition, Okubo et al. included paediatric patients®>, Matsui et al.
included patient with scholar age (6-21 year-old)'® and lastly the
studies by Munot et al. Paratz et al. and Souers et al. did not apply
any age restriction.”*>>° Three studies included only cases of wit-
nessed OHCA'725% and five studies excluded OHCA occurring in
healthcare facilities or nursing homes.'7:2%:27:31:34

Secondary outcome — Bystander AED application

Six studies reported adjusted analysis for the outcome of bystander
AED application and were therefore included in the meta-analysis
regarding the secondary outcome. Female sex was associated with
reduced odds of receiving AED pads application compared with male
patients in case of cardiac arrest (OR 0.79; 95% Cl 0.66-0.94;
P = 0.008; = 45%; moderate certainty evidence; Fig. 3). Supple-
mentary Material 5 summarises the degree of certainty of the evi-
dence assessed using GRADE.

Sensitivity analysis

The pre-planned sensitivity analysis was performed as per protocol
including studies at low and moderate risk of bias. The analysis did
not produce a consistent reduction in heterogeneity. (# = 64%); Sup-
plementary Material 6).

Following the review process one further sensitivity analysis was
performed regarding the secondary outcome. In this analysis the
study by Chavez et al®’ was excluded as it might be interpreted that
“bystander AED”, as reported in the original study, might indicated
bystander shock delivery instead of bystander AED application.
The sensitivity analysis showed results comparable to the analysis
of the secondary outcome (OR 0.81; 95% CIl 0.67-0.97, P = 0.03,
P = 47%; Supplementary Material 7).

Subgroup analysis

As per protocol subgroup analyses studying the association between
female sex and bystander CPR initiation were performed on location
of cardiac arrest (public vs private), age (adults vs paediatric) and
geographic regions (Asian vs non-Asian countries). Geographic sub-
groups were formed according to the distribution and the number of
studies included. As shown in Supplementary Material 8 studies on
public location more often reported data on lower odds of bystander
CPR initiation in female sex compared with male, while the trend was
opposite in private location. Trends regarding age and geography



Table 1 - Summary of included studies. AED automated external defibrillator; CPR cardiopulmonary resuscitation; EMS emergency medical service; OHCA out
of hospital cardiac arrest.

Study ID Country Study Type Years of Patients, Population Characteristics Setting Outcome of Interest
Interest Ne
Awad et al. 2020 Canada Observational 2011-2016 8,115 Adult patients (>18 years) with non- OHCA in public Bystander CPR initiation defined as
analysis of the traumatic OHCA treated by EMS. and private CPR performed before the EMS
British Columbia Patients with “do not resuscitate” locations arrival
Cardiac Arrest registry orders, those pronounced dead on attended by
EMS arrival were excluded. EMS
Awad et al. Qatar Retrospective analysis 2016-2022 4,283 Adult patients (>18 years) or older OHCA in public Bystander CPR initiation defined as
2023 of Hamad Medical with non-traumatic OHCA treated by and private CPR performed by lay-person before
Corporation OHCA EMS. Patients pronounced dead on location the EMS arrival
registry EMS arrival were excluded. attended by
EMS
Blewer et al. 2018 United States, Retrospective Cohort  2011-2015 19,331 Adult patients (>18 years) with non- OHCA in public Bystander CPR initiation defined as
Canada Study of the traumatic OHCA attended by EMS.  and private BCPR from a layperson excluding
Resuscitation Arrest events that occurred in a locations those from police, healthcare
Outcomes Consortium residential institution or healthcare attended by workers, EMS, or other first
registry center and those that were withessed EMS responders
by EMS were excluded.
Bockler et al. 2023  Germany Observational cohort 20062022 58,798 Adult patients (>18 years) with all OHCA in public  Bystander CPR initiation
study from the cause OHCA attended by EMS and private
German Resuscitation locations
registry attended by
EMS
Chavez et al.2022 United States Retrospective 2019-2020 8,037 Adult patients (>18 years) with all OHCA in public Bystander CPR initiation and AED
registry-based study cause OHCA attended by EMS and private application
of Texas Cardiac during two study periods: pre- locations
Arrest Registry to COVID-19 and during COVID-19. attended by
Enhance Survival Observations of cardiac arrest EMS
(CARES) witnessed by EMS or occurring at a
healthcare facility were excluded.
Grunau et al. United States, = Observational cohort  2011-2015 61,473 Patients (>10 years) with EMS- OHCA in public Bystander AED application
2020 Canada study based on the treated non-traumatic OHCA. Cases and private
Resuscitation of cardiac arrest witnessed by EMS  locations
Outcomes Consortium were excluded. attended by
(ROC) Epistry 3 EMS
cardiac arrest registry
Kiyohara et al. Japan Retrospective 2011-2018 4,358 Patients (all ages) with all-cause OHCA in public Bystander AED application defined
2020 population-based OHCA treated by EMS personnel. location as application of public-access AED

registry study based
on the Osaka
Municipal Fire
Department register
for OHCA

Cases of cardiac arrest witnessed by
EMS personnel or family members
were excluded from the analyses.

attended by
EMS

pads on a patient’s chest by
bystanders.
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Table 1 (continued)

Study ID Country Study Type Years of Patients, Population Characteristics Setting Outcome of Interest
Interest Ne
Liu et al. Japan, South Secondary analysis of 2009-2018 56,192 Adult patients (>18 years) with non- OHCA in public Bystander CPR initiation defined as
2022 Korea, the Pan-Asian traumatic OHCA patients transported and private layperson BCPR, which includes
Malaysia, Resuscitation by EMS. Cases of cardiac arrest with  locations dispatcher-assisted performed by
Singapore, Outcomes Study CPR performed by healthcare attended by layperson bystanders in all sites
Taiwan, (PAROS) providers in healthcare facilities, EMS
Thailand, UAE, nursing homes, witnessed by EMS/
China and India private ambulance crews, with no
attempted resuscitation or
pronounced dead on the scene were
excluded.
Matsui et al. Japan Observational cohort  2008-2015 232 Patients (from 6 to 21 years) with OHCA in school Bystander CPR initiation and AED
2019 study from the non-traumatic OHCA with campus application
SPRITS database resuscitation attempt performed by attended by
EMS personnel or bystanders. EMS or
Cases in which OHCA occurred after bystander
EMS arrival were excluded
Matsuyama et al. Japan Observational study 2013-2015 84,734 Adult patients (>18 years) with OHCA in public Bystander CPR initiation
2019 based on the All- OHCA of medical origin resuscitated and private
Japan Utstein registry by by-standers or EMS personnel location
and transported to medical witnessed by
institutions. OHCA not witnessed, bystanders
with unknown documented or
occurring in health care facility or
unknown location were excluded.
Munot et al. Australia Observational 2017-2019 4,491 Patients (all ages) with non-traumatic OHCA in public Bystander CPR initiation and AED
2024 analysis of the NSW bystander-witnessed cases of OHCA and private application defined as CPR provided
Public Health Risks attended by EMS. Cases EMS- locations by any person who hap- pens to be
and Outcome registry witnessed, unwitnessed, with an attended by nearby and is not part of the
advance care directive, occurring in  EMS and organised emergency response
nursing homes, medical centres, witnessed by system and AED connected to the
police stations, correctional facilities  bystanders patient prior to ambulance arrival.
and ambulance stations were
excluded.
Okubo et al. Japan Nationwide cohort 2005-2015 4,525 Pediatric patients (<17 years) with OHCA in public  Bystander CPR initiation
2018 study from the All- layperson-witnessed and private
Japan Utstein registry all-cause OHCA and EMS attempted locations

resuscitation. EMS-witnessed arrest,
unwitnessed arrest, unknown age,
unknown witness status, unknown
first documented rhythm, and
unknown layperson CPR were
excluded.

attended by
EMS witnessed
by bystanders

(continued on next page)
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Table 1 (continued)

Outcome of Interest

Setting

Years of Patients, Population Characteristics
NO

Study Type

Country

Study ID

Interest

Bystander CPR initiation

OHCA in public
and private
locations

Patients (all ages) with OHCA of

presumed cardiac cause EMS

32,502

2002-2021

Retrospective study

Australia

Paratz et al.
2023

based on the Victorian
Ambulance Cardiac
Arrest registry

attended. Cardiac arrests witnessed
by EMS personnel were excluded.

attended by
EMS

Bystander CPR initiation

OHCA in public
and private
locations

Patients (all ages) with all cause

OHCA

149,734

Retrospective analysis 2019

of NEMSIS (National
Emergency Medical

United States

Souers et al.
2021

attended by EMS

attended by
EMS

Services Information

System)

Bystander (including law

OHCA in public
and private
locations

Adult patients (>18 years) with non-
traumatic EMS treated OHCA.
Cardiac arrests in patients with

Secondary analysis of 2018-2021 3,049

data prospectively

United States

Thompson et al.

2024

enforcement) AED application

collected as part of the

Portland cardiac

attended by
EMS

preexisting do not resuscitate orders,
or EMS witnessed OHCA were

excluded.

arrest epidemiology

registry

were of unclear interpretation. Supplementary Material 9, 10.
Heterogeneity remained substantial in all subgroup analyses, with
a reduction in the subgroup analysis per age ( = 54%).

Unadjusted analysis

The analysis of unadjusted data (events and totals) for the outcome
of bystander CPR initiation showed substantial heterogeneity. Sup-
plementary Material 11.

Discussion

To the best of our knowledge, this is the first systematic review and
meta-analysis to assess the association between cardiac arrest
patient’s sex and the odds of bystander CPR initiation or AED pad
application. Thresholds for the interpretation of the |2 statistic can
be misleading, since the importance of inconsistency depends on
several factors.”® As a consequence, the evidence regarding the
association between patients’ sex and bystander CPR initiation
was presented narratively due to the substantial heterogeneity
resulting from the meta-analysis. Notably, pre-planned and post-
hoc subgroup and sensitivity analyses failed to reduce the hetero-
geneity significantly. We found a significant adjusted association
between female sex and the lower probability of bystander AED pads
application in the event of cardiac arrest (moderate certainty of
evidence).

The importance of the chain of survival, prompt initiation of resus-
citation manoeuvres and improved survival following early defibrilla-
tion are well documented in the literature.*®~>* Matsuyama et al. in a
scoping review investigated the factors favouring and inhibiting the
willingness of lay rescuers to perform CPR manoeuvres. Among
the latter, the fear of causing harm to the subject, personal physical
factors, physical characteristics of the subject such as the presence
of vomit or blood, socioeconomic level, race and gender of the
patient were identified.'® The role of patient sex has been investi-
gated in the literature and the results are heterogeneous. Several
studies report lower rates of bystander CPR for women than men,
even after adjusting for potential confounders.?°2”>° This difference
appears to be more evident in the context of cardiac arrest occurring
in public locations, where the subject is less likely to be known by
bystanders.®* In contrast, other studies report comparable rates of
CPR in both sexes. Large studies conducted in Japan and Korea
have shown equivalent or even higher rates of bystander CPR in
women.®* Cultural factors and widespread CPR education may
therefore have contributed to overcoming the hesitations found in
more Westernized countries.?**%%”

Heterogeneity was not overcome by subgroup analyses of
bystander CPR initiation in female patients experiencing cardiac
arrest in a public or private location, in Asian or non-Asian countries
and in adult or paediatric populations. The studies evaluating cardiac
arrest in a public place trend toward a disadvantage for women in
receiving CPR, except for the study by Awad et al.?' The latter
includes events of cardiocirculatory arrest occurred in Qatar. It is
possible that the different trend of this study may be justified by
sociocultural customs with an extremely low percentage of women
who experience cardiac arrest in public locations. ?' Studies often
report results separately for public and private locations, acknowl-
edging the distinct contexts of cardiac arrests in these settings.'”
Moreover, some studies excluded events of cardiac arrest in nursing
homes, healthcare facilities and those witnessed by EMS: these
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peculiar situations may alter the rate of bystander CPR initiation.
Interesting results may arise from the evaluation of the specific loca-
tion of the cardiac arrest such as home, working places or rural con-
texts. Additional data on this variable might be useful to better
explain hindering factors to the initiation of bystander CPR and
AED application. The presence of substantial heterogeneity among
the studies included in the synthesis without meta-analysis of the pri-
mary outcome results in a very low certainty of evidence. This could
be partially explained by population factors such as different timing
and organization of EMS, whether all cases were registered or only
cases of cardiac arrest transported to hospital, time of the day of car-
diac arrest and other confounding factors not evaluated by some

Risk of bias domains
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studies such as telephone-assisted CPR by emergency services.
Furthermore, the included studies reported data on cohorts of adult
and paediatric patients. The subgroup analysis per age partially
reduced heterogeneity. A possible explanation lies in the facts that
adult patient cohorts also include elderly patients. In fact, as shown
by Matsuyama et al. and Kiyohara et al., there is an association
between the advanced age and paediatric age and a greater willing-
ness to start bystander CPR or apply AED pads compared with
younger women,'”"'8

The evidence regarding bystander AED pads application in
women with cardiac arrest is scarcer but the results are consistent
in observing a lower use of the AEDs, and a delay in shock delivery
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Fig. 1 - Risk of bias assessment of included studies. The figure shows the qualitative assessment of the included
studies, performed using the ROBINS-I tool. The ratings of each domain per study are shown as “traffic light” plots
(panels a. and c.). The distribution of risk of bias ratings within each bias domain is shown as weighted bar plots
(panels b. and d.). Panels a. and b. show the evaluation for the outcome bystander CPR initiation. Panels b. and d.
show the evaluation for the outcome bystander AED application.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE 1V, Random, 95% ClI IV, Random, 95% ClI
Awad 2020 -0.06765865 0.05263685 0.93 [0.84, 1.04] —+7
Awad 2023 -0.01005034 0.09098851 0.99[0.83, 1.18] -1
Blewer 2018 0.03045921 0.03688297 1.03 [0.96, 1.11] T
Bockler 2023 0.04082199 0.0265972 1.04 [0.99, 1.10] it
Chavez 2022 0.01980263 0.04742331 1.02 [0.93, 1.12] 2
Liu 2022 0.12221763 0.02041906 1.13 [1.09, 1.18] +
Matsui 2019 -0.21072103 0.51058163 0.81[0.30, 2.20] t
Matsuyama A 2019 -0.0101 0.0361 0.99[0.92, 1.06] =+
Matsuyama B 2019 0.07696104 0.02117268 1.08 [1.04, 1.13] +
Munot 2024 -0.32850407 0.07441485 0.72[0.62, 0.83] -
Okubo 2018 0.13102826 0.06990693 1.14 [0.99, 1.31] i
Paratz 2023 -0.08338161 0.02511226 0.92 [0.88, 0.97] +
Souers 2021 -0.05129329 0.01074273 0.95 [0.93, 0.97] t

0.2 0.5 ] 2 5

Male Female

Fig. 2 - The figure shows the forest plot with the adjusted estimates regarding the studies included for the primary
outcome “bystander CPR initiation”. The study by Matsuyama et al. was included in two separate cohorts, as
provided by the authors (cohort A patients with cardiac arrest in public location, B with cardiac arrest in private

location).

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Chavez 2022 -0.5108 0.2485 9.0% 0.60[0.37, 0.98]
Grunau 2020 -0.2744 0.087 22.7% 0.76 [0.64, 0.90] g
Kiyohara A 2020 0 1.63037736 0.3% 1.00 [0.04, 24.42]
Kiyohara B 2020 -0.6162 0.28568615 7.4% 0.54 [0.31, 0.95] —_—
Kiyohara C 2020 -0.04082199 0.16931972 14.3% 0.96 [0.69, 1.34] .
Kiyohara D 2020 0.37156356 0.22424657 10.4% 1.45[0.93, 2.25] T
Matsui 2019 -0.821 0.4028 4.3% 0.44 [0.20, 0.97] — =
Munot 2024 -0.1863 0.1592 15.2% 0.83[0.61, 1.13] —=T
Thompson 2024 -0.3365 0.1459 16.4% 0.71[0.54, 0.95] -
Total (95% Cl) 100.0% 0.79 [0.66, 0.94] <
. 2 _ . 2 — — 12 = o, } } } }
Heterogeneity: Tau’ = 0.03; Chi* = 14.55, df = 8 (P = 0.07); I*° = 45% 0.05 o> i s 20

Test for overall effect: Z = 2.66 (P = 0.008)

Male Female

Fig. 3 - The figure shows the forest plot with the results of the meta-analysis on the adjusted estimates regarding the
secondary outcome “bystander AED application”. The study by Kiyohara et al. was included in the analysis with four
separate cohorts, as provided by the authors (cohort A patient aged O to 14 years, B 15-49 years, C 50-74 years, D

greater than 75 years).

in women in cardiac arrest,'?2426:3245.58 The results from this meta-
analysis reflect the data in the literature: female patients with cardiac
arrest have a significantly reduced probability of having applied an
AED with a moderate degree of evidence.

It has been hypothesized that the difference in the willingness of
rescuers to perform CPR, compared with using the AEDs, may be
explained by the need to fully expose the patient’s chest for the exe-
cution of the second maneuver.'?>” Perman et al. and Becker et al.,
through surveys, investigated the possible causes that may lead to a
lower willingness to perform resuscitation manoeuvres both in sub-
jects with and without BLS training. These studies raise concerns
about the exposure of the women’s breasts, the sexualization of
the woman’s body, the possibility that the breasts interfere with
CPR manoeuvres, the possibility that resuscitation manoeuvres
can cause damage, the altered perception of the severity of woman’s
clinical condition and the concern of being accused of sexual
abuse.>%%°

Throughout this paper we refer to the patient’s sex as reported in
the included studies. Future research should specifically investigate
the role of patients’ gender due to the possible role of socially con-
structed characters, behaviours and identities in the willingness of
bystander CPR initiation and AED application as done in two of the
included studies.?®2¢!

Education and training to perform BLS manoeuvres in individuals
with female secondary sexual characteristics may help reduce this
important gender gap. In fact, according to Kramer et al, in a sce-
nario in which female secondary characteristics were attributed to
the simulation mannequin, rescuers removed less clothing from the
female mannequin, compared with the male, with a difference
between male and female rescuers.®? Furthermore, apart from man-
nequins simulating pregnant women, simulation mannequins cur-
rently on the market do not have specifically feminine physical
characteristics. They have a torso identical to a male, plastic hair
styled differently and a typically female name.?® The presence of
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mannequins with female secondary sexual characteristics and the
presence of a greater number of female volunteers in BLS courses
and simulated scenarios involving female patients may be useful
for students to familiarize with events of cardiac arrest in female
patients.5%°

Another important aspect is the role of dispatcher assisted CPR
and the characteristics and training of EMS in recognizing a possible
cardiac arrest in female patients by phone.®* The study by Ko et al.
shows an increase in the rate of initiation of CPR in the group in
which telephone-assisted resuscitation was performed with instruc-
tions and encouragement.®® As underlined by Chen et al. these
topics are rarely investigated in literature.'*

Limitations

The first limitation of this study lies in the substantial heterogeneity of
the primary outcome which led to the synthesis of the results without
meta-analysis. Future research should investigate further variables
possibly linked to this result. We were unable to evaluate the even-
tual role of the gender of first responders as effect modifier of the
association between our outcomes and patient’s gender due to the
lack of reporting of the included studies. Similarly, we could not
assess whether patients were known to the bystander rescuer or
were strangers. Only one study reported data from Europe®® and
no study was carried out in countries with a high gender inequality
index. %° Thus, we cannot speculate on the impact of specific (gran-
ular) geographic locations and the review findings. Timely resuscita-
tion is pivotal to improve clinical outcome.*®>>°® Qur study examines
bystander CRP initiation and AED pads application, but we were
unable to evaluate the promptness of the starting of resuscitation
manoeuvres, which represents a variable of major clinical
importance.

Conclusions

The evidence regarding the association between bystander CPR ini-
tiation and patient’s sex is characterised by substantial heterogene-
ity. In cardiac arrest, female sex appears to be associated with lower
probability of bystander AED pad application compared with males
(moderate certainty evidence). Our findings should be cautiously
interpreted due to the lack of granular geographic distribution of
the included studies. Further research should evaluate this associa-
tion in more detail in different clinical settings, geographic areas and
age subgroups and by evaluating the role of telephone assisted
CPR. Research and education initiatives should aim to identify the
causes of this gap and solve it by educating rescuers to perform
BLS manoeuvres in settings that include female patients.
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