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ApproximAtely 30% of patients with ruptured intra-
cranial aneurysms causing subarachnoid hemor-
rhage (SAH) develop delayed cerebral ischemia 

(DCI) or delayed cerebral infarction.6,21,24 These com-
plications of SAH are recognized as the most important 
reasons for poor outcome; hence, considerable effort is 
devoted to monitoring and preventing their occurrence 
or mitigating their effect during hospital admission.6,21,24 
There is a growing realization that DCI and delayed cere-
bral infarction have a complex pathophysiology involving 
the interaction of multiple mechanisms that are the subject 
of intense research.2,16 Women have a disproportionately 

higher incidence of intracranial aneurysms than men, par-
ticularly after the menopausal period, an indication that 
sex-specific factors may mediate, in part, the formation of 
intracranial aneurysms, and likely by extension the patho-
genesis of SAH.

Clinical studies have identified a number of predictors 
of DCI and cerebral infarction.3 There are limited data re-
garding the effect of sex, and the available evidence has 
been contradictory. In this study, we investigated the rela-
tionship of sex to DCI and delayed cerebral infarction. The 
study may help improve knowledge about the pathophysi-
ology of DCI and delayed cerebral infarction, or contribute 
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OBJECTIVE In this study the authors sought to investigate the sex differences in the risk of delayed cerebral ischemia 
(DCI), delayed cerebral infarction, and the role of hormonal status.
METHODS Ten studies included in the SAHIT (SAH International Trialists) repository were analyzed using a fitting logis-
tic regression model. Heterogeneity between the studies was tested using I2 statistics, and the results were pooled using 
a random-effects model. Multivariable analysis was adjusted for the effects of neurological status and fixed effect of 
study. An additional model was examined in which women and men were split into groups according to an age cut point 
of 55 years, as a surrogate to define hormonal status.
RESULTS A pooled cohort of 6713 patients was analyzed. The risk of DCI was statistically significantly higher in women 
than in men (OR 1.29, 95% CI 1.12–1.48); no difference was found with respect to cerebral infarction (OR 1.17, 95% CI 
0.98–1.40). No difference was found in the risk of DCI when comparing women ≤ 55 and > 55 years (OR 0.87, 95% CI 
0.74–1.02; p = 0.08) or when comparing men ≤ 55 and > 55 years (p = 0.38). Independent predictors of DCI were World 
Federation of Neurosurgical Societies (WFNS) grade, Fisher grade, age, and sex. Independent predictors of infarction 
included WFNS grade, Fisher grade, and aneurysm size.
CONCLUSIONS Female sex is associated with a higher risk of DCI. Sex differences may play a role in the pathogen-
esis of DCI but are not associated with menopausal status. The predictors of DCI and cerebral infarction were identified 
in a very large cohort and reflect experience from multiple institutions.
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to better risk assessment for delayed complications after 
SAH.

Methods
Study Population

After receiving approval from the institutional review 
board of St. Michael’s Hospital, Toronto, we selected stud-
ies from the Subarachnoid Hemorrhage International Tri-
alists (SAHIT) data repository that used nimodipine as a 
standard treatment and reported DCI (“delayed cerebral 
ischemia” or “therapeutic hypertension” or “delayed ische-
mic neurological deficit”) or cerebral infarction (“cerebral 
infarction”). The repository contains data of multiple clini-
cal trials and observational prospective databases regard-
ing aneurysmal SAH. Ten data sets were selected, including 
those of the British Aneurysm Nimodipine trial (BRANT); 
Clazosentan to Overcome Neurological Ischemia and In-
farction Occurring After SAH (CONSCIOUS-1); Univer-
sity of Washington Database of Subarachnoid Treatment 
(D-SAT); Acute systemic erythropoietin therapy to re-
duce delayed ischemic deficits following aneurysmal sub-
arachnoid hemorrhage and effects of acute treatment with 
statins on cerebral autoregulation in patients after aneu-
rysmal subarachnoid hemorrhage trials (EPO_STATIN); 
Heinrich Heine University Concomitant Intraventricular 
Fibrinolysis and Low-Frequency Rotation After Severe 
Subarachnoid Hemorrhage Trial (HHU); Intraoperative 
Hypothermia for Aneurysm Surgery Trial (IHAST); Intra-
venous Magnesium Sulfate for Aneurysmal Subarachnoid 
Hemorrhage (IMASH) trial; International Subarachnoid 
Aneurysm Trial (ISAT); Kurashiki Central Hospital, Ja-
pan; and Columbia University Subarachnoid Hemorrhage 
Outcomes Project (SHOP). The objective and structure of 
the SAHIT database has been reported previously.12,17

Study Parameters
Based on the current knowledge about factors predict-

ing DCI and cerebral infarction, the following variables 
were selected for analysis: sex, age, neurological status 
at admission (World Federation of Neurosurgical Societ-
ies [WFNS] grade23), amount of subarachnoid blood seen 
on the initial CT scan (Fisher grade7), smoking, diabetes 
mellitus, hyperglycemia, hydrocephalus, history of hy-
pertension, location and size of aneurysm, and treatment 
modality (coiling or clipping).3–5,8,14,16,20,25 To study the 
effect of menopausal status on DCI and cerebral infarc-
tion, we created a dummy variable, “status,” as a surrogate 
for menopausal status using age cutoff ≤ 55 years or > 55 
years. This age cut point was based on previous studies.1,19 
Therefore, 4 groups were analyzed: men ≤ 55 years, men 
> 55 years, women ≤ 55 years, and women > 55 years. The 
primary outcome of interest was DCI, and the secondary 
outcome was delayed cerebral infarction, as defined by 
each individual data set (Supplemental Table).

Statistical Analysis
First, the data were examined descriptively, with cat-

egorical variables expressed as counts with percentages 
and continuous variables described as means with stan-
dard deviations. Binary logistic regression models were 

fitted to obtain the unadjusted odds ratios associated with 
the effect of sex in each study, and the resultant odds ratios 
were then pooled using a random-effects model. Between-
study heterogeneity was assessed using the I2 statistic. 
Where the pooled unadjusted odds ratios were statistically 
significant, further adjusted analysis was performed to ac-
count for the effects of age, admission WFNS grade, and 
the fixed effect of study. We also performed multivariable 
logistic regression analysis to identify independent predic-
tors of DCI and infarction. Statistical significance was set 
at p < 0.05. The analysis was performed using Stata soft-
ware (version 13.1, StataCorp).

Results
A pooled cohort of 6713 patients was analyzed, 4406 

(65%) of whom were women. The study cohort character-
istics are shown in Table 1. Women were on average older 
and had a higher incidence of a premorbid history of hy-
pertension. The other variables were comparably distrib-

TABLE 1. Baseline characteristics of patients in the pooled data 
set

Variable Men Women

No. of patients 2306 4406
Mean age in yrs ± SD 50.8 ± 12.9 55.2 ± 13.8
Hypertension 549 (33) 1407 (39)
WFNS grade
 I 1279 (50) 2143 (45)
 II 633 (25) 1317 (27)
 III 175 (7) 330 (7)
 IV 266 (10) 572 (12)
 V 231 (9) 453 (9)
Fisher grade
 1 185 (8) 275 (6)
 2 474 (21) 908 (21)
 3 1061 (46) 2130 (49)
 4 589 (26) 1008 (23)
Aneurysm location
 ACA 1131 (53) 1439 (34)
 ICA 420 (20) 1437 (34)
 MCA 408 (19) 863 (21)
 PC 180 (8) 451 (11)
Aneurysm diameter in mm
 0–12 1794 (83) 3662 (86)
 13–24 199 (9) 350 (8)
 ≥25 157 (7) 235 (6)
Aneurysm treatment
 Clip 1462 (67) 2943 (69)
 Coil 731 (33) 1333 (31)
 DCI 375 (16) 879 (20)
 Delayed cerebral infarct 236 (14) 562 (16)

ACA = anterior cerebral artery; ICA = internal carotid artery; MCA = middle 
cerebral artery; PC = posterior circulation.
The table does not include missing data. Values are presented as the number 
of patients (%) unless stated otherwise.

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC

https://thejns.org/doi/suppl/10.3171/2017.3.JNS162808


M. R. Germans et al.

J Neurosurg Volume 129 • August 2018460

uted between sexes. The incidence of DCI was statistically 
higher in women than in men (20% vs 16%, p = 0.001); 
similarly, the incidence of infarction was higher in women 
than in men (16% vs 14%, p = 0.001). A meta-analysis of 
the pooled unadjusted odds ratios (Fig. 1) indicated that 
women had a significantly higher risk of DCI in the pooled 
cohort (OR 1.32, 95% CI 1.15–1.52), and also a higher risk 
of infarction (OR 1.24, 95% CI 1.01–1.52), than men. In a 
model adjusting for age, WFNS grade, and fixed effect of 
study, the risk difference remained statistically significant 
for DCI (OR 1.29, 95% CI 1.12–1.48), but not for infarction 
(OR 1.17, 95% CI 0.98–1.40). The between-study hetero-
geneity was statistically not significant (I2: DCI = 0.0%, p 
= 0.53; infarct = 14.8%, p = 0.31). Table 2 shows the analy-
sis of the effect of menopausal status on DCI and infarct. 
The median age of women who were ≤ 55 years was 45 
years (interquartile range [IQR] 39–50 years); those > 55 
years had a median age of 65 years (IQR 59–72 years). We 
found no difference in the risk of DCI when comparing 
women ≤ 55 years to their counterparts who were > 55 
years (OR 0.87, 95% CI 0.74–1.02; p = 0.08). The risk of 
DCI was significantly lower in men who were ≤ 55 years 
and in those > 55 years, in comparison with women ≤ 55 
years. No difference in DCI risk was found on comparing 
men ≤ 55 years to those > 55 years (p = 0.38). We did a 
sensitivity analysis using the age cut point of 50 years and 
found no difference in the risk of DCI between women 

who were younger than 50 years compared with those 
who were older than 50 years (p = 0.41). The risk of in-
farction did not differ statistically between the sexes when 
analyzed based on an age cut point of 55 years.

Table 3 presents results from the multivariable model 
after including all predictor variables in Table 1. The vari-
ables that were independently associated with DCI were 
WFNS grade (p < 0.001), Fisher grade (p < 0.001), patient 
age (p = 0.025), and sex (p = 0.007). Independent predic-
tors of infarction included WFNS grade, Fisher grade, and 
aneurysm size.

Discussion
This study demonstrated a significantly higher risk of 

DCI in women than in men. Our finding is in consonance 
with the results of an aggregate-data meta-analysis by De 
Rooij et al. to identify predictors of DCI following aneu-
rysmal SAH.3 The risk difference of 29% in our study is 
comparable with the 30% estimated in their meta-analysis 
(OR 1.3, 95% CI 1.1–1.6). Taken together, the available ev-
idence suggests that sex plays some role in the pathogen-
esis of DCI, although we are uncertain as to which factors 
mediate this effect. In our present study, the women were 
older and presented in poorer clinical condition compared 
with their male counterparts; however, these factors had 
only marginal impact on the magnitude of the effect of sex 

FIG. 1. Forest plot of unadjusted odds ratios showing the effect of sex on DCI and infarcts in the different studies. See Methods for 
explanation of included studies.
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on DCI, suggesting little or no role for the primary brain 
injury in mediating the observed risk difference between 
men and women. Previous studies have reported sex-relat-
ed differences in aneurysm morphology that could provide 
a mechanistic explanation for the higher likelihood of DCI 
in women than in men.9 It has been shown that women 
tend to have a higher prevalence of internal carotid artery 
aneurysms and that men tend to have a higher prevalence 
of anterior cerebral artery aneurysms, including anterior 
communicating artery aneurysms. Lindekleiv et al., us-
ing computational fluid dynamic simulation, showed that 
women have much narrower vessel diameters and higher 
blood flow velocity that results in higher wall shear stress 

in the middle cerebral artery and internal carotid artery 
bifurcations.15 Higher wall stress could induce endothelial 
injury and altered vascular reactivity leading to perfusion 
deficits and the development of ischemia.

Furthermore, we investigated a putative role for female 
hormonal status, considering evidence from prior studies 
suggesting that sex and age interact to influence the risk 
of SAH, probably acting through a sex-specific hormonal 
factor.22 Menopause typically occurs between the ages of 
50 and 59 years when estrogen levels begin to decrease. 
The higher prevalence of ruptured aneurysms in women 
compared with men is more pronounced in the postmeno-
pausal period, probably because of loss of the protective 

TABLE 2. Effect of hormonal status on DCI and infarcts

Variable Median Age in Yrs (IQR) DCI* p Value Infarctions* p Value

Women
 ≤55 yrs 45 (39–50) Reference Reference
 >55 yrs 65 (59–72) 0.87 (0.74–1.02) 0.08 1.01 (0.82–1.24) 0.93
Men
 ≤55 yrs 44 (37–50) 0.75 (0.62–0.90) 0.002 0.81 (0.64–1.03) 0.09
 >55 yrs 61 (57–68) 0.72 (0.59–0.90) 0.003 0.96 (0.73–1.25) 0.76

* Data are presented as OR (95% CI).

TABLE 3. Multivariable analysis to identify independent predictors of DCI and infarcts

Variable DCI* p Value Infarction* p Value

Age 1.00 (0.98–1.01) 0.025 1.00 (0.99–1.01) 0.662
Female sex 1.38 (1.09–1.74) 0.007 1.02 (0.81–1.30) 0.842
Hypertension 1.06 (0.86–1.31) 0.5803 0.91 (0.72–1.13) 0.377
WFNS grade <0.001 <0.001
 I Reference Reference
 II 1.87 (1.40–2.49) 1.74 (1.27–2.38)
 III 3.05 (1.89–4.93) 3.05 (1.82–5.13)
 IV 3.03 (2.28–4.02) 3.28 (2.42–4.44)
 V 2.04 (1.44–2.88) 3.84 (2.73–5.41)
Fisher grade <0.001 0.003
 1 Reference Reference
 2 0.89 (0.53–1.50) 2.38 (1.37–4.15)
 3 1.97 (1.22–3.18) 2.48 (1.44–4.26)
 4 1.51 (0.89–2.54) 2.94 (1.66–5.22)
Aneurysm location 0.07 0.059
 ACA Reference Reference
 ICA 0.79 (0.61–1.01) 1.22 (0.93–1.59)
 MCA 0.82 (0.62–1.08) 0.79 (0.58–1.07)
 PC 0.67 (0.48–0.94) 1.11 (0.79–1.54)
Aneurysm diameter (mm) 0.466 0.003
 0–12 Reference Reference

 13–24 1.23 (0.88–1.72) 1.59 (1.14–2.21)
 ≥25 0.98 (0.58–1.68) 1.79 (1.10–2.92)
Aneurysm treatment 0.303 0.354
 Clip Reference Reference
 Coil 0.87 (0.67–1.14) 0.88 (0.66–1.16)

* Values are presented as OR (95% CI).
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effect of estrogen on vascular endothelium and smooth 
muscle integrity during this period. Estrogen regulates a 
number of inflammatory cascades and contributes to vas-
cular wall integrity.22 The dysregulation of these mecha-
nisms has been implicated in the pathogenesis of DCI.16,22 
We did not find an association between menopausal status 
and DCI risk in the present study. It is possible that the 
arbitrary age cut point we used was a crude and insensitive 
marker of menopausal status. A better approach would 
have been to directly measure estrogen levels. Further-
more, some studies have suggested that the mechanism 
by which estrogen influences aneurysm pathogenesis may 
be related to the fluctuation rather than the absolute defi-
ciency in estrogen levels.22

Although a significant relation of sex to cerebral in-
farction was seen in the pooled odds ratios, the statisti-
cal significance was lost after adjusting for other covari-
ates in the analysis. This is in contrast to the relationship 
between sex and DCI, which remained significant in the 
multivariable analysis. Multiple mechanisms have been 
implicated to mediate the occurrence of cerebral infarction 
after SAH, ischemia being one among the many putative 
pathways. Cerebral infarction due to DCI is now thought 
to be a better prognostic factor for functional outcome than 
DCI alone.6,21,24 Although a number of studies have identi-
fied predictors of DCI and cerebral infarction, our study 
is most likely one of the largest series. We demonstrated 
the impact of the primary injury and SAH clot burden in 
the pathogenesis of DCI and infarct formation after SAH. 
While the aneurysm size was the more relevant additional 
predictor for infarct formation, age and sex were more rel-
evant additional predictors of DCI. Indeed, previous stud-
ies have identified multiple predictors, including those in-
dicative of the severity of the primary injury and SAH clot 
burden, modifiable risk factors related to lifestyle habits, 
or the secondary complications of the aneurysm, includ-
ing vasospasm, hydrocephalus requiring drainage, and 
elevated intracranial pressure. In the meta-analysis of de 
Rooij et al. involving 52 studies that evaluated 33 potential 
predictors of DCI, the most robust evidence was found for 
a history of cigarette smoking (pooled OR 1.2, 95% CI 1.1–
1.4).3 The other predictors identified included hyperglyce-
mia, hydrocephalus, diabetes mellitus, and early systemic 
inflammatory response syndrome. In a recent study of 632 
patients who were managed in a single center, predictors of 
early cerebral infarction were identified and included Hunt 
and Hess Grades IV and V (OR = 2.06, p = 0.008), Fisher 
Grades 3 and 4 (OR = 3.99, p = 0.014), sustained elevations 
of intracranial pressure > 20 mm Hg (OR 5.95, p < 0.0001), 
and early vasospasm on diagnostic angiography (OR 3.01, 
p = 0.008).10 In a related paper, the authors reported a risk 
score for cerebral infarction (BEHAVIOR score) based on 
7 independent predictors identified at multivariable analy-
sis, including Fisher grade of SAH clot, patient age ≥ 55 
years, Hunt and Hess grade, acute hydrocephalus requiring 
external CSF drainage, vasospasm on initial angiography, 
intracranial pressure greater than 20 mm Hg, and treat-
ment of multiple aneurysms.11 In addition, Kanamaru et al. 
recently published their post hoc analysis of predictors for 
cerebral infarction in 579 patients in the Prospective Reg-
istry of Subarachnoid Aneurysms Treatment (PRESAT).13 

The predictors were Fisher Grade 3 on admission, larger 
aneurysm dome size, ruptured posterior circulation aneu-
rysms, premature aneurysm rupture during the clipping 
procedure, symptomatic vasospasm, and infection.

Because of missing data, we could not examine a num-
ber of the important factors identified in previous studies. 
This is especially true for cigarette smoking, as this was 
a strong predictor in the study of de Rooij et al.3 More-
over, there were variations in the definition of variables, 
for example, vasospasm, which necessitated the exclu-
sion. The selection of the outcome parameters DCI and 
delayed cerebral infarction was based on the definitions of 
the included studies, which could have caused heterogene-
ity. It is noteworthy that all trials included in the SAHIT 
data repository were investigating a treatment for DCI or 
delayed cerebral infarction. Some of these treatments did 
reduce DCI or delayed cerebral infarction, which could 
have biased the results of our study. Furthermore, we were 
not able to retrieve data on hormone replacement thera-
py, although this might have influenced the risk of DCI. 
In menopausal women, hormone replacement therapy ap-
pears to reduce the risk of aneurysmal SAH but is not as-
sociated with improvement in outcome.18 Its relationship 
to DCI is unknown. Finally, the ratio of treatment modali-
ties in our study is in favor of surgical clipping. The cur-
rent ratio between clipping and coiling is more toward the 
latter, which is associated with less risk of DCI.4,5,8 Theo-
retically, this increased use of coiling will lead to a lower 
incidence of DCI in current aneurysmal SAH populations, 
which might have an impact on the sex differences. De-
spite these limitations, our study has some strengths worth 
highlighting. This study is quite likely the largest series 
to study DCI and cerebral infarction after SAH. We also 
achieved a good case mix by the inclusion of prospective 
studies and databases from multiple regions, including 
Europe, Asia, Australia, and North America, which make 
the results of this study more generalizable than those of 
prior studies.

Conclusions
The present study indicated that female sex is associ-

ated with a higher risk of DCI, and thus sex may play a 
role in the pathogenesis of DCI but was not associated 
with menopausal status. Other sex-specific factors may 
be involved, and we could not fully rule out the influence 
of hormonal changes on DCI and infarct formation after 
SAH. The study has identified the predictors of DCI and 
cerebral infarction in a very large cohort reflecting experi-
ence from multiple institutions.
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