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Abstract

Background: Previous studies have suggested that females experiencing out-of-hospital cardiac arrest (OHCA) receive lower rates of both bystan-
der cardiopulmonary resuscitation (CPR) and defibrillation compared to males. Whether this disparity has improved over time is unknown.
Methods: A state-wide OHCA registry in Victoria, Australia collected data over twenty years (2002—-2021) regarding rates of bystander interventions
in OHCA. Characteristics and outcomes of each OHCA were compared with logistic regression according to sex and time (defined in two-year
periods).

Results: 32,502 OHCAs were included (69.7% male). Both bystander CPR and defibrillation rates increased for females over time (p < 0.0001).
There was no sex disparity in receipt of bystander CPR after adjustment for baseline differences. Females were less likely than males to receive
bystander defibrillation, with sex disparity increasing from 2010 onwards (adjOR 0.26 (95%CI 0.09-0.80) in 2020-21 for females compared to
males).

Conclusion: Initiatives to increase bystander CPR and defibrillation have resulted in higher overall rates of bystander interventions in the last two
decades and no significant sex differences in provision of bystander CPR. However, females receive less bystander defibrillation than males, and
sex disparity is increasing. Strategies to promote bystander defibrillation in females experiencing OHCA with a shockable rhythm should be a priority.
Keywords: Sex, Female, Cardiac arrest, Bystander CPR, Bystander defibrillation

and may result in approximately a doubling in OHCA survival.>® As
ambulance response times increase worldwide”*® the role of bystan-
ders becomes increasingly important.

Unfortunately, there are suggestions in many countries that
death worldwide, affecting almost 4 million people globally each females experience lower rates of bystander CPR, AED pad place-
year.! As with many disease conditions, it is an area in which  ment and appropriate defibrillation compared to males.®'° In Victoria,
females experience systematically different management and out- Australia, Bray et al documented that from 2003-2010, females were
comes to males.”” less likely than males to receive bystander CPR. Bystander defibrilla-

Bystander interventions include bystander cardiopulmonary  tion rates were not assessed.'" In the intervening decade, large com-
resuscitation (CPR), application of automatic external defibrillator  mynity and government initiatives have resulted in increased overall
(AED) pads and bystander defibrillation if a shockable rhythm is iden- rates of bystander CPR and defibrillation.®® It is important to re-
tified. Early intervention by bystanders has been shown to be supe-
rior to subsequent interventions by first responders or paramedics,*

Background

Out-of-hospital cardiac arrest (OHCA) is one of the major causes of

assess whether this sex disparity in bystander CPR persists or has
resolved, and whether bystander defibrillation rates are equivalent.
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Table 1 - Changes in OHCA characteristics amongst all OHCA patients over time (sex-disaggregated).
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This study utilised a statewide OHCA registry to assess two dec-
ades of data and define sex-specific trajectories in rates of bystander
interventions.

Methods

Patient inclusion

The Victorian Ambulance Cardiac Arrest Registry (VACAR) records
data on all out-of-hospital cardiac arrests (OHCA) attended by emer-
gency medical services (EMS) within the state of Victoria, Australia
(population 6.5 million). Its methods have been described in detalil
previously, with all patient-level details are collected according to
standard Utstein template metrics.'> Missingness of data is very
low within the registry, at <1% across all variables."® Within this
study, all patients receiving an attempted resuscitation for cardiac
arrest of presumed cardiac cause by EMS personnel between
2002 and 2021 were initially identified. Arrests with precipitating
causes of trauma, overdose or hanging were excluded from analysis.
Cardiac arrests withessed by EMS personnel were then excluded, as
bystander interventions would not be relevant.

Data regarding baseline characteristics and components of the
OHCA’s management were collected for all patients. The primary out-
come was the proportion of patients receiving bystander interventions
(CPR and defibrillation) according to sex, and variation over time.
Bystanders included first responders who were local volunteers, such
as those participating in the GoodSAM or Hatzolah initiatives.'*'®

Statistical analysis
Periods of time were defined as ten two-year intervals, correspond-
ing to 2002-3, 2004-5, 2006-7, 2008-9, 2010-11, 2012-13,
2014-15, 2016-17, 2018-19 and 2020-21. The 2002-3 period
was used as the reference category for all comparisons. Changes
in baseline and OHCA characteristics over time were assessed for
females and females versus males. Adjusted odds of receiving
bystander interventions were then calculated for each time-period.
For continuous variables, statistical comparisons were made
using the Kruskal-Wallis test, with results reported as median value
and interquartile range. Categorical variables are reported as abso-
lute values and percentages, with unadjusted logistic regression
used to assess trends over time. Multiple logistic regression was per-
formed to assess bystander interventions after adjustment for identi-
fied baseline differences, with an interaction term included between
time-period and sex. Results were reported as odds ratios and
95% confidence intervals. A significance threshold of P < 0.05 was
considered significant in all analyses. All statistical analysis was per-
formed using STATA/MP v17.0 (STATACorp LLC, Texas United
States of America).

Ethical approval
The VACAR holds overarching ethical approval through Monash
University. This study was performed as a sub-study of the larger

registry.

Results

Overall female vs male cohort characteristics
Over the twenty-year time-period, 32,502 OHCAs were included, of
whom 22,637 (69.7%) were male (Table 1). Females were
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Table 2 - Changes in OHCA characteristics amongst female OHCA patients over time.
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3 3 in a public location at the time of their arrest, have a witnessed
o o arrest, or shockable initial rhythm (p < 0.0001 for all).
:;"\ . Female OHCA trends over time
w':' g° Females were less likely to arrest in a metropolitan or public
s & location in 2020-21 (which incorporated COVID-19 lockdowns)
S & compared to earlier time-periods and were less likely to have a
witnessed OHCA (p < 0.0001 for all) (Table 2). Rates of shock-
§ . able rhythm declined over the time periods (19.9% of OHCAs in
o
&i § 202021 compared to 25.3% of OHCAs in 2002-3, p < 0.0001),
= and ambulance response times lengthened by approximately 1
> & minute (p = 0.0001).
Rates of bystander interventions increased for females over
X time. Specifically, bystander CPR rates increased from 42.7% in
- o
,‘li PN 2002-3 to 71.3% in 2020-21 (p < 0.0001) and bystander defib-
o &£ rillation rates rose from 1.8% in 2002-3 to 5.3% in 2020-21
© (p < 0.0001).
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N~ Yol . . . .
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é’ = (Fig. 1). Analysis of the interaction of sex and time did not
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o T receipt of bystander CPR over time.
8 2 Bystander defibrillation commenced at low levels in the com-
. munity in the first time-period but increased significantly from
8 ) 2008 (Fig. 2). Increasing sex disparities in bystander defibrilla-
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o~ 5
8
< s Discussion
o @
& ¥ |£
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g if g disparity exists. Our study identifies equivalent rates of bystan-
i) der CPR for females but a widening sex gap in bystander
9 5 defibrillation.
o - g
SRS o}
P 2 ﬁ Global variation in bystander CPR for females
A o International studies have consistently shown reduced rates of
<}
2 = = bystander CPR for females compared to males, even when
o r°\_ —_ 2 adjusted for baseline differences in female OHCA presenta-
Eg £ ti 16-20,9,10
=23 <o) ] ons.
E K T § Two interesting patterns have emerged that run counter to
m © 2 .
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. Z § Firstly, the reductions in bystander CPR seem to be most pro-
£ _E E ?5 g % nounced in public locations where it is less likely that the patient
2 E 28 &% _§' will be known to the bystander.?’ Blewer et al demonstrated in
5 = ;’ s s g § an American study of almost 20,000 patients that bystander
§ E 5 g 2R L5 cg CPR differences were statistically significant between the sexes
Sl only in public locations.'” The same pattern was observed in
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Yellow shaded boxes are significantly different to the reference category

Fig. 1 - The proportion of bystander CPR rose from 2008, with no significant sex disparity.

Denmark in a similar-sized cohort from 2001-10, although in this
cohort significant differences were still observed in both private
and public locations.'® This pattern has been interpreted by multiple
study authors as reflecting particular discomfort in performing CPR
or exposing the chest of an unknown female in public locations.?*#*
In our study, where adjustment for baseline differences included pub-
lic location status, we did not identify a significant difference in
receipt of bystander CPR.

The second interesting pattern to have emerged from the litera-
ture is that reduced bystander CPR for females does not appear
as prevalent in Asian countries.>* Multiple large studies across
Japan and Korea have demonstrated equivalent or even superior
rates of bystander CPR for females.>>?’ Cultural factors and/or
widespread CPR education may therefore have assisted in overcom-
ing hesitations seen in more Westernized countries regarding per-
forming bystander CPR on females.

Global variation in bystander defibrillation for females
There is less available data regarding sex disparities in bystander
defibrillation. Concerningly, reductions in bystander defibrillation of
female OHCA patients are not limited to performing actual defibrilla-
tion. Multiple studies across Japan, the Netherlands and the United
States have reported that female OHCA patients are less likely to
have AED pads applied to ascertain cardiac rhythm in the first
instance.?®3°

In a sub-analysis of the TTM trial across 36 intensive care units in
Europe and Australia, Winther-Jensen et al reported that females
with shockable rhythms received bystander defibrillation less fre-
quently than males.®* An analysis of approximately 20,000 American
OHCA cases with high overall bystander defibrillation rates reported
similar findings,*® as did a larger analysis of the CARES and NEM-
SIS registries®® and a study in Denmark.'® Concerningly, the Dan-
ish study incorporated a longitudinal analysis over ten years that
demonstrated that, while males experienced a significant increase
in bystander AED usage, females did not.'°

The Asian trend to equivalency in bystander CPR does not
appear to extend to bystander defibrillation.®” In an analysis of
OHCAs in Japanese schools, Matsui et al identified no sex-specific
differences in receipt of bystander CPR, but that high-school girls
were less likely to either have AED pads placed or an appropriate
shock delivered.?® Hosomi et al reported in a larger analysis of
314,460 Japanese OHCA patients that while bystander CPR rates
were actually higher in females, males were approximately twice
as likely to receive bystander defibrillation.?> Both study groups
hypothesised that this apparent paradox resulted from the fact that
chest compressions could be performed without removing clothing
whilst defibrillation demanded exposure of the chest.?*2®

Addressing reasons underlying paradoxical sex disparities
between bystander interventions

There are consistent themes in interviews with bystanders that rea-
sons underpinning the reduced rates of interventions primarily relate
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Fig. 2 - The proportion of bystander defibrillation rose significantly from 2008. Females received relatively less
bystander defibrillation compared to males from 2010 onwards.

to concerns around public exposure of females’ chests, causing
injury, and mis-attribution of female OHCA.?>*® These themes would
fit with Hosomi and Matsui’s observation that it is possible to provide
CPR to a clothed female, but usually infeasible to place AED pads
and defibrillate a patient without some degree of exposure.?>2® This
may explain the paradox of equivalent bystander CPR but reduced
defibrillation for females.

Becker et al interviewed over 500 CPR course attendees in the
United States, with 20.5% reporting concerns performing CPR on
female OHCA patients; 14% specifically reported concerns exposing
the patient or of breasts interfering with CPR performance. A further
6% reported concern regarding the potential for being accused of
sexual assault.>® Another similarly-sized cohort of Americans (42%
of whom had previously received formal CPR training) raised con-
cerns that females were too frail to receive CPR, and their percep-
tions that a female becoming unresponsive was unlikely to
represent a true OHCA.*® In Korea, Lee et al have identified that
female bystanders are less likely than males to provide bystander
CPR in the first instance.’® Taiwanese researchers have also identi-
fied that females are less likely to perform bystander defibrillation.*'
In Canada, Kramer et al have demonstrated in simulated studies of
participants that CPR students remove significantly more clothing
from male than female mannequins, with male bystanders more
hesitant than females.*

Steps to address these bystander concerns that result in real
inequity are vital. Firstly, CPR courses should pursue equal recruit-
ment of female volunteers, as well as usage of female mannequins
with visibly female anatomy upon which to practise pad placement

and defibrillation. Souers et al have emphasised that ‘a web-based
search for female CPR mannequins results in an anatomically iden-
tical torso to the male, except with plastic hair that is styled differ-
ently, and a female-oriented name assigned to the mannequin.
Without any educational emphasis on anatomical differences, it is
no wonder that perceived frailty, presence of female physique, and
difficulty in recognizing a female in medical distress are all barriers
to bystander [interventions] in female victims .

Clear discussions regarding the practicalities of female resuscita-
tion, practising specific female-centred scenarios and exploring par-
ticipants’ concerns may help anticipate future discomforts.*® Active
dispatcher-assisted instructions encouraging bystander interventions
on females have been shown to provide benefit,** and debriefing
where possible may also be of use. We would also advocate for sim-
ilar analyses to ours within different cultural groups and in other
countries. To date, the bulk of countries demonstrating sex dispari-
ties in bystander interventions are industrialized countries with low
Gender Inequality Index scores.*® This may imply that other coun-
tries with higher structural gender inequality may have even greater
sex disparity in rates of bystander intervention. Alternatively, other
countries may have more equitable rates of bystander interventions
(as seems to be demonstrated regarding bystander CPR in Asian
countries), and it would be valuable to identify contributing cultural
and medical differences.

Limitations
This study did not collect data regarding AED pad placement inde-
pendent of shock being administered, which would be a valuable fac-



6 RESUSCITATIONPLUS 17 (2024) 100532

tor to assess. Changes in dispatcher-assisted instructions have been
documented to have occurred over the study period,*®*” but it was
not possible to specifically tie these to changes in outcomes on a
per-patient level as specific instructions were not routinely captured
in the patient data-sets. As this study is limited to a single state-
wide registry and restricted to data points collected in a retrospective
manner, it would be valuable to replicate the study in other settings.

Conclusion

Initiatives to increase bystander CPR and defibrillation have resulted
in higher overall rates of bystander interventions in the last two dec-
ades and no significant sex differences in provision of bystander
CPR. However, females receive less bystander defibrillation than
males, and sex disparity is increasing. Strategies to promote bystan-
der defibrillation in females experiencing OHCA with a shockable
rhythm should be a priority.
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