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Abstract 

Background  Conflicting data exist regarding sex-specific outcomes after cardiac arrest. This study investigates 
sex disparities in the provision of critical care and outcomes of in-hospital (IHCA) and out-of-hospital cardiac arrest 
(OHCA) patients.

Methods  Analysis of adult cardiac arrest patients admitted to certified Swiss intensive care units (ICUs) (01/2008–
12/2022) using the nationwide prospective ICU registry. The primary outcome was ICU mortality, with secondary 
outcomes including ICU admission probability and advanced treatment provision.

Results  Among 41,733 individuals (34.9% women), 21,692 patients (30.6% women) were admitted to ICUs (16,571 
OHCA patients/5121 IHCA patients). Women were less likely to be admitted to the ICU than men (incidence rate 
ratio 0.82 [95% CI 0.80–0.85] and had a higher ICU mortality (41.8% vs 36.2%; p < 0.001). Mortality differences were 
more pronounced in OHCA patients (unadjusted HR: 1.35 [95% CI 1.28–1.43]; adjusted HR: 1.19 [95% CI 1.12–1.25]). 
In IHCA patients, mortality differences were less pronounced (unadjusted HR: 1.14 [95% CI 1.04–1.25]) and vanished 
after adjustment for confounders: adjusted HR: 1.03 [95% CI 0.94–1.13]). Women after cardiac arrest were older, more 
severely ill, and received fewer interventions before (44.7% vs 54.0%; p < 0.001) and during ICU stay. A subgroup analy-
sis of 11,202 patients revealed that treatment limitations were more frequent in women (46.7% vs 38.7%; p < 0.001). 
However, these limitations were associated with an increased risk of death in both sexes.

Conclusions  This study highlights sex disparities in short-term mortality and ICU resource allocation among cardiac 
arrest patients, with women potentially facing disadvantages, in particular after OHCA. The limitations of ICU registry 
data, particularly the lack of detailed cardiac arrest-specific and comorbidity information, restrict definitive conclu-
sions. Future research should prioritize prospective studies with more granular data to better understand and address 
these disparities.
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Graphical abstract

Sex Disparities in ICU Care and Outcomes After Adult Cardiac Arrest: 
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Introduction
Cardiac arrest is a leading cause of death worldwide 
despite many advances in cardiopulmonary resuscitation 
and intensive care [1–3]. Survivors frequently suffer from 
long-term disabilities and post-intensive care syndrome 
[4–7]. Sex and gender-related factors may impact out-
of-hospital cardiac arrest (OHCA) outcomes, as factors 
associated with favourable outcomes, such as shockable 
initial rhythm or provision of bystander cardiopulmo-
nary resuscitation (CPR) and defibrillation, are less fre-
quently observed in women than in men [8–10]. Several 
recent observational studies provide an increasing body 
of evidence for worse short and long-term survival rates, 
neurological status, and quality of life in women suc-
cessfully resuscitated from cardiac arrest [3, 7, 10–12]. 
In contrast, two recent systematic reviews with meta-
analyses found no sex differences in survival to hospital 
discharge after adjusting for available confounders. How-
ever, these results must be interpreted cautiously due to 

the significant heterogeneity of included studies indicat-
ing potential sociocultural and geographical differences 
[13, 14]. For in-hospital cardiac arrest (IHCA) patients, 
data on sex differences in the provision of intensive care 
resources and survival is scarce [3, 15].

Sex and gender differences in admission to intensive 
care units (ICUs) and the provision of invasive and non-
invasive treatments before and during intensive care (e.g., 
percutaneous coronary interventions (PCI), targeted 
temperature management) have been identified as poten-
tial mediators of the survival discrepancies observed in 
cardiac arrest patients [10, 16]. The disparity in outcomes 
might not be solely related to the provision of treat-
ment but also to how decisions about end-of-life care are 
made, as women after cardiac arrest are more likely to 
undergo withdrawal from life-sustaining therapies [17]. 
Women are also more likely to have treatment limita-
tions in place, such as do-not-resuscitate (DNR) orders, 
which may reflect different preferences for care or biases 
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in medical decision-making [18]. Most studies regarding 
sex- and gender differences in cardiac arrest outcomes, 
provision of intensive care, and end-of-life care were con-
ducted in North America, Asia, Australia, and Northern 
Europe, with only little data from Western Europe [13]. 
The present study aims to assess sex-specific differences 
and temporal trends in ICU mortality, ICU admission 
rates, critical care, and treatment limitations in short-
term cardiac arrest survivors in a large nationwide ICU 
registry from Western Europe.

Methods
Databases and study population
The study used ICU data from the prospective Swiss ICU 
registry (MDSi-Minimal Dataset) of the Swiss Society of 
Intensive Care Medicine (SSICM). The registry consti-
tutes a mandatory continuous data repository, including 
a minimal dataset for every patient admitted to officially 
accredited ICUs in Switzerland (81 to 86 ICUs over the 
15-years study period). After validation and complete-
ness check, the data is anonymized and incorporated 
into a centralized database, as outlined previously [19, 
20]. Additionally, data on overall hospital admissions of 
adult patients with cardiac arrest admitted to any Swiss 
hospital during the study period were requested from 
the Swiss Federal Statistical Office (FSO). All patients 
aged ≥ 18  years who were admitted to a Swiss ICU 
between January 1, 2008, and December 31, 2022, with 
the primary diagnosis of cardiac arrest according to the 
MDSi dataset were included. The overall number of 
patients aged ≥ 18 years with a diagnosis of cardiac arrest 
admitted to any Swiss hospital was electronically identi-
fied and extracted from the FSO dataset. Supplemen-
tary Fig.  1 depicts patient selection from both datasets. 
Details regarding study reporting, assessed variables, and 
definitions are described in the Supplementary Material.

Outcome measures
The primary outcome was ICU mortality. The incidence 
of ICU admission after cardiac arrest and the provision 
of advanced treatments were assessed as key secondary 
outcome measures. Advanced treatments included inter-
ventions before ICU admission and treatments during 
the ICU stay. Further secondary outcomes included ICU 
length of stay and discharge destination. ICU mortality 
and the incidence of ICU admission were additionally 
assessed over time to gain insights into temporal trends.

Statistical analysis
Descriptive statistics are shown as mean ± Standard 
Deviation (SD) or median and interquartile range (IQR) 
for continuous variables, and numbers with proportions 

for categorical ones. Differences between sexes were 
assessed using the Chi-square test. Continuous variables 
were visually checked for normality. A multivariable 
Cox regression model was used to explore the associa-
tion of sex differences with ICU mortality, adjusting for 
confounders such as age, in-hospital cardiac arrest, Nine 
Equivalents of Nursing Manpower Use Score (NEMS) 
score, pre-ICU interventions, ICU type, and level of care. 
ICU treatments (e.g., renal replacement therapy [RRT], 
invasive and non-invasive respiratory support, and vas-
oactive drugs were included as covariates to account 
for their impact on ICU mortality and potential differ-
ences in treatment allocation between sexes. Simplified 
Acute Physiology Score II [SAPS II] was excluded due 
to multicollinearity. Time to ICU death was the interval 
between ICU admission and death or discharge. Haz-
ard ratios (HR) with 95% confidence intervals (95% CI) 
were reported. A second multivariable analysis (Model 2) 
included patients with information on treatment limita-
tions available since 2016. Poisson regression was applied 
to estimate ICU admission and mortality trends, report-
ing incidence rate ratios (IRR) with 95% CIs to compare 
sexes. As less than 1% of data was missing and assumed 
random, no imputation was performed. All analyses were 
performed using Stata MP/18 (StataCorp, 2023).

Results
Baseline characteristics
During the 15-year study period, a total of 41,733 hospi-
tal admissions (14,558 [34.9%] women) with a diagnosis 
of cardiac arrest were identified, of whom 21,692 patients 
(6,626 [30.6%] women) were admitted to certified Swiss 
ICUs and included in the final analysis, Supplementary 
Fig. 1. The mean age was 65.8 ± 14.6) years, with women 
being older than men (67.0 years vs 65.2 years, p < 0.001). 
16,571 (76.4%) patients were classified as OHCA (29.3% 
women) and 5,121 patients as IHCA (34.7% women). 
Mean overall illness severity at ICU admission estimated 
by the SAPS II score was higher in women (62.4 ± 23.1 
vs 61.3 ± 23.1). The median overall NEMS was higher in 
women (103 [IQR 85–140] vs 100 [IQR 83–130]), Table 1. 
A subgroup analysis of IHCA and OHCA patients 
revealed higher SAPS II and NEMS scores in female 
OHCA patients only, Supplementary Table 1. Men were 
more frequently discharged to other ICUs or intermedi-
ate care (33.4% vs 28.9%, p < 0.001), while women were 
more often discharged to the regular ward (68.6% vs 
63.9%, p < 0.001), Table 1.

Primary outcome—ICU mortality
Sex differences and outcomes (Model I)—overall
Overall, ICU death was reported in 8,228 (37.9%) of 
21,692 patients and was higher in women compared to 
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Table 1  Baseline characteristics and outcomes stratified by sex category

Total Men Women p-value

N 21,692 15,066 6626

Age (years)—Mean (SD) 65.7 (14.6) 65.2 (14.2) 67.0 (15.4)  < 0.001

Age categories

 Age < 45 1793 (8.3%) 1191 (7.9%) 602 (9.1%)

 Age 45–65 7889 (36.4%) 5836 (38.7%) 2053 (31.0%)

 Age > 65 12,010 (55.4%) 8039 (53.4%) 3971 (59.9%)

Type of cardiac arrest

 In-hospital cardiac arrest 5121 (23.6%) 3346 (22.2%) 1775 (26.8%)  < 0.001

 Out-of-hospital cardiac arrest 16,571 (76.4%) 11,720 (77.8%) 4851 (73.2%)

Admission information

 Patient’s pre-hospital origin 0.22

  From home 14,983 (69.1%) 10,398 (69.0%) 4585 (69.2%)

  Other hospital 2903 (13.4%) 2010 (13.3%) 893 (13.5%)

  Nursing home 43 (0.2%) 24 (0.2%) 19 (0.3%)

  Other 3763 (17.4%) 2634 (17.5%) 1129 (17.0%)

 Patients’ in-hospital origin  < 0.001

  Emergency room 9474 (43.7%) 6503 (43.2%) 2971 (44.9%)

  Operating room/post-interventional 5891 (27.2%) 4340 (28.8%) 1551 (23.4%)

  Other ICU 1206 (5.6%) 877 (5.8%) 329 (5.0%)

  IMC/PACU​ 560 (2.6%) 369 (2.5%) 191 (2.9%)

  Ward 2959 (13.6%) 1888 (12.5%) 1071 (16.2%)

  Other 1602 (7.4%) 1089 (7.2%) 513 (7.7%)

Illness severity and use of ICU resources

 SAPS-II—Mean (SD) 61.63 (23.11) 61.30 (23.10) 62.38 (23.11) 0.001

 Sum NEMS of all nursing shifts—Median 
(IQR)

101 (83–133) 100 (83–130) 103 (85–140)  < 0.001

 NEMS first nursing shift—Median (IQR) 12.22 (5.78–29.33) 11.49 (5.52–26.15) 14.21 (6.48–36.04)  < 0.001

 NEMS last nursing shift—Median (IQR) 8.82 (3.56–23.94) 8.18 (3.30–21.60) 10.29 (4.21–30.00)  < 0.001

 SAS > 4 points 6804 (31.4%) 5119 (34.0%) 1685 (25.4%)  < 0.001

Interventions and/or surgeries before ICU admission

 No intervention 10,597 (48.9%) 6933 (46.0%) 3664 (55.3%)  < 0.001

 Percutaneous coronary intervention 6459 (29.8%) 5126 (34.0%) 1333 (20.1%)

 Cardiac surgery/other cardiovascular 
interventions

1879 (8.7%) 1282 (8.5%) 597 (9.0%)

 Non-cardiac surgery 2757 (12.7%) 1725 (11.5%) 1032 (15.6%)

Treatments during ICU stay

 Intravenous medications 21,423 (98.8%) 14,888 (98.8%) 6535 (98.6%) 0.24

 Mechanical ventilation 17,973 (82.9%) 12,494 (82.9%) 5479 (82.7%) 0.67

 Additional respiratory support 12,695 (58.5%) 9052 (60.1%) 3643 (55.0%)  < 0.001

 1 Vasoactive medication 15,340 (70.9%) 10,759 (71.6%) 4581 (69.3%)  < 0.001

 > 1 Vasoactive medication 8234 (38.1%) 5849 (38.9%) 2385 (36.1%)  < 0.001

 Renal replacement therapy 1666 (7.7%) 1213 (8.1%) 453 (6.8%) 0.002

 Advanced Intervention in the ICU 11,227 (51.8%) 7910 (52.5%) 3317 (50.1%)  < 0.001

 Advanced Intervention outside the ICU 10,044 (46.5%) 7129 (47.5%) 2915 (44.3%)  < 0.001

ICU type

  Medical ICU 3191 (14.7%) 2317 (15.4%) 874 (13.2%)  < 0.001

  Surgical ICU 1116 (5.1%) 749 (5.0%) 367 (5.5%)

  Interdisciplinary ICU 17,197 (79.3%) 11,849 (78.7%) 5348 (80.7%)

  Other 188 (0.9%) 151 (1.0%) 37 (0.6%)
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men (41.8% vs 36.2%, p < 0.001), Table  1. Women expe-
rienced a higher ICU mortality as early as day 1 after 
ICU admission (ICU mortality day 1 men 14.1% [95% 
CI 13.6–14.7] vs. women 18.9% [17.9–19.9]), Supple-
mentary Table 2. Survival analysis revealed an increased 
hazard for ICU death in women compared to men (unad-
justed HR 1.31 [95% CI 1.25–1.37]) across the ICU stay, 
which was already evident in the first seven days after 
ICU admission (unadjusted HR 1.33 [95% CI 1.26–1.39]), 
Figs.  1 and 2, Supplementary Table  2. When estimating 
the incidence rate ratio (IRR) stratified for age and sex, 
women aged 50–69  years had a higher incidence rate 
for ICU death (IRR between 1.15 and 1.42) compared to 
men. In contrast, no sex differences were observed in the 
age groups < 50 years and ≥ 70 years, Fig.  4, Supplemen-
tary Table 3.

In the adjusted multivariable model, women exhibited 
a consistently higher risk of ICU death compared to men 
(adjusted HR [aHR] 1.14 [95% CI 1.09–1.20]), Supple-
mentary Table  4. IHCA, in comparison to OHCA, was 
linked to an increased mortality risk only in men (aHR 
1.19 [95% CI 1.11–1.27]). Age > 65  years was associated 
with an increased risk of dying in both sexes, which was 
more pronounced in men (ratio women:men aHR 0.88 
[95% CI 0.79–0.97]), Fig.  3, Supplementary Table  4. All 
registered interventions before ICU admission were asso-
ciated with a lower risk of ICU death in men and women, 
except for cardiac surgery/other cardiovascular interven-
tions, which was not associated with a risk reduction for 
women (aHR 0.88 [95% CI 0.76–1.02], men: aHR 0.70 
[95% CI 0.63–0.79]), Fig. 3, Supplementary Table 4.

Primary outcomes and sex differences stratified 
by in‑hospital and out‑of‑hospital cardiac arrest
ICU death was reported in 2,063 of 5,121 (40.3%) IHCA 
patients and in 6,165 of 16,571 (37.2%) OHCA patients, 
Supplementary Table 1. In both groups, survival analysis 
revealed an increased hazard for ICU death in women 
compared to men across the ICU stay, which was more 
pronounced in OHCA patients: IHCA (unadjusted HR 
1.14 [95% CI 1.04–1.25]); OHCA (unadjusted HR 1.35 
[95% CI 1.28–1.43]), Fig. 1B, C.

The increased hazard for ICU death in women was 
already evident in the first seven days after admission 
and more prominent in OHCA patients: IHCA (unad-
justed HR 1.15 (95% CI 1.04–1.26); OHCA (unadjusted 
HR 1.38 (95% CI 1.30–1.46), Fig. 2B, C. Along with that, 
women experienced a higher mortality at all time points 
in OHCA. Conversely, in IHCA patients, a significantly 
higher ICU mortality in women during the first 7  days 
was only observed on days 5 and 7, Supplementary 
Table 2.

In the multivariable analysis, female compared to 
male sex was linked to a higher risk of ICU death only 
in OHCA patients (aHR 1.19 [95% CI 1.12–1.25], Supple-
mentary Table 5.

PCI was associated with a mortality risk reduction in 
both sexes, while cardiac surgery was connected to a 
lower risk of ICU death only in men independent of car-
diac arrest type: IHCA (aHR 0.64 [95% CI 0.50–0.82]); 
OHCA (aHR 0.81 [95% CI 0.71–0.91]). Non-cardiac pro-
cedures were associated with a risk reduction in women 
with IHCA, while only men experienced a risk reduction 
after OHCA. Please refer to the Supplementary material 

Table 1  (continued)

Total Men Women p-value

Level of care

 Tertiary university hospital 8371 (38.6%) 6000 (39.8%) 2371 (35.8%)  < 0.001

 Large hospital 5222 (24.1%) 3717 (24.7%) 1505 (22.7%)

 Regional hospital/no categorization 8099 (37.3%) 5349 (35.5%) 2750 (41.5%)

Discharge information and outcomes

 Patient’s discharge destination (patients discharged alive)

  Ward 8790 (65.29%) 6145 (63.94%) 2645 (68.63%)  < 0.001

  Other ICU or IMC 4320 (32.09%) 3,208 (33.38%) 1112 (28.85%)

  Discharge to rehabilitation or home 105 (0.78%) 79 (0.82%) 26 (0.67%)

  Other 249 (1.85%) 178 (1.85%) 71 (1.84%)

 ICU length of stay—Median (IQR) 2 (1–5) 3 (1–6) 2 (1–5)  < 0.001

 ICU mortality 8228 (37.9%) 5456 (36.2%) 2772 (41.8%)  < 0.001

Descriptive statistics are presented using mean and standard deviation (SD) or median and interquartile range (IQR: 25th–75th percentile) for continuous variables 
and numbers and proportions for categorical variables

ICU Intensive care unit, IMC Intermediate care unit, IQR Interquartile range, NEMS Nine equivalents of nursing manpower use score, PACU​ Post-anesthesia care unit SAS 
Sedation-agitation scale, SAPS-II Simplified Acute Physiology Score II, SD Standard deviation
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(Supplementary Figs. 2 & 3, Supplementary Table 5) for 
further details.

Primary outcome and sex differences in the subgroup 
of patients with treatment limitations (model II)
We performed multivariable analysis (Model II) in a 
subgroup of 11,202 patients (30.4% women) with infor-
mation regarding treatment limitations. Women had sig-
nificantly more treatment limitations (46.7% vs 38.7%, 
p < 0.001), but the risk of dying did not differ between 
sexes. More details are available in the Supplementary 
material (Supplementary Results, Supplementary Fig.  4, 
Supplementary Tables 6 & 7).

Secondary outcomes
Sex differences in ICU admission rates
The incidence of ICU admission in patients after cardiac 
arrest was higher in men than in women, with women 
being 18% less likely to be admitted to ICUs compared 
to men (IRR 0.82 (95% CI 0.80–0.85), Figs. 4 and 5, Sup-
plementary Table  8. Regarding age distribution, ICU 
admission incidence rates were higher in men ≥ 45 years 
compared to women of the same age (45–65  years 
[IRR = 1.12, 95% CI 1.06–1.18] and above 65  years 
[IRR = 1.24, 95% CI 1.19–1.29)], Supplementary Table  8 
and Fig. 4. Further detailed information regarding sex dif-
ferences and temporal trends of ICU admission rates and 
mortality is provided in the Supplementary results and 
Supplementary Table 8.

Sex differences in treatments before and during ICU stay
Interventions before ICU admission were less frequently 
performed in women than in men (44.7% vs 54.0%, 
p < 0.001). PCI was more common in men, while women 
more often underwent rescue cardiac surgery/other car-
diovascular procedures (except PCI), and non-cardiac 

surgery. This pattern was also observed in the IHCA and 
OHCA subgroups, Table 1 and Supplementary Table 1.

During the ICU stay, mechanical ventilation (MV) was 
equally provided to both sexes, but men more frequently 
received non-invasive respiratory support, vasoactives, 
RRT, and advanced interventions, Table 1. The sex differ-
ences were more evident in OHCA patients (OHCA: all 
treatments except MV and intravenous medication more 
frequent in men; IHCA: only MV, additional respiratory 
support, and RRT more frequent in men), Supplementary 
Table  1. Further detailed information regarding treat-
ments is provided in Supplementary Table 1, Fig. 3, Sup-
plementary Fig. 3 & 4.

Sex differences in ICU length of stay
Median ICU LOS was shorter in women (2  days [IQR 
1–5] vs 3  days [IQR 1–6], p < 0.001) and was shorter in 
ICU non-survivors (2  days [IQR 0–4] vs 3  days [IQR 
1–6], p < 0.001). Women had a significantly shorter ICU 
LOS regardless of survival status: ICU survivors (women 
3  days [IQR 1–6] vs men 3  days [IQR 1–7], p < 0.001) 
and ICU non-survivors (women 1  day [IQR 0–3] vs 
men 2  days [IQR 0–4], p < 0.001). These observations 
remained constant in the subgroup analysis of OHCA 
and IHCA patients, except for IHCA non-survivors, 
where ICU LOS did not differ between men and women 
(p = 0.21), Supplementary Table 9.

Discussion
This nationwide study, including 41,733 hospitalized 
individuals (21,692 ICU patients), identified important 
sex differences in ICU mortality rates, ICU admission 
rates, and provision of advanced treatments after suc-
cessfully resuscitated in- and out-of-hospital cardiac 
arrest. Women were less frequently admitted to ICUs, 
received fewer advanced treatments, and had a higher 
risk of ICU mortality when compared to men. When 

Fig. 1  Kaplan–Meier estimate of ICU mortality until 90 days after ICU admission. A Overall, B In-hospital cardiac arrest, C Out-of-hospital cardiac 
arrest. Abbreviations: CI Confidence interval; HR Hazard ratio; ICU Intensive care unit
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analyzing subgroups of OHCA and IHCA patients, mor-
tality differences were particularly pronounced in OHCA 
patients. In addition, women after cardiac arrest showed 
significantly shorter median ICU stays independent from 
ICU survival. When stratified for age and sex, women 
died more often in the age groups 50–69  years. Treat-
ment limitations were more frequent in women and were 
associated with an increased risk of ICU mortality in 
both sexes.

In this study, women had higher ICU mortality than 
men, consistent with lower survival rates in women 
across most studies, despite a higher likelihood of 
achieving return of spontaneous circulation [9, 12]. As 
observed in our study, women tend to be older and suf-
fer from more comorbidities at the time of cardiac arrest, 
which may partly explain their greater illness severity at 
ICU admission and the higher risk of ICU death [21]. 
Interestingly, the higher illness severity at ICU admis-
sion in women was only observed in the subgroup of 
OHCA patients. Although our study lacked detailed 
information on comorbidities, prior studies have shown 
greater disease severity in women with cardiovascular 
conditions [21, 22]. The higher incidence of ICU death in 
women aged 50–69 compared to age-matched men may 
be linked to the biological effects of the perimenopausal 
period [23], as studies suggest that declining estrogen 
levels increase the risk of cardiovascular (CV) disease, 
ischemic heart disease, and cardiac arrest in women [24, 
25]. However, these sex differences in CV outcomes seem 
to diminish in older age groups. Evidence indicates that 
while menopause accelerates CV risk factors in women, 
chronological aging may dominate over hormonal effects 
in the elderly [26].

In our study, in-hospital cardiac arrest (IHCA) was 
more common in women, while OHCA was more fre-
quent in men. Women experienced a higher risk of ICU 
mortality overall, with a more pronounced difference in 
OHCA patients compared to IHCA patients. Along with 

that, adjusted hazard ratios demonstrated that female sex 
was independently associated with a higher risk of ICU 
death in OHCA but not in IHCA. These findings align 
with previous studies showing that women are less likely 
to receive bystander CPR and experience delays in resus-
citation during OHCA, which may contribute to their 
higher ICU mortality risk and illness severity observed in 
our study [8–10]. In contrast, IHCA occurs in monitored 
hospital environments, where standardized protocols 
and rapid response systems might mitigate pre-resuscita-
tion differences [15, 27].

While sex differences in pre-ICU and ICU care may 
have contributed to the higher mortality observed in 
women, early withdrawal of life-sustaining therapy 
(WLST) could also play a role, particularly in OHCA 
patients, where women consistently showed higher mor-
tality rates from the first day of ICU admission onwards. 
The shorter ICU LOS observed in female OHCA non-
survivors compared to male OHCA non-survivors  may 
suggest earlier withdrawal of life-sustaining therapy 
(WLST) in women. Current guidelines recommend post-
poning prognostication and WLST for at least 72 h after 
cardiac arrest [28]. However, previous studies have high-
lighted that unjustified early WLST after cardiac arrest 
is common, with women being particularly at risk [12, 
29]. In contrast, the absence of significant LOS differ-
ences in IHCA non-survivors and a more equalized risk 
of ICU mortality between sexes suggests a more stand-
ardized ICU care in this subgroup, potentially minimiz-
ing sex-related variability. While early WLST cannot be 
entirely excluded as a contributing factor to the higher 
early ICU mortality observed in women, the shorter ICU 
LOS in female survivors indicates that factors beyond 
early WLST, such as differences in ICU care pathways or 
treatment escalation decisions, may influence outcomes, 
particularly in OHCA patients. Indeed, sex differences 
in the provision of ICU treatments were more pro-
nounced in the OHCA subgroup. Given the limitations 

Fig. 2  Kaplan–Meier estimate of ICU mortality during the first 7 days after ICU admission. A Overall, B In-hospital cardiac arrest, C Out-of-hospital 
cardiac arrest. Abbreviations: CI Confidence interval; HR Hazard ratio; ICU Intensive care unit
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Fig. 3  Sex differences in ICU mortality risk from multivariable analysis. Abbreviations: HR Hazard ratio; ICU Intensive care unit; NEMS Nine 
equivalents of Nursing Manpower Use Score; PCI Percutaneous coronary intervention
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in WLST timing granularity within our dataset, we cau-
tion against the overinterpretation of these findings and 
emphasize the need for prospective studies with detailed 
WLST timing and decision-making data to validate our 
observations.

Pre-ICU interventions like acute PCI or rescue cardiac 
surgery improve outcomes after cardiac arrest. However, 
important sex differences in pre-ICU interventions were 
observed in our study. Women with cardiovascular con-
ditions, including acute myocardial infarction (AMI) and 
cardiogenic shock, often receive less aggressive treat-
ments than men, leading to poorer outcomes [22, 30, 31]. 
This is mirrored by our study, revealing that women less 
frequently received interventions (incl. PCI) before ICU 
admission, independent of cardiac arrest type, while res-
cue cardiac surgery was more frequently  performed in 
women. PCI and non-cardiac surgery were associated 
with a reduced ICU death risk in both sexes. In contrast, 
cardiac surgery/other cardiovascular interventions were 

only associated with a reduced ICU death risk in men. 
A more severe disease state at presentation in women 
may result in worse conditions requiring emergent sur-
gical revascularization. Misperception of symptoms, 
under- or misdiagnosed cardiovascular illness, and 
sociocultural factors, such as women’s entrenchment in 
traditional gender roles and delayed healthcare-seeking 
behavior, have been linked to more advanced cardiovas-
cular illness in women at presentation [32]. Additionally, 
older women may experience fewer witnessed OHCAs 
due to reduced social support or living alone, leading 
to a lower likelihood of receiving bystander CPR [33]. 
Delayed CPR and less frequent shockable initial rhythms 
are well-established mediators of higher rates of multio-
rgan failure and worse outcomes [9, 34]. These factors 
likely contribute to the higher mortality rate observed in 
female OHCA patients.

Most ICU treatments were more frequently applied to 
men, consistent with previous research [34]. While most 

Fig. 4  Incidence rate ratios (IRR) of ICU admission and ICU death in women and men across age groups and overall number of cardiac arrest 
admissions. Abbreviations: ICU Intensive Care Unit
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organ support measures were associated with decreased 
mortality risk in both sexes, RRT was only associated 
with a lower mortality risk in men, independent of car-
diac arrest entity. The more frequent use of RRT in men 
may stem from an underestimation of acute kidney injury 
(AKI) in women, leading to delayed or even withheld 
RRT [20]. In addition, biological factors such as a decline 
of estrogen and its renoprotective effects may impact 
AKI and outcomes in elderly women [36].

We found that women had an 18% lower likelihood of 
ICU admission compared to men, particularly in those 
aged over 55  years, a trend consistent over the 15-year 
study period. This aligns with prior studies showing 
lower ICU admission rates for women, especially in car-
diovascular cases [22, 31, 37]. Female sex and older age 
have been linked to life-sustaining treatment limitations, 
potentially influencing ICU resource allocation if clini-
cians assume that women might prefer less aggressive 
care [12, 39]. Although we were unable to assess how 

treatment limitations impacted decision-making before 
ICU admission, our data revealed that women had a 
higher prevalence of treatment limitations upon ICU 
admission, more withdrawal of life-sustaining therapy, 
and more decisions taken by the medical caregivers dur-
ing ICU stay. Despite this, the increased hazard of ICU 
death  in patients with treatment limitations was similar 
between sexes, a finding consistent with previous data 
[12]. Therefore, we propose that unaccounted factors, 
including unconscious biases related to race, ethnicity, 
ability, age, and sex, may influence ICU admission and 
treatment decisions in a discriminatory manner, poten-
tially leading to limited or even denied care [39].

Interestingly, we observed a significant decline in ICU 
admissions for cardiac arrest patients across both sexes 
during the COVID-19 pandemic (2020–2022), with the 
reduction being more pronounced in men. However, ICU 
mortality remained higher in women. During COVID-19, 
scarcity of critical care resources and prognosis-based 

Fig. 5  Temporal trend of incidence rate ratios (IRR) of ICU admission and ICU death in women and men; overall number of cardiac arrest admissions 
over time. Abbreviations: COVID-19 Coronavirus disease—2019; ICU Intensive Care Unit
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triage may have led to limited ICU provision in cardiac 
arrest patients, which might also have reduced the over-
admission of men compared to women [40]. In addition, 
increased healthcare strain and lockdowns were linked 
to fewer bystander-witnessed OHCAs and excess deaths 
at home or delayed hospital admissions during the pan-
demic [40, 41].

Limitations and strengths
There are important limitations to consider. First, the 
FSO and the MDSi datasets comprise limited variables 
and lack detailed information on patient demographics, 
comorbidities, cardiovascular risk factors, cardiac arrest-
specific information, and sociocultural factors. Second, 
the definition of OHCA versus IHCA was solely based 
on the origin of the patients before ICU admission, with 
a risk of misclassification for some patients. However, 
considering the large sample size, it is unlikely to have 
changed our findings. Third, data on decision-making 
during pre-hospital, pre-ICU, and ICU care were lim-
ited or unavailable. Specifically, the lack of WLST timing 
granularity may have influenced our results. Fourth, due 
to the limitations of the MDSi dataset, we were unable to 
include information regarding witnessed/unwitnessed 
cardiac arrest, no-flow time, low-flow time, provision of 
bystander CPR, initial rhythm of cardiac arrest, detailed 
cardiac arrest etiology, provision of eCPR and provision 
of targeted temperature management into our analysis. 
Lastly, despite our large nationwide dataset, the restric-
tion of our data to Switzerland and a mainly Caucasian 
population may limit the generalizability of our results.

The study has notable strengths. The database includes 
all patients from certified Swiss ICUs since 2008, offer-
ing a high internal and external validity with a large sam-
ple size and minimal missing data (< 1%). Additionally, 
detailed information on treatment limitations provides 
valuable insights into sex-specific ICU outcomes.

Conclusions
This nationwide study highlights sex disparities in short-
term mortality and ICU resource allocation among 
cardiac arrest patients, with women potentially facing 
disadvantages, in particular after OHCA. While our find-
ings suggest multifactorial causes, including biological 
differences, sociocultural factors, and potential biases, 
the limitations of ICU registry data, particularly the lack 
of detailed cardiac arrest-specific and comorbidity infor-
mation, restrict definitive conclusions.

Future prospective studies are essential to investigate 
these dynamics further, supported by enhanced adminis-
trative databases that enable detailed analyses of sex- and 
gender-related differences in post-cardiac arrest care.
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