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Summary

Background There are conflicting results concerning
sex-specific differences in the post-cardiac arrest pe-
riod. We investigated the sex distribution of patients
after successful cardiopulmonary resuscitation (CPR),
differences in treatment, complications, outcome and
sex-specific performance of biomarkers for prognos-
tication of neurological outcome.

Methods Prospective observational study includ-
ing cardiac-arrest (CA) patients treated with mild
therapeutic hypothermia (MTH) at 33°C for 24h or
normothermia. We investigated common complica-
tions including pneumonia and acute kidney injury
(AKI) and neuron-specific enolase, secretoneurin and
tau protein as biomarkers of neurological outcome,
which was assessed with the cerebral performance
categories score at hospital discharge.

Results Out of 134 patients 26% were female. Women
were significantly older (73 years, interquartile range
(IQR) 56-79 years vs. 62 years, IQR 53-70 years;
p=0.038), whereas men showed a significantly higher
rate of pneumonia (29% vs. 6%; p=0.004) and a trend
towards higher rates of AKI (62% vs. 45%; p=0.091).
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Frequency of MTH treatment was not significantly
different (48% vs. 31%; p=0.081). Female sex was
not associated with neurological outcome in multi-
variable analysis (p=0.524). There was no significant
interaction of sex with prognostication of neurolog-
ical outcome at 24, 48 and 72h after CPR. At the
respective time intervals pinseracrion fOr neuron-specific
enolase was 0.524, 0.221 and 0.519, for secretoneurin
0.893, 0.573 and 0.545 and for tau protein 0.270, 0.635,
and 0.110.

Conclusion The proportion of female patients was
low. Women presented with higher age but had fewer
complications during the post-CA period. Female sex
was not associated with better neurological outcome.
The performance of biomarkers is not affected by sex.

Keywords Biomarker - Mild therapeutic
hypothermia - Neurological outcome - Pneumonia -
Acute kidney injury

Introduction

The average incidence of out-of-hospital cardiac ar-
rest (OHCA) of presumed cardiac cause is high with
55 adults per 100,000 person-years [1]. Most of the
patients are men [2-4]. Despite the fact that the in-
cidence of OHCA in women is reported to be lower
[5-8], its circumstances appear less favorable includ-
ing higher age at arrest, a higher prevalence of non-
shockable rhythms, fewer witnessed arrests, fewer ar-
rests in public and less bystander cardiopulmonary
resuscitation (CPR) [7-11].

In the post-resuscitation period, mild therapeu-
tic hypothermia (MTH) seems to be underutilized in
women [3, 12-15]. In the TTM2 trial women even
exhibited a lower relative risk of death when treated
with normothermia [16]. Furthermore, there are sex-
specific differences in the adverse events profile dur-
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ing intensive care unit (ICU) stay. Whereas women
are more likely to develop severe complications such
as bleeding requiring transfusion and electrolyte dis-
orders, men apparently show a higher incidence of
pneumonia [17]. Furthermore, male sex may be asso-
ciated with an increased incidence of acute kidney in-
jury (AKI) requiring renal replacement therapy (RRT)
[18]. Reported outcomes in women compared to men
range from better [10, 19, 20] over similar [9, 21, 22]
to worse [23, 24]. A similar variety of reports exists for
neurological outcome [17, 23, 25-28]. Finally, little is
known about the influence of sex on the performance
of serum biomarkers for prognostication of neurolog-
ical outcome; however, a variety of serum biomarkers
have shown significantly different concentrations de-
pending on sex and female hormone status possibly
confounding diagnostic processes [29].

Consequently, it was the aim of our study to analyze
the sex distribution of cardiac arrest (CA) patients ad-
mitted to ICU after successful CPR, differences in the
post-CA period including treatment as well as adverse
events and outcome. Furthermore, we wanted to in-
vestigate the sex-specific performance of biomarkers
for prognostication of neurological outcome.

Patients, material and methods

This is a secondary retrospective analysis of a previous
observational single center trial including 152 consec-
utive adult patients (age =18 years) with an in-hospi-

[ 152 patients included in the study ]

18 patients were excluded from the
population due to following causes (loss
of follow up (n=4), missing values (n=4),
death not related to hypoxic ischemic
encephalopathy (n= 10))

[ 134 patients included in final analysis

35 patients female 99 patients male

11 (31%) treated
with MTH

48 (48%) treated
with MTH

Fig. 1 Flow chart for patient selection. MTH mild therapeutic
hypothermia

tal or OHCA with presumed cardiac cause admitted
to the medical ICU of the University Hospital of Inns-
bruck from September 2008 to April 2013 after suc-
cessful CPR [30]. The presence of a neuroendocrine
tumor, stroke, intracranial hemorrhage or trauma as
non-cardiogenic cause of CA as well as life expectancy
of less than 24 h as determined by the treating physi-
cians were considered as exclusion criteria. Further-
more, 18 patients were excluded from the cohort of
152 patients due to the following causes: loss of fol-
low-up n=4, missing values n=4, death not related to
hypoxic ischemic encephalopathy (n=10), leaving 134
patients eligible for final analysis. (Fig. 1).

The CA data such as the rate of bystander resuscita-
tion, time to return of spontaneous circulation (ROSC)
and first monitored rhythm were collected from the
emergency or heart alarm protocol according to the
Utstein style [31]. An MTH was routinely applied to
comatose patients with an initially shockable rhythm
who had received advanced life support within 15 min
and showed a ROSC within 60min after collapse and
in patients with non-shockable rhythms, if the event
was observed and time to ROSC less than 25min. Pa-
tients who underwent MTH were maintained at a tar-
get temperature of 32-34°C for 24 h using an intravas-
cular cooling device (Thermogard XP, Zoll Circulation,
Incorporation, San Jose, Californnia, USA) and then
gradually rewarmed at a rate of 0.2-0.4°C/h. Further-
more, we assessed the total duration of hypothermia
including cooling down, time on target temperature
and rewarming (in hours).

To diagnose pneumonia, clinical and radiological
criteria had to be fulfilled: clinical criteria were doc-
umented fever (=38°C) or hypothermia (<35°C), an
abnormal total peripheral white cell count (>10,000
or <4500/pl), new-onset purulent sputum or change
in the character of sputum, plus at least one of the fol-
lowing two features: auscultatory findings of rales on
pulmonary examination, evidence of pulmonary con-
solidation, acute changes made in the ventilator sup-
port system to enhance oxygenation, as determined
by arterial blood gas analysis or a worsening ratio of
partial pressure of arterial oxygen to the fraction of
inspired oxygen (PaO2/FIO2 < 240). Radiographic cri-
teria were the presence of new or progressive and per-
sistent infiltrate characteristic of bacterial pneumonia
or a new consolidation in chest X-ray on 2 following
days.

The occurrence of AKI was determined according
to the Kidney Disease Improving Global Outcomes
(KDIGO) guidelines, based on serum creatinine val-
ues [32]. We also documented the patients who re-
ceived renal replacement therapy (RRT). Patients were
excluded from AKI staging if chronic kidney disease
(>CKD G3) was described in the previous medical his-
tory and no baseline creatinine level was available.
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Biomarkers of neurological outcome

Blood samples were drawn from the arterial catheter
at the day of CPR up to 7 days and assigned to
following time intervals: 0-24h (day 0), 24-48h
(day 1), 48-72h (day 2), 72-96h (day 3), 96-120h
(day 4), 120-144h (day 5), 144-168h (day 6). We
determined serum neuron-specific enolase (NSE) as
a gold standard for neuroprognostication [33], secre-
toneurin (SN) as early biomarker [30] and serum tau
as a marker for axonal damage [34]. The SN mea-
surements were performed with a radioimmunoassay
according to Kirchmair et al. [35], NSE levels were
measured with an electrochemoluminescence assay
(ECLIA, Roche, Mannheim, Germany). Serum tau lev-
els were determined with a commercial ELISA (Inno-
genetics/Fujirebio Gent, Belgium) detecting total tau
as reported previously [36]. In retrospective analysis
concerning biomarkers of neurological outcome, we
focused on the first 72h after CA.

Additionally, serum lactate (Roche, Mannheim,
Germany), Sequential Organ Failure Assessment
(SOFA) and Acute Physiology and Chronic Health
Evaluation II (APACHE II) scores as well as the use of
catecholamines were documented at the day of ICU
admission. In all patients, we documented the ICU
length of stay (LOS, in days). Patients were allocated
to following subgroups: (1) withdrawal of therapy,
removal of a therapy that has been started in an
attempt to sustain life but is not, or is no longer, ef-
fective, (2) withholding of therapy, the decision not to
make further therapeutic interventions, (3) maximal
therapy. Subgroups (1) and (2) were defined as with-
drawal of life-sustaining therapies (WLST). A detailed
description is given in the Supplementary material.

To assess neurological outcome the cerebral per-
formance categories (CPC) scale was used [37, 38].
To receive binary outcome parameters patients were
classified into two groups according to their neuro-
logical outcomes: “good outcome” (CPC 1 and 2) and
“poor outcome” (CPC 3-5). The CPC was assessed
by a physician either before death at our ICU or in
survivors at discharge from hospital (also including
long-term acute care facilities) following a standard-
ized protocol. The CPCs for patients transferred to
another hospital were determined by follow-up tele-
phone interview with the patient, family members or
personnel of the rehabilitation facility at hospital dis-
charge. A detailed description is shown in the Supple-
mentary material.

Survival was determined at hospital discharge. For
the standardized mortality ratio (SMR) we built the ra-
tio between observed and expected deaths calculated
from the APACHE II score.

The study protocol was approved by the Ethics
Committee of the Medical University of Innsbruck
(protocol number UN3493 272/4.31). Written in-
formed consent was obtained from next of kin or
retrospectively from patients who recovered.

Statistical analysis

Categorical data are given as counts and percentages,
continuous data as medians and interquartile ranges.
Normal distribution of continuous data was checked
by the Kolmogorov-Smirnov test. For univariate com-
parison of variables being not normally distributed,
we used the Mann-Whitney U-test for continuous and
the y2-test for categorical data. A logistic regression
model was used to assess the influence of certain pa-
rameters on neurological outcome. In multivariate
analysis, we adjusted for clinically relevant covariates.

The biomarkers NSE, SN and tau protein and
their interaction terms with the variable sex were
added separately to the multivariable logistic regres-
sion model in order to assess sex-related interac-
tions of biomarkers predicting neurologic outcome
(pi = pinzzraction) .

Values with a p-value<0.05 were considered as sta-
tistically significant. We used IBM SPSS Statistics for
Windows, Version 27.0. (IBM Corp, Armonk, NY, USA)
to analyze data.

Results

Of the patients 26% (35/134) were female. Women
were significantly older than men (73 years, IQR
56-79 years vs. 62 years, IQR 53-70 years; p=0.038).
Furthermore, women tended to receive bystander-
initiated CPR more often, to exhibit a shorter time to
ROSC and more often a non-shockable rhythm but
differences did not reach statistical significance. On
ICU admission severity of illness scores (SOFA and
APACHE II) were significantly lower in women com-
pared to men, but there was no significant difference
in lactate levels (men: 54mg/dl, IQR 31-96mg/dl
vs. women: 42mg/dl IQR 31-76 mg/dl; p=0.435).
(Table 1).

Targeted temperature management

Females tended to be treated less often with MTH
compared to male patients (11 (31%) vs. 48 (48%);
p=0.081) (Table 2a, Fig. 1). There was no difference
in duration of hypothermia including cooling down,
time on target temperature and rewarming between
the sexes (39h, IQR 36-41h vs. 39h, IQR 37-41h;
p=0.858).

Compilications

In male patients (compared to female) we could
observe a significantly higher rate of pneumonia (29
(29%) vs. 2 (6%); p=0.004). The percentage of patients
receiving catecholamines was almost equally dis-
tributed between men and women (Table 2a, Fig. 2).

The rate of AKI was determined in 126 patients af-
ter exclusion of 8 patients with CKD>grade 3. Men
showed a trend towards higher rates of AKI (all stages),
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Table 1 Patient characteristics and outcome in female and male patients

Female (n= 35) Male (n=99) p-value
Age in years, median (IQR) 73 (56-79) 62 (53-70) 0.038
Bystander-initiated CPR, n (%) 28 (80) 63 (64) 0.075
Time to ROSC> 20 min, n (%) 14 (40) 57 (58) 0.064
Cardiac arrest in-hospital, n (%) 6(17) 11 (11) 0.357
Shockable first monitored rhythm (VFib+VTac), n (%) 18 (51) 61 (62) 0.546
SOFA score on admission, median (IQR) 9(8-10) 10 (9-12) 0.001
APACHE Il on admission, median (IQR) 23 (21-26) 26 (22-30) 0.049
ICU-LOS in days, median (IQR) 6 (3-8) 7(3-12) 0.244
Survival at hospital discharge, n (%) 20 (57) 50 (51) 0.499
Standardized mortality ratio (SMR), median (IQR) 1.69 (1.27-1.92) 1.36 (1.22-1.62) 0.072
Poor neurological outcome at hospital discharge, n (%) 16 (46) 53 (54) 0.426

CPR cardiopulmonary resuscitation, ROSC return of spontaneous circulation, VFib ventricular fibrillation, VTAc ventricular tachycardia, SOFA Sequential Organ
Failure Assessment, APACHE Il Acute Physiology and Chronic Health Evaluation, /CU intensive care unit, LOS length of stay

Table 2 Treatment and complications in female and male patients

a Female (n= 35) Male (n=99) p-value
Pneumonia, n (%) 2 (6) 29 (29) 0.004
MTH, n (%) 11 (31) 48 (48) 0.081
WLST, 1 (%) 13 (37) 44 (44) 0.453
Catecholamines on admission, 1 (%) 26 (79) 74 (80) 0.924
b Female (n=33%) Male (n=93%) p-value
AKI, n (%) 15 (45) 58 (62) 0.091
AKI (stage 3), n (%) 5(15) 24 (26) 0.212
RRT, 1 (%) 3(9) 17 (18) 0177

AKl acute kidney injury, RRT renal replacement therapy, MTH mild therapeutic hypothermia, WLST withdrawal of life sustaining therapies
a8 patients were excluded from AKI staging due to chronic renal insufficiency (>CKD G3)

including severe forms of AKI (AKI stage 3) or require-
ment of RRT. (Table 2b, Fig. 2).

Withdrawal of life-sustaining therapies

Of 35 female patients, 2 received withdrawal of
therapy and 11 withholding of therapy, whereas of
99 male patients, 8 received withdrawal of therapy
and 36 withholding of therapy. The percentage of
patients with WLST was not significantly different
between men and women (Table 2A).

Neurological outcome, survival and length of stay

Female and male patients showed equal neurologi-
cal outcome, survival, SMR and LOS on ICU (Table 1,
Fig. 2). The median follow-up time was 20 (IQR 11-38)
days for patients with good and 4 (IQR 2-9) days with
poor neurological outcome.

Female sex was not significantly associated with
poor neurological outcome in univariable and mul-
tivariable analyses (p=0.613 and p=0.524, respec-
tively); however, we found a significant association
between age, time to ROSC>20min and the presence
of a non-shockable rhythm (Table 3). Rates of poor
neurological outcome in women<50 years were not
significantly different to women =50 years (2/7 (29%)
vs. 14/28 (50%); p=0.406).

Biomarkers of neurological outcome

We found no interaction between female sex and
prognostication of neurological outcome at any time
interval within the first 72h after CPR. For NSE the
pi at 24h was 0.524, at 48h 0.221 and at 72h 0.519.
SN had a p; of 0.893, 0.573 and 0.545 and tau protein
a pi of 0.270, 0.635 and 0.110 at 24, 48 and 72h, re-
spectively. Diagnostic accuracy of NSE, SN and tau
protein at 0-24h, 24-48h and 48-72h to predict poor
neurological outcome is presented in Table 4.

Discussion

In our study investigating sex differences in post-
CA management and outcome we found the follow-
ing characteristics: the proportion of female patients
was low. Although they were significantly older, they
presented with significantly lower severity of illness
scores (SOFA and APACHE II) on admission. Typ-
ical complications during the post-CA period like
pneumonia and AKI were observed less frequently in
women. Despite that, both neurological outcomes
and hospital survival were equal between sexes.

The proportion of female patients admitted to our
ICU was 26%, which is within the reported range of
20-28% in similar studies [3, 4, 16, 17]. Therefore, our
study reflects the typical sex distribution of a CA co-

620 Postresuscitation care and prognostication after cardiac arrest—Does sex matter?

@ Springer



original article

Fig. 2 Complications and 70
neurological outcome in
men and women after car-

diac arrest. AKI acute kid- 60
ney injury—8 patients were
excluded from AKI stag- 50
ing due to chronic renal
insufficiency (>CKD G3),
X 40
n female=33, n male=93, *%
RRT renal replacement ther-
- 2 29
apy, "p<0.01) ® 30
20
10 6
0
pneumonia

H men (n=99)

hort. We do not know the number of female OHCA
patients not admitted to ICU. In larger studies the
proportion of females with OHCA ranged from 20%
[39] to 36% [40]. In a previous meta-analysis, no sig-
nificant difference in survival from OHCA to hospital
admission between females and males could be es-
tablished [2].

Women seem to be less often affected by CA, but
present with more unfavorable pre-CA profiles, such
as higher age [11], lower rates of bystander CPR [24]
and less shockable rhythms [10, 11, 17]. Contrarily,
they appear to have higher rates of ROSC after OHCA
[7, 10, 11, 20]. In our study, women despite being sig-
nificantly older showed a trend towards higher rates
of bystander-initiated CPR and lower rates of pro-
longed CPR. This may have resulted in significantly
lower SOFA and APACHE II scores at admission. A re-
cent study investigating why women might receive
less bystander CPR, revealed that members of the gen-
eral public often perceive fears about inappropriate
touching, accusations of sexual assault or fear of caus-
ing injury [41]. The opposite trend observed in our
study could be influenced by the fact that several pa-
tients had an in-hospital CA (n=17, 13%, 11 men and
6 women) and received bystander CPR from trained
medical personnel. Furthermore, there might be re-
gional and cultural differences as well as different lev-
els of education in provision of CPR.

Concerning post-CA management, it has been re-
ported that women are less often treated with MTH
than men [3, 12-15]. Apart from the finding that MTH
may be underutilized in women [3, 12-15], it was
further observed that women less likely benefit from
MTH [42] and neurological outcomes were poorer in
women despite equal treatment with targeted temper-
ature management. No interaction between sex and
the effect of targeting 33° vs. 36°C could be found
[43]. In our study, rates of MTH treatment in men

62

AKI (all stages) RRT poor neurological
outcome

women (n=35)

and women were not significantly different. More-
over, there was no significant association of sex or
MTH with neurological outcome in multivariate lo-
gistic regression analysis.

In our cohort, male patients more likely developed
complications on ICU. Men showed a significantly
higher rate of pneumonia compared to women, which
is in accordance with a similar study including co-
matose resuscitated patients after OHCA treated with
MTH [17]. This potentially higher susceptibility of
men to pneumonia, is supported by recent data from
a mouse model suggesting that females might be pro-
tected from infections through estrogen-driven anti-
bodies [44].

Reported rates of AKI frequently complicating CA
range between 12% and 40% [45-47]. In a large co-
hort trial of hospitalized patients, males have shown
to develop AKI requiring dialysis 2.2 times more likely
than females [18]. Development of AKI after CA as
a result of ischemia/reperfusion injury (IRI) is driven
by a systemic inflammatory response syndrome fol-
lowing ROSC leading to further tissue damage [48-50].
Based on experimental data female sex seems to play
a kidney-protective role in AKI mediated by effects
of sex hormones. In models of ischemic AKI after
IRI, females showed less functional renal impairment
and tissue damage. Furthermore, there are differences
in the inflammatory, hemodynamic and humoral re-
sponses to IRI [51-53].

In our study, we could observe only a trend to
higher rates of AKI in male patients. Concerning
post-resuscitation shock, as a possible reason for
development of AKI, men and women seem to be
equally affected, as the lactate levels on admission
and the use of catecholamines were not significantly
different.
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Table 3 Multivariable logistic regression analysis with neurological outcome as dependent variable

Age

Sex

MTH

Time to ROSC> 20 min

Shockable first monitored rhythm (VFib+VTac)
SOFA score on admission

Wald 2 (95% Cl) p-value
1.036 (1.004-1.068) 0.026
0.711 (0.249-2.031) 0.524
0.713 (0.282-1.806) 0.476
3.624 (1.501-8.751) 0.004
0.238 (0.090-0.624) 0.004
1.087 (0.919-1.285) 0.330

MTH mild therapeutic hypothermia, ROSC return of spontaneous circulation, VFib ventricular fibrillation, VTac ventricular tachycardia, SOFA Sequential Organ

Failure Assessment, C/ confidence interval

Table 4 Receiver operating characteristics (ROC) analysis for the prediction of poor neurological outcome by several

biomarkers

AUC [95% CI] 0-24h 24-48h

Tau 0.645 [0.540-0.750] 0.775 [0.679-0.870]
SN 0.708 [0.611-0.806] 0.711 [0.606-0.816]
NSE 0.860 [0.778-0.943] 0.883 [0.787-0.979]

48-72h

0.783 [0.671-0.894]
0.552 [0.417-0.687]
0.881 [0.815-0.946]

ROC receiver operating characteritic, AUC area under the curve, Tautau protein, SN secretoneurin, NSE neuron-specific enolase, C/ confidence interval

Overall, adverse events in the post-resuscitation pe-
riod are more often occurring in men, which should
be taken into account in daily practice.

The frequency of therapy limitations such as with-
drawing/withholding of therapy (43%) was similar to
a previous study identifying factors associated with
WLST. It was observed that patients with WLST were
more likely to be female [54]; however, we could not
find a significant difference between men and women,
which is in line with previous observations in a similar
cohort [17].

In our study, we found no significant difference in
neurological outcome and survival between men and
women. Previous studies showed conflicting results
regarding survival [9, 10, 19-24] and neurological out-
come [17, 23, 25-28]. Similar outcomes for both sexes
were found in our study despite lower severity of ill-
ness scores at admission in women. We speculate that
the significantly higher age of women might be coun-
terbalanced by a lower rate of complications.

Previous reports demonstrated a lower incidence
and better outcomes after OHCA for women within an
age of 13-49 years compared to men of the same age
group [55]. Women of childbearing age (15-44 years)
also seem to be more likely to survive to hospital dis-
charge after in-hospital CA compared to men [56]. Itis
speculated that this might be also attributed to a pro-
tective role of female sex hormones in hypoxic brain
injury [57-59]. In our cohort, we could not observe
a significant difference in neurological outcome be-
tween females <50 years compared to > 50 years; how-
ever, our cohort was very small.

For prognostication of poor neurological outcome,
we applied a multimodal approach. Medical decision
making followed a rigorous protocol. Beside the gold
standard serum NSE, SN and Tau protein have proved
to be reliable predictors of poor neurological outcome
[30, 34]. In none of the biomarkers was the predictive

value affected by sex suggesting that biomarkers can
be equally applied to men and women.

Strengths and limitations

In our study, we analyzed for the first time prognostic
biomarkers of neurological outcome in combination
with pre-cardiac arrest profile, MTH treatment and
complications after CA in men and women. Among
the limitations of the study are its relatively small sam-
ple size resulting in a low number of female patients
and its design as a single centre study. Furthermore,
this was a retrospective analysis of a prospective study
that was initially targeted to determine predictive per-
formance of serum biomarkers for neurological out-
come. In this context we had 10 drop-outs because of
death not related to hypoxic ischemic encephalopa-
thy as we wanted to avoid misclassification to a neu-
rological death and confounding of outcome assess-
ment. Therefore, results have to be interpreted with
caution and confirmed in larger cohorts. Neurological
outcome was determined at hospital discharge follow-
ing a rigorous protocol defining withdrawal of therapy
[30]. Although the median follow-up time for patients
with good neurological outcome was relatively long,
we cannot rule out later improvement or worsening of
neurological outcome; however, CPC at hospital dis-
charge has shown to be a good predictor of long-term
outcome [60].

Conclusion

The proportion of female patients in our study was
low and women were significantly older suggesting
a worse pre-arrest profile. During the post cardiac ar-
rest-period, men and women seemed to receive equal
treatment with mild therapeutic hypothermia and
there was no significant difference in the frequency
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of withdrawal of life-sustaining therapies. Women
developed fewer complications reflected by a signifi-
cantly lower rate of pneumonia and a trend to lower
rates of acute kidney injury; however, female sex was
not associated with better neurological outcome af-
ter cardiac arrest. Importantly, the performance of
biomarkers to predict poor neurological outcome was
not affected by sex.

Funding Open access funding provided by University of Inns-
bruck and Medical University of Innsbruck.

Conflict of interest J. Hasslacher, H. Ulmer, G. Lehner,
S. Klein, T. Mayerhoefer, R. Bellmann and M. Joannidis
declare that they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global inci-
dences of out-of-hospital cardiac arrest and survival rates:
systematic review of 67 prospective studies. Resuscitation.
2010;81:1479-87.

2. Lei H, Hu J, Liu L, Xu D. Sex differences in survival after
out-of-hospital cardiac arrest: a meta-analysis. Crit Care.
2020;24:613.

3. Lindner TW, Langorgen J, Sunde K, Larsen Al, Kvaloy JT,
Heltne JK, et al. Factors predicting the use of therapeutic
hypothermia and survival in unconscious out-of-hospital
cardiac arrest patients admitted to the ICU. Crit Care.
2013;17:R147.

4. Vaahersalo ], Hiltunen P, Tiainen M, Oksanen T, Kauko-
nen KM, KurolaJ, et al. Therapeutic hypothermia after out-
of-hospital cardiacarrestin Finnishintensive careunits: the
FINNRESUSCI study. Intensive Care Med. 2013;39:826-37.

5. Akahane M, Ogawa T, Koike S, Tanabe S, Horiguchi H,
Mizoguchi T, et al. The effects of sex on out-of-hospital
cardiacarrestoutcomes. AmJMed. 2011;124:325-33.

6. Engdahl J, Holmberg M, Karlson BW, Luepker R, Herlitz J.
The epidemiology of out-of-hospital “sudden” cardiac ar-
rest. Resuscitation. 2002;52:235-45.

7. Kim C, Fahrenbruch CE, Cobb LA, Eisenberg MS. Out-of-
hospital cardiac arrest in men and women. Circulation.
2001;104:2699-703.

8. Wissenberg M, Hansen CM, Folke E Lippert FK, Weeke P,
Karlsson L, et al. Survival after out-of-hospital cardiac
arrestin relation to sex: a nationwide registry-based study.
Resuscitation. 2014;85:1212-8.

9. Perers E, Abrahamsson P, Bang A, Engdahl J, Lindqvist J,
Karlson BW, et al. There is a difference in characteristics
and outcome between women and men who suffer out of
hospital cardiacarrest. Resuscitation. 1999;40:133-40.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Teodorescu C, Reinier K, Uy-Evanado A, AyalaJ, MarianiR,
WittwerL, etal. Survivaladvantage fromventricular fibrilla-
tionand pulseless electrical activityin women compared to
men: the Oregon sudden unexpected death study. J Interv
Card Electrophysiol. 2012;34:219-25.

Wigginton ]G, Pepe PE, BedollaJP, DeTamble LA, Atkins JM.
Sex-related differences in the presentation and outcome
of out-of-hospital cardiopulmonary arrest: a multiyear,
prospective, population-based study. Crit Care Med.
2002;30:5131-S6.

Ahn KO, Shin SD, Hwang SS, Oh J, Kawachi I, Kim YT, et al.
Association between deprivation status at communitylevel
andoutcomesfromout-of-hospital cardiacarrest: anation-
wide observational study. Resuscitation. 2011;82:270-6.
Dumas E Grimaldi D, Zuber B, Fichet J, Charpentier J,
PeneF etal. Ishypothermia after cardiac arrest effective in
both shockable and nonshockable patients?: insights from
alargeregistry. Circulation. 2011;123:877-86.

Kim]JY, Shin SD, Ro YS, Song KJ, Lee EJ, Park CB, et al. Post-
resuscitation care and outcomes of out-of-hospital cardiac
arrest: a nationwide propensity score-matching analysis.
Resuscitation. 2013;84:1068-77.

Testori C, Sterz E Behringer W, Haugk M, Uray T, Zeiner A,
et al. Mild therapeutic hypothermia is associated with
favourable outcome in patients after cardiac arrest with
non-shockablerhythms. Resuscitation. 2011;82:1162-7.
Dankiewicz J, Cronberg T, Lilja G, Jakobsen JC, Levin H,
UllenS§, etal. Hypothermia versus normothermia after out-
of-hospital cardiacarrest. NEngl] Med. 2021;384:2283-94.
Karlsson V, Dankiewicz J, Nielsen N, Kern KB, Mooney MR,
Riker RR, et al. Association of gender to outcome after out-
of-hospital cardiac arrest—a report from the International
CardiacArrestRegistry. CritCare. 2015;19:182.

Neugarten ], Golestaneh L, Kolhe NV. Sex differences in
acute kidney injury requiring dialysis. BMC Nephrol.
2018;19:131.

Bougouin W, Mustafic H, Marijon E, Murad MH, Dumas E
Barbouttis A, et al. Gender and survival after sudden
cardiac arrest: a systematic review and meta-analysis.
Resuscitation. 2015;94:55-60.

Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA,
Holmberg S. Is female sex associated with increased sur-
vival after out-of-hospital cardiac arrest? Resuscitation.
2004;60:197-203.

Ahn KO, Shin SD, Hwang SS. Sex disparity in resuscitation
efforts and outcomes in out-of-hospital cardiac arrest. AmJ
EmergMed. 2012;30:1810-6.

Morrison LJ, Schmicker RH, Weisfeldt ML, Bigham BL,
Berg RA, Topjian AA, et al. Effect of gender on outcome of
outofhospital cardiacarrestin the Resuscitation Outcomes
Consortium. Resuscitation. 2016;100:76-81.

NgYY,Wah W, Liu N, Zhou SA, Ho AE, Pek PP, et al. Associa-
tions between gender and cardiac arrest outcomes in Pan-
Asianout-of-hospital cardiacarrestpatients. Resuscitation.
2016;102:116-21.

Safdar B, Stolz U, Stiell IG, Cone DC, BobrowB], deBoehr M,
etal. Differential survival for men and women from out-of-
hospital cardiac arrest varies by age: results from the OPALS
study. Acad EmergMed. 2014;21:1503-11.

BossonN, KajiAH, FangA, Thomas]JL, FrenchW], ShavelleD,
etal. Sexdifferencesinsurvival fromout-of-hospital cardiac
arrestin the era ofregionalized systems and advanced post-
resuscitation care. ] Am Heart Assoc. 2016;5:e004131.
https://doi.org/10.1161/JAHA.116.004131

Bougouin W, Dumas E Marijon E, Geri G, Champigneulle B,
Chiche JD, et al. Gender differences in early invasive

@ Springer

Postresuscitation care and prognostication after cardiac arrest—Does sex matter?

623


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1161/JAHA.116.004131

original article

strategy after cardiac arrest: Insights from the PROCAT
registry. Resuscitation. 2017;114:7-13.

27. Hagihara A, Onozuka D, Hasegawa M, Nagata T, Abe T,
Nabeshima Y. Resuscitation outcomes of reproductive-age
females who experienced out-of-hospital cardiac arrest.
Eur Heart]J Acute Cardiovasc Care. 2017;6:121-9.

28. Winther-Jensen M, Hassager C, Kjaergaard J, Bro-Jeppe-
sen ], Thomsen JH, Lippert FK, et al. Women have a worse
prognosis and undergo fewer coronary angiographies after
out-of-hospital cardiac arrest than men. Eur HeartJ Acute
Cardiovasc Care. 2018;7:414-22.

29. Ramsey JM, Cooper JD, Penninx BW, Bahn S. Variation in
serum biomarkers with sex and female hormonal status:
implicationsforclinical tests. Sci Rep. 2016;6:26947.

30. Hasslacher J, Lehner GE Harler U, Beer R, Ulmer H, Kirch-
mair R, et al. Secretoneurin as a marker for hypoxic brain
injury after cardiopulmonary resuscitation. Intensive Care
Med. 2014;40:1518-27.

31. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji E
Biarent D, et al. Cardiac arrest and cardiopulmonary
resuscitation outcome reports: update of the Utstein Re-
suscitation Registry Templates for Out-of-Hospital Cardiac
Arrest: astatement for healthcare professionals from a task
force of the International Liaison Committee on Resus-
citation (American Heart Association, European Resusci-
tation Council, Australian and New Zealand Council on
Resuscitation, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Council
of Southern Africa, Resuscitation Council of Asia); and
the American Heart Association Emergency Cardiovascu-
lar Care Committee and the Council on Cardiopulmonary,
Critical Care, Perioperative and Resuscitation. Circulation.
2015;132:1286-300.

32. Kidney Disease: Improving Global Outcomes (KDIGO)
Acute Kidney Injury Work Group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Int. 2012;2(Sup-
plement):138.

33. Wijdicks EE Hijdra A, Young GB, Bassetti CL, Wiebe S. Qual-
ity Standards Subcommittee of theAmericanAcademyof N.
Practiceparameter: prediction ofoutcomeincomatosesur-
vivors after cardiopulmonary resuscitation (an evidence-
based review): report of the Quality Standards Subcom-
mittee of the American Academy of Neurology. Neurology.
2006;67:203-10.

34. Hasslacher J, Rass V, Beer R, Ulmer H, Humpel C,
Schiefecker A, et al. Serum tau as a predictor for neu-
rological outcome after cardiopulmonary resuscitation.
Resuscitation. 2020;148:207-14.

35. Kirchmair R, Hogue-Angeletti R, Gutierrez J, Fischer-Col-
brie R, Winkler H. Secretoneurin—a neuropeptide gener-
ated in brain, adrenal medulla and other endocrine tissues
byproteolyticprocessingofsecretograninIl (chromogranin
C).Neuroscience. 1993;53:359-65.

36. Schiefecker AJ, Dietmann A, Beer R, Pfausler B, Lack-
ner P, Kofler M, et al. Neuroinflammation is associated
with brain extracellular TAU-protein release after spon-
taneous subarachnoid hemorrhage. Curr Drug Targets.
2017;18:1408-16.

37. Edgren E, Hedstrand U, Kelsey S, Sutton-Tyrrell K, Safar P.
Assessment of neurological prognosis in comatose sur-
vivors of cardiac arrest. BRCT I Study Group. Lancet.
1994;343:1055-9.

38. Stiell IG, Nesbitt LB, Nichol G, Maloney J, Dreyer J, Beau-
doin T, et al. Comparison of the cerebral performance
category score and the health utilities index for survivors of
cardiacarrest. Ann EmergMed. 2009;53:241-8.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Kudenchuk PJ, Daya M, Dorian P, Resuscitation Outcomes
ConsortiumI. Amiodarone, lidocaine, or placebo in out-of-
hospital cardiacarrest. NEnglJMed. 2016;375:802-3.
Nichol G, Leroux B, Wang H, Callaway CW, Sopko G, We-
isfeldt M, et al. Trial of continuous or interrupted chest
compressions during CPR. NEnglJMed. 2015;373:2203-14.
Perman SM, Shelton SK, Knoepke C, Rappaport K, Mat-
lock DD, Adelgais K, et al. Public perceptions on why
women receive less bystander cardiopulmonary resuscita-
tionthan menin out-of-hospital cardiacarrest. Circulation.
2019;139:1060-8.

Kim MJ, Shin SD, McClellan WM, McNally B, Ro YS, SongKJ,
et al. Neurological prognostication by gender in out-
of-hospital cardiac arrest patients receiving hypothermia
treatment. Resuscitation. 2014;85:1732-8.

Winther-Jensen M, Kjaergaard J, Wanscher M, Nielsen N,
Wetterslev ], Cronberg T, et al. No difference in mortality
between men and women after out-of-hospital cardiac
arrest. Resuscitation. 2015;96:78-84.

Zeng Z, Surewaard BGJ, Wong CHY, Guettler C, Petri B,
Burkhard R, et al. Sex-hormone-driven innate antibodies
protect females and infants against EPEC infection. Nat
Immunol. 2018;19:1100-11.

Chua HR, Glassford N, Bellomo R. Acute kidney injury after
cardiacarrest. Resuscitation. 2012;83:721-7.

Hasslacher J, Barbieri E Harler U, Ulmer H, Forni LG, Bell-
mann R, et al. Acute kidney injury and mild therapeutic
hypothermia in patients after cardiopulmonary resuscita-
tion—a post hoc analysis of a prospective observational
trial. CritCare. 2018;22:154.

Kellum JA. Acute kidney injury.
2008;36:5141-S5.

Menzebach A, Bergt S, von Waldthausen P, Dinu C, Noldge-
Schomburg G, Vollmar B. A comprehensive study of sur-
vival, tissue damage, and neurological dysfunction in
a murine model of cardiopulmonary resuscitation after
potassium-induced cardiacarrest. Shock. 2010;33:189-96.
Nolan JP, Neumar RW, Adrie C, Aibiki M, Berg RA, Bot-
tiger BW, etal. Post-cardiacarrestsyndrome: epidemiology,
pathophysiology, treatment, and prognostication. A Scien-
tific Statement from the International Liaison Committee
on Resuscitation; the American Heart Association Emer-
gency Cardiovascular Care Committee; the Council on
Cardiovascular Surgeryand Anesthesia; the Councilon Car-
diopulmonary, Perioperative, and Critical Care; the Council
on Clinical Cardiology; the Council on Stroke. Resuscita-
tion. 2008;79:350-79.

Patschan D, Patschan S, Muller GA. Inflammation and
microvasculopathy in renal ischemia reperfusion injury.
JTransplant. 2012; https://doi.org/10.1155/2012/764154.
Hutchens MP, Fujiyoshi T, KomersR, Herson PS,AndersonS.
Estrogen protects renal endothelial barrier function from
ischemia-reperfusion in vitro and in vivo. Am J Physiol
Renal Physiol. 2012;303:F377-F85.

Kang KP, Lee JE, Lee AS, Jung YJ, Kim D, Lee S, et al. Effect
of gender differences on the regulation of renal ischemia-
reperfusion-induced inflammation in mice. Mol Med Rep.
2014;9:2061-8.

RodriguezF Nieto-Ceron S, FenoyFJ, LopezB, HernandezI,
Martinez RR, et al. Sex differences in nitrosative stress
during renal ischemia. Am J Physiol Regul Integr Comp
Physiol. 2010;299:R1387-R95.

Grossestreuer AV, Gaieski DE Abella BS, Wiebe D],
Moskowitz A, Ikeda DJ, et al. Factors associated with
post-arrest withdrawal of life-sustaining therapy. Resusci-
tation. 2017;110:114-9.

Kitamura T, Iwami T, Nichol G, Nishiuchi T, Hayashi Y,
Nishiyama C, et al. Reduction in incidence and fatality of

Crit Care Med.

624  Postresuscitation care and prognostication after cardiac arrest—Does sex matter?

@ Springer


https://doi.org/10.1155/2012/764154

original article

56.

57.

58.

out-of-hospital cardiacarrestin females of thereproductive
age. EurHeart].2010;31:1365-72.

Topjian AA, Localio AR, Berg RA, Alessandrini EA,
Meaney PA, Pepe PE, et al. Women of child-bearing
age have better inhospital cardiac arrest survival outcomes
thando equal-aged men. Crit Care Med. 2010;38:1254-60.
Noppens RR, Kofler J, Grafe MR, Hurn PD, Traystman RJ.
Estradiol after cardiac arrest and cardiopulmonary resus-
citation is neuroprotective and mediated through estrogen
receptor-beta. ] Cereb Blood Flow Metab. 2009;29:277-86.
Gatson JW, Maass DL, Simpkins JW, Idris AH, Minei JP,
Wigginton JG. Estrogen treatment following severe burn

injuryreducesbraininflammation and apoptoticsignaling.
JNeuroinflammation. 2009;6:30.

59. Gatson JW, Liu MM, Abdelfattah K, Wigginton JG, Smith S,
Wolf S, et al. Estrone is neuroprotective in rats after
traumaticbraininjury. JNeurotrauma. 2012;29:2209-19.

60. Phelps R, Dumas F Maynard C, Silver J, Rea T. Cerebral per-
formance category and long-term prognosis following out-
of-hospital cardiacarrest. Crit CareMed. 2013;41:1252-7.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer

Postresuscitation care and prognostication after cardiac arrest—Does sex matter? 625



	Postresuscitation care and prognostication after cardiac arrest—Does sex matter?
	Summary
	Introduction
	Patients, material and methods
	Biomarkers of neurological outcome
	Statistical analysis

	Results
	Targeted temperature management
	Complications
	Withdrawal of life-sustaining therapies
	Neurological outcome, survival and length of stay
	Biomarkers of neurological outcome

	Discussion
	Strengths and limitations

	Conclusion
	Supplementary Information
	References


