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Abstract

Objectives DCI and hydrocephalus are the most common complications that predict poor outcomes after aSAH. The rela-
tionship between sex, DCI and hydrocephalus are not well established; thus, we aimed to examine sex differences in DCI
and hydrocephalus following aSAH in a systematic review and meta-analysis.

Methods A systematic search was conducted using the PubMed, Scopus and Medline databases from inception to August
2022 to identify cohort, case control, case series and clinical studies reporting sex and DCI, acute and chronic shunt-depend-
ent hydrocephalus (SDHC). Random-effects meta-analysis was used to pool estimates for available studies.

Results There were 56 studies with crude estimates for DCI and meta-analysis showed that women had a greater risk for
DCI than men (OR 1.24, 95% CI 1.11-1.39). The meta-analysis for adjusted estimates for 9 studies also showed an associa-
tion between sex and DCI (OR 1.61, 95% CI 1.27-2.05). For acute hydrocephalus, only 9 studies were included, and meta-
analysis of unadjusted estimates showed no association with sex (OR 0.95, 95%CI 0.78-1.16). For SDHC, a meta-analysis
of crude estimates from 53 studies showed that women had a somewhat greater risk of developing chronic hydrocephalus
compared to men (OR 1.14, 95% CI 0.99-1.31). In meta-analysis for adjusted estimates from 5 studies, no association of
sex with SDHC was observed (OR 0.87,95% CI 0.57-1.33).

Conclusions Female sex is associated with the development of DCI; however, an association between sex and hydrocephalus
was not detected. Strategies to target females to reduce the development of DCI may decrease overall morbidity and mortal-
ity after aSAH.
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Introduction

Delayed cerebral ischaemia (DCI) [23] and hydrocephalus
[10] are the most common complications that occur fol-
lowing aneurysmal subarachnoid haemorrhage (aSAH).
This article is part of the Topical Collection on These neurological complications are also predictors of
VascularNeurosurgery - Aneurysm poor outcomes [27]. DCI occurs in approximately 30% of
aSAH patients, mostly between 3 and 14 days after aSAH,
and may lead to ischaemic stroke, and severe morbidity or
mortality [29]. Hydrocephalus increases the risk of mor-
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sex differences has resulted in the improved management of
various cardiovascular diseases eventually leading to better
outcomes for both sexes [32].

Sex differences in the incidence of DCI and hydrocepha-
lus have been explored in a few studies. In our previous mul-
ticentre observational study, we also observed that a greater
proportion of women had DCI and hydrocephalus [27]. A
prior systematic review published a decade ago reported lim-
ited evidence of an association between sex and DCI with
the pooled odds ratio for women compared to men being OR
1.3 (95% CI 1.1-1.6) [7]. Notably, examining sex difference
was not the primary objective of the previous review, and
only 4 high-quality studies were included in the meta-analy-
sis. Thus, the relationship between sex and the development
of DCI remains uncertain. Identification of sex as a predic-
tor for DCI could potentially refine current DCI prediction
systems, assist in tailoring clinical and imaging surveillance
for DCI and impact on the decisions to transfer patients out
of intensive care into regular ward beds. Moreover, this
would inform future research to examine pathophysiologi-
cal pathways that could be different in men and women for
the development of DCI.

For acute hydrocephalus, a systematic review with an
account of sex differences could not be identified; however,
for chronic shunt-dependent hydrocephalus (SDHC), results
have been inconsistent. In one review which aimed to exam-
ine risk factors for SDHC after aSAH, the meta-analysis
of 12 studies showed that female sex was not a risk fac-
tor for SDHC (OR 1.13, 95% CI 0.77-1.65) [40]. Another
review that aimed to determine the predictors for SDHC
showed that the female sex was a predictor for developing
SDHC (OR 1.19, 95% CI 1.07-1.33) from the meta-analysis
of 21 studies [41]. Of note, the estimates pooled in these
meta-analyses were unadjusted. Like DCI, these systematic
reviews on hydrocephalus were not aimed at specifically
examining the sex differences. Hence, inconsistent findings
in previous reviews demand an updated systematic review
and meta-analysis to determine the role of sex in hydro-
cephalus post aSAH.

Since the relationship between sex, DCI and hydrocepha-
lus are not well established, we aimed to examine sex differ-
ences in DCI and hydrocephalus following aSAH in a sys-
tematic review and meta-analysis. In addition, we aimed to
perform multivariable modelling to increase our understand-
ing of the potential causes of any detected sex differences.

Methods
Literature sources and search strategy

PubMed, Scopus and Medline via Ovid were searched
from inception to August 2022. The Online Resource
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1 supplementary methods provide full search strategy.
Keywords and medical subject headings used for
searching the databases included “sex characteristics”,
“sex difference”, “gender difference” and “sex factors”.
The review was registered with PROSPERO (ID:
CRD42021253615). The methodology of this study is in
accordance with PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses) guidelines.

Study screening for title and abstract

Two reviewers (SR and HP) screened titles and abstracts
based on the following inclusion criteria: (1) cohort,
case control, cross-sectional, case series or clinical trials;
(2) provided estimates for sex differences in the given
complications; (3) provided proportions to estimate the
sex differences; (4) were published in English. Studies
were excluded if they were (1) animal-based, experimental,
autopsy series, or included fewer than 10 patients, or (2) in
foreign languages.

Full-text screening

For full-text screening, a study was included when meet-
ing the following criteria: (1) being original research,
either a cohort, case—control study, cross-sectional,
case series or clinical trials; (2) either using alternate
terms for DCI, including clinical/symptomatic vasos-
pasm, delayed ischaemic neurological deficit (DIND),
vasospasm, having a definition similar or close to the
definition by the National Institute of Neurological Dis-
orders and Stroke (NINDS) for DCI [31, 37], (3) pro-
viding effect estimates with 95% CI association of sex
with the complications or raw data to calculate these.
We excluded studies on angiographic vasospasm, based
exclusively on cerebral infarction and those with no
proper criteria to define DCI.

Risk of bias and methodological quality assessment

Two independent reviewers (SR and HP) used the Critical
Appraisal Skills Programme (CASP) [1] (Online Resource 2
Supplementary Table 1) to assess the quality of the studies.
This CASP scale has a range from 0-14 for cohort (high-
quality study if >7 score), 0-12 for cross-sectional (high-
quality study if > 6 score) and 0-11 for trials (high-quality
study if > 6 score). Any conflict between the two reviewers
was resolved by discussion. A few questions were modified for
the review (Online Resource 2 See Supplementary Table 1).
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Data extraction

Reviewers (SR and HP) independently extracted predefined
data items. Extracted items included author, year of publica-
tion, study period, study design, the sample size for cohort,
male and female cases, follow-up period for cohort studies,
mean age, effect estimates crude or adjusted for different
risk factors in men and women, raw data to calculate crude
estimates, measurement of DCI, covariates adjusted in the
study and any potential reason provided by the authors for
the identified difference between the sexes. While authors
were not contacted for additional data, we included data and
have provided additional sex-specific analysis from our prior
publication [27, 28].

Data analysis

This comprised of meta-analysis from published studies and
separate analysis from original data from REDDISH (REduc-
ing Delays In aneurysmal Subarachnoid Haemorrhage) study
due to additional data availability. We determined sex differ-
ences in the DCI and hydrocephalus in a multivariable model.
The results from the REDDISH study were combined with
the pooled estimates from published studies.

Meta-analysis of published studies

Crude and adjusted odds ratios (OR), risk ratios (RR) or
hazard ratios (HR) were reported by some studies for sex
differences in DCI and hydrocephalus after aSAH. The
proportions of men and women provided by studies were
used to calculate the unadjusted odds ratio of DCI or hydro-
cephalus when estimates were not provided or not calcu-
lated. We also used raw data to calculate crude estimates in
women compared to men to add the study to meta-analysis
when estimates were provided for men compared to women.
Random-effects meta-analysis using metan command was
used to pool estimates by approximating OR/RR when there
were more than 2 published studies available to combine the
results. Sub-group analysis was performed for comparing
criteria to diagnose DCI (NINDS vs. other definitions that
partly approximated gold standard criteria) and study design.
Also, sensitivity analysis was performed for only studies
with both unadjusted and adjusted estimates for DCI.

Statistical analysis for DCl and chronic hydrocephalus
in REDDISH study

REDDISH was a retrospective cohort study of all patients
(n=575) with aSAH across two tertiary referral hospital net-
works in Australia from 1% January 2010 to 31" December
2016 [27, 28]. We used logistic regression to estimate the odds
ratio (OR +95% confidence interval [CI]) of DCI and chronic

hydrocephalus for women compared to men. We identified
potential covariates to include in our model that were known to
be associated with DCI and chronic hydrocephalus from ‘exist-
ing literature’ as well as analyses of study factors from the RED-
DISH data set (e.g. demographics, pre-stroke health or clinical
factors). We used the purposeful model building to create an
adjusted model selecting to include a variable in the model when
(1) the covariate was associated with sex (p-value <0.25), (2) the
covariate was associated with the outcome (p-value <0.25) and
(3) the covariate that changed the effect of sex on the outcome
by >10% [11]. The covariates added in the adjusted model for
DClI included age, WENS [World Federation of Neurosurgical
Societies] (1-3 vs. 4-5), modified Fisher score (0-2 vs. 3-4),
history of hypertension, smoking status (current, ex or never),
location and size of the aneurysm, systolic blood pressure at
presentation, extra ventricular drain placement, time to early
treatment (<72 h vs.>72 h). For chronic hydrocephalus, covari-
ates included in the model were age, WENS (1-3 vs. 4-5), mod-
ified Fisher score (0-2 vs. 3—4), history of hypertension, location
and size of the aneurysm and DCI. Then, stepwise elimination
was performed to identify the factors that explained the associa-
tion of sex with DCI and chronic hydrocephalus and age at ictus
and modified Fisher score were forced into models. For acute
hydrocephalus, there was a lack of evidence from the literature
for potential covariates to create an adjusted model. Moreover,
only the crude estimates were required for meta-analysis as there
was only one study with adjusted estimates available across the
studies for acute hydrocephalus. Analysis was performed in sta-
tistical software Statal7 (StataCorp LLC, Texas, USA) and a
two-sided p-value < 0.05 was considered statistically significant.

Meta-regression

Meta-regression was performed to assess the heterogeneity for
study-level factors including age, the proportion of women, the
income status of the country of study (high-income vs. mid-
dle- and low-income countries) and criteria to diagnose DCI.
To examine DCI as a study-level factor, the definition criteria
for DCI used for diagnosis were compared between the stud-
ies that took into account similar or nearly similar criteria as
NINDS to the studies that used other criteria (partly approxi-
mating with gold standard criteria) to diagnose DCI. Begg’s
test was used to assess publication bias and a p-value <0.05
was considered significant.

Results

The pooled estimates comprised of results from pooling
the estimates from published studies and combining the
results from the REDDISH study with the meta-analysis. We
included studies in the meta-analysis if they were more than
two studies for the outcome. The details are discussed below.
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Meta-analysis of published studies

There were 12,027 records identified for studies based on
DCI and after removing duplicates there were 8749 records
to screen (Fig. 1). After the screening of the title abstract and
full text, 62 studies were included in the review (cohort=25
prospective and 34 retrospective; trial = 3). There was a total
of 17,061cases of aSAH in these studies. All studies were of
high quality (see Supplementary Tables 2 and 3). Most of
the papers were from the USA (n=15), Europe (n=12) and
China (n=11) (Online Resource 2 Supplementary Table 4).

For hydrocephalus, 1332 records were identified. After
duplicates were removed (n=468), we had 864 studies for the
title and abstract screening (Fig. 2). Out of these, 92 studies
were included in full-text screening and 60 were included
in the review (cohort=12 prospective and 45 retrospective;
trials=4). There were 31,994 cases of SAH. The majority of
the included studies were of high-quality studies for hydro-
cephalus (see Supplementary Tables 5, 6 and 7). Most of
the papers were from Europe (n=17), the USA (n=15) and
South Korea (n=10) (Online Resource 2 Supplementary
Table 8).

Of the 62 included studies in the DCI analysis, 56
had unadjusted women:men estimates for inclusion in
our meta-analysis (Fig. 3, Online Resource 2 Supple-
mentary Table 9). Female sex was associated with DCI
in the crude meta-analysis of 56 studies (OR 1.24, 95%
CI 1.11-1.39). There were approximately 15% of the
included studies (N =9) with adjusted estimates for DCI.

Women were more likely to develop DCI compared to
men even after accounting for confounding factors in the
adjusted meta-analysis (OR 1.61, 95% CI 1.27-2.05) (see
Fig. 4 and Online Resource 2 Supplementary Table 4).
A sensitivity analysis that was limited to the studies pro-
viding both unadjusted and adjusted estimates (N =6)
showed consistent results (see Online Resource 2 Sup-
plementary Fig. 1). Further analysis based on the study
design also showed that DCI was associated with the
female sex in the unadjusted meta-analysis of prospective
studies (OR 1.35,95% CI 1.12-1.61) and retrospective
studies (OR 1.20, 95% CI 1.04-1.39) while no detect-
able association was noted in the meta-analysis of clini-
cal trials (OR1.01, 95% CI 0.46-2.23). For the adjusted
meta-analysis, the association with sex was noted for
prospective studies (OR 1.54, 95% CI 1.05-2.26) and
retrospective studies (OR 1.71, 95%CI 1.33-2.20). Two
studies were not included in the meta-analysis because
unadjusted estimates for men compared to women were
provided that were non-significant, with OR being 1.27,
(95% CI1 0.48-3.35) [4] and 1.08 (95%C1 0.60—1.95) [42]
respectively. In the studies with adjusted analysis, it was
noticed that factors like blood pressure or diabetes melli-
tus were taken into account. There is a possibility that the
management of these might have resulted in differences
by sex in DCI. In our sub-group analysis, different defi-
nitions of DCI did not affect the association with sex. We
compared the studies that followed the gold standard def-
inition (n =38 in unadjusted meta-analysis and n =6 in
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Fig.2 Flow diagram showing
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adjusted meta-analysis) to those studies (n =18 in unad-
justed meta-analysis and n =3 in the adjusted meta-anal-
ysis) that included part of the gold standard definition
to diagnose DCI. The estimates were positively associ-
ated with the female sex using both NINDS (women:men
OR adjustea 1-20, 95% CI 1.02-1.40; OR 4jy51eq 137, 95%
CI 1.21-1.56) or other criteria for DCI (women:men
OR nadjusted 1-72, 95% CI 1.18-2.51; OR 4jy51eq 153, 95%
CI 1.17-2.01) in both unadjusted and adjusted analysis.

For hydrocephalus, acute and chronic or shunt-dependent
hydrocephalus were examined separately. For acute hydro-
cephalus, only 9 studies were included in the meta-analysis
and unadjusted estimates showed no association with sex
(OR 0.95,95% CI 0.78-1.16) (see Fig. 5, Online Resource 2
Supplementary Table 10). For chronic or SDHC, the female
sex was found to be somewhat of a risk in the unadjusted
meta-analysis of 53 studies (OR 1.14,95% CI 0.99-1.31) (see
Fig. 6, Online Resource 2 Supplementary Table 8). There
were limited studies examining the association of SDHC or
chronic in the adjusted analysis. In meta-analysis for adjusted
estimates from 5 studies, the risk of hydrocephalus was not
associated with sex (OR 0.87,95% CI 0.57-1.33) (see Fig. 7,
Online Resource 2 Supplementary Table 8). Based on the
study design, unadjusted estimates were not associated
between sex and SDHC for prospective studies (OR 1.00,
95% CI 0.84-1.18), retrospective studies (OR 1.12, 95% CI
0.98-1.29) and trials (OR 1.82, 95% CI 0.78—4.24).

There was only one study with adjusted estimates for
acute hydrocephalus for women compared to men (OR 0.67,

95% CI 0.18-2.43) and was not included in the meta-analy-
sis [6]. There was one study [13] with the adjusted estimates
(OR 0.5, 95% CI 0.13-10.19) for chronic hydrocephalus in
men compared to women that were not significant for the
male sex and not included in the meta-analysis.

Estimates for sex differences for DCl
and hydrocephalus in REDDISH study

There were 27% (n=156) patients with DCI in the study and
30% (N=122) women had DCI compared to 19% (N=34)
men. In the unadjusted analysis, sex was associated with
DCI (OR 1.87,95%CI 1.21-2.90). In a multivariable model,
sex (OR 2.01, 95% CI 1.26-3.21), modified Fisher score [4,
5] (OR 2.47, 95% CI 1.24-4.93) and systolic blood pres-
sure at presentation (OR 1.007, 95% CI 1.001-1.0013) were
associated with the DCI.

Acute hydrocephalus indicated by intervention was in
55% (n=315) of the patients; 61% (n=108) men and 52%
(n=207) women. Chronic hydrocephalus was present in
10% (n=59) of the aSAH patients affecting 7% (n=13) men
and 11% (n=46) women. There was no association of sex
for acute (OR 0.71, 95% CI 0.49-1.02) and chronic hydro-
cephalus (OR 1.66, 95% CI 0.87-3.16) in the unadjusted
model. In the multivariable model, for chronic hydrocepha-
lus, only DCI (OR 2.46, 95% CI 1.37-4.40) was an inde-
pendent predictor while sex (OR 1.21, 95% CI 0.61-2.38)
was not. These estimates were combined with the estimates
of the published studies in the meta-analysis.
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Fig. 3 Forest plot of unadjusted
estimates for DCI in women
compared to men
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Fig.4 Forest plot of adjusted estimates for DCI in women compared to men
%
Study Year OR (95% Cl) Weight
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Fig.5 Forest plot of unadjusted estimates for acute hydrocephalus in women compared to men

Analysis of heterogeneity

We performed meta-regression for the factors that could
potentially determine the heterogeneity among the stud-
ies. In the unadjusted meta-analysis, study characteristics
including age, the income of the country, study design and

criteria for DCI diagnosis were not the potential sources
of heterogeneity but the greater proportion of women was
a source of heterogeneity (P =0.08) to some extent (see
Online Resource 2 Supplementary Tables 11 and 12). In
the adjusted meta-analysis for DCI, sex difference was pro-
portional to the greater proportion of women which was
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Fig.6 Forest plot of unadjusted estimates for chronic/SDHC in women compared to men
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identified as a potential source of heterogeneity (p =0.03).
For SDHC, in the unadjusted analysis, study design (trials
p=0.007) was observed to be the source of heterogeneity.
No sources of heterogeneity were evident for studies used in
the adjusted meta-analysis of SDHC and acute hydrocepha-
lus. Also, no evidence of publication bias was detected.

Discussion

In this systematic review, we identified sex differences for
DCI in both crude and adjusted meta-analyses. No sex dif-
ferences were observed for acute hydrocephalus and chronic
SDHC.

Ddl

We observed that women suffer more from DCI than men
even after accounting for confounders or covariates. Our
findings are consistent with the previous review from almost
10 years ago that showed pooled estimates of high-quality
studies to be around 1.3 (1.1-1.6) [7]. However, this review
was based on examining a large number of predictors for
DCI and included only 4 studies that specifically examined
sex differences. By comparison, we have identified a robust
association between sex and DCI in both crude analyses
of 56 studies and adjusted analysis of 9 studies. The most
common factors included in models with sex were age, and
severity scores including WFNS, modified Fisher score or
Fisher score, and Hunt and Hess score. Most of these are
independent predictors of poor outcomes [25, 35], and thus
our adjusted analysis adds to the current literature by demon-
strating that women are approximately 1.6 times more likely
to experience DCI than men.

There are many possible reasons why women more often
suffer from DCI than men. An important one could be that
aSAH incidence increases in women usually after meno-
pausal age [26] when there is a decrease in oestrogen levels
[24]. Oestrogen is a vasorelaxant and neuroprotective [21,
36]. It is known to increase nitric oxide (NO) bioavailabil-
ity, and also regulates the prostacyclin and thromboxane A2
that maintain the vascular tone in females [22]. Oestrogen
deficiency, which may contribute to aSAH in the first place
[15], could lead to loss of vasodilatory effects and resultant
ischaemia in women. In support of this hypothesis, there are
animal studies that suggest that steroids including estradiol
could be useful to relieve cerebral vasospasm [3, 18]. How-
ever, a recent study on humans with aSAH showed only a
weak correlation between hormones and vascular tone [19].
More evidence is needed to assess the role of oestrogens in
humans after aSAH. Another physiological phenomenon
that could be the cause of DCI being more common in
women than men is narrow vessel diameters with a high

speed of blood flow [9]. This may cause high sheer wall
stress leading to endothelial damage, lack of blood circula-
tion and ultimately ischaemia [9]. There is still a need to
understand why DCI occurs in women more often than in
men and further exploration of the role of the use of oes-
trogen in the prevention of DCI in trials keeping in mind
its implications for the risk for other cardiovascular events
[34]. More studies are required to investigate the modifiable
factors (e.g. pathophysiology or management) that explain
the sex differences for DCI. This will refine current clini-
cal and imaging monitoring strategies for DCI potentially
leading to more tailored monitoring in women. Women at
higher risk of DCI should have more frequent monitoring,
and perhaps remaining in the intensive care or high depend-
ency unit for the high-risk DCI period. Patients at lower risk
could have less frequent monitoring or could be stepped
down to a regular ward bed or discharged more rapidly.

The studies included in meta-analyses were examined
for potential sources of heterogeneity which could be due
to different study designs, sample sizes, the proportion of
women, age, the income of the country and criteria to diag-
nose DCI. The proportion of women which remains usually
high for aSAH explained variability between the studies with
the adjusted estimates and to some extent for unadjusted
estimates; however, other characteristics could not explain
these differences. There might be unmeasured factors that
could have contributed to the heterogeneity.

It was noted that there was a lack of uniformity in assess-
ing DCI even in studies published after the introduction of
gold standard criteria based on the definition of DCI by
Vergouwen et al. in 2010 [37]. This lack of consistency has
been highlighted in a recent study [33] that showed varia-
tions exist among neurosurgeons, intensivists and neurolo-
gists regarding the definition, diagnosis and management
of DCI, and there was a ‘mediocre adherence’ to the gold
standard criteria which could lead to either over or under-
estimation of the disease and perhaps poor care. Therefore,
there is a need to take proper measures in the disparity of
care of aSAH patients with DCI.

Hydrocephalus

In our review, we found that there is somewhat a greater risk
of SDHC in women than men after aSAH, but this was not
associated with sex in both unadjusted or adjusted meta-
analyses. We also found that there was no difference by sex
for acute hydrocephalus in the crude meta-analysis.

In the previous reviews, sex was examined as a predic-
tor for SDHC. One review showed there was no differ-
ence in the risk of SDHC in women [40] compared to men
while another showed that women developed SDHC more
than men [41]. In these reviews, the authors only pooled
the unadjusted estimates or used raw numbers. We found
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Fig.7 Forest plot of adjusted estimates for SDHC in women compared to men

few studies that provided information on sex differences in
acute hydrocephalus. However, no difference was noted in
the unadjusted meta-analysis. Common covariates adjusted
for the studies to predict chronic or SDHC were sex, age,
severity scores, acute hydrocephalus and vasospasm. As
would be expected, studies showed that many patients with
acute hydrocephalus often suffer from chronic hydrocepha-
lus making it a strong predictor for SDHC [17, 20, 39]. It is
observed that acute and chronic hydrocephalus share simi-
lar but also distinct pathogenesis [S], which suggests that
acute hydrocephalus could be in the path of development
of chronic hydrocephalus. However, acute hydrocepha-
lus is predominantly due to obstruction of the ventricles
while [14] chronic is due to obstruction of the arachnoid
granulations by blood products and adhesions within the
ventricular system [16]. At present, no sex differences were
detected in acute hydrocephalus; however, some evidence
from experimental studies suggests that acute hydrocepha-
lus is more common in the female sex than in males and the
contribution of oestrogen deficiency could potentially play
the main role [12, 30]. Though we identified that the risk
of developing SDHC is marginally greater in women than
men further exploration is recommended to understand
the relationship between sex and acute and chronic hydro-
cephalus as this may help in devising sex-specific meas-
ures to prevent both acute and chronic hydrocephalus and
morbidity in the aftermath. As there have been very few
studies specifically designed to examine sex differences in
hydrocephalus with an exploration of only a limited range
of covariates, therefore, further studies may help elucidate
the relationship between sex and hydrocephalus.

Sex disparities have been identified in outcomes after aSAH
with women having worse outcomes including mortality, func-
tional outcomes and post-aSAH complications compared to

@ Springer

men [2, 27]. Examining sex differences in neurological compli-
cations was not the main objective of the majority of the stud-
ies included in this review which meant most did not include
sex as a covariate in multivariable models. Further exploration
of the factors contributing to sex differences in complications
in multivariable models will be useful to improve diagnosis
and disease management [32]. Sex differences in the manage-
ment of aSAH could be a potential reason for the high rate of
complications in women. In the REDDISH study [28], we did
not detect sex differences in adherence to care processes after
aSAH. However, not many studies have been designed to com-
pare the difference by sex in the management of aSAH; thus,
lack of evidence exists as far as sex inequalities in treatment
are concerned. Disregarding sex as a risk factor for DCI and
hydrocephalus could potentially compromise the accuracy of
management of aSAH. Adequate monitoring in women could
help in early detection and timely intervention to reverse DCI
as rapidly as possible before the ischemic process progresses to
infarction [8], leading to worse outcomes. Therefore, it is highly
recommended that future research should explore the missing
link in the development of these complications in women,
which may include vascular structure, hormones or genetic
factors. Prospective studies and clinical trials with adequate
sample size to examine sex differences in aSAH management
and outcomes are needed to inform sex-specific management
guidelines for aSAH including complications, which currently
do not exist, unlike other cardiovascular diseases [38].

This is one of the few systematic reviews that focuses on
examining sex differences in DCI and hydrocephalus after
aSAH. We identified common covariates contributing to
the sex differences in DCI and hydrocephalus. We carefully
selected the studies regarding the definition of DCI consider-
ing the NINDS criteria and the use of alternate terms used
across the studies, which was challenging. We also examined
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sex differences in acute hydrocephalus following aSAH not-
ing that few studies provided data on the proportion of men
and women who had acute hydrocephalus.

Some limitations should be acknowledged in this review.
There were several unmeasured confounding factors, for
example use of hormone replacement therapy in women,
parity or other sex-specific factors that could explain sex dif-
ferences but could not be addressed due to lack of evidence
in the literature. For the meta-analysis of adjusted estimates
for DCI and chronic hydrocephalus and crude estimates for
acute hydrocephalus, there were only < 10 high-quality stud-
ies, which limits the strength of evidence and examination
of the source of heterogeneity among studies.

Conclusion

Female sex is associated with the development of DCI and
but an association between sex and hydrocephalus was not
detected. There is a need for more research to understand the
role of sex in the occurrence of DCI post-aSAH and factors
that could explain these differences. An improved understand-
ing could lead to strategies to reduce the development of DCI
and decrease overall morbidity and mortality after aSAH.
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