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Abstract The aneurysmal subarachnoid hemorrhage is a ma-
jor public health problem described as a sudden drastic event
with no warning symptoms and high morbidity and mortality
rates. The role of the endothelial isoform of nitric oxide syn-
thase gene polymorphism in intracranial aneurysms (IAs) is
still a matter of controversy with divergent findings among
European, American, and Asian populations. Our study pur-
posed to test the association between intracranial aneurysms
formation and nitric oxide gene polymorphisms through a
systematic review and meta-analysis. Systematic search on
Medline, Lilacs, and EMBASE was performed. The primary
search resulted in 139 papers, out of which 9 met our inclusion
criteria after a full text analysis. The dominant T786C model
found a significant association with IA (OR 1.22, 95 % CI
1.04–1.44, p=0.01), so did studies of the recessive T786C
model (OR 0.37, 95 % CI 0.30–0.45, p<0.0001) but with
opposite effect. Our findings support the presence of the

T786C polymorphism as a predictor for the development of
intracranial aneurysm in the cerebral vascular system. More
studies are necessary in order to elucidate the pathways of the
endothelial nitric oxide synthase (eNOS) in cerebrovascular
diseases and in defining how different allelic combinations of
the eNOS gene single-nucleotide polymorphism (SNP) could
favor this pathological process.

Keywords Endothelial nitric oxide synthase . Genetic
polymorphisms . Intracranial aneurysms .Meta-analysis .

Subarachnoid hemorrhage

Introduction

The aneurysmal subarachnoid hemorrhage (aSAH) is a major
public health problem characterized by a sudden drastic event,
which is not preceded by warning signs, and withholds high
morbidity and mortality rates [36]. The prevalence of an aSAH
is 10 to 11 per 100.000, with a rupture rate varying from 0.05 to
6 % per year [10, 11, 13]. Half of these patients die or become
disabled with severe neurological deficits [18].

The sudden and unexpected onset of this condition, as well
as the high costs of treatment and screening, have encouraged
the search of susceptible elements that can possibly predict an
aneurysmal rupture.With this purpose, the International Study
of Unruptured Intracranial Aneurysm (ISUIA) [11] first sub-
stantiated a higher rupture rate in aneurysms over 10 mm in
diameter and located in the posterior circulation. In sameman-
ner, several reports identified environmental insults (such as
risk factors sex, age, smoking, and hypertension) and genetic
factors to influence in the formation and rupture of intracranial
aneurysms (IA) [11, 32].

In 2003, Khurana et al. questioned, “Can brain aneurysms
that are more prone to rupture be identified genetically?” This
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was the first report that suggested genetic markers for patients
with ruptured IA, which mainly targeted the genetic polymor-
phisms of the endothelial isoform of the nitric oxide synthase
(eNOS) [14–16].

Endothelial cells express eNOS to serve as an important
source of nitric oxide (NO), a potent vasodilator, inflammation
inhibitor, an important element in smooth muscle cell prolif-
eration, and platelet aggregation [3, 6, 7, 12, 13]. The eNOS
gene is known as functionally polymorphic, which can result
in a decreased expression of the enzyme and subsequently a
decreased production of NO.

Experimental studies with the knockout of the eNOS gene
in mice report a higher susceptibility for several vascular dis-
eases [13]. Additionally, various clinical reports have shown
an association between the intimate eNOS polymorphisms
with cardiovascular diseases such as carotid atherosclerosis
[24], coronary vasospasms [28], hypertension, and acute myo-
cardial infarction (AMI) [9].

The following three types of eNOS gene polymorphism are
described in literature: the T786C, the G894T, and the 27
VNTR, and each one is related to a vascular disease. The
T786C is a single-nucleotide polymorphism (SNP) located
on the gene promoter region, characterized by the substitution
of thiamine (T) for citosyne (C) at the 786th paired base up-
stream of the eNOS gene. This SNP has been described in
association to coronary vasospasms [28]. The G897T is an
SNP located on exon-7 of the eNOS gene and is related to
AMI and carotid atheroma [9, 24]. The last polymorphism is a
variable number tandem repeat (VNTR) located in intron-4 of
the gene and consists of either four or five 27-base pair (bp)
repetitions. This one is associated with AMI [37] and aortic
aneurysm [21].

The role of eNOS gene polymorphisms in IA is still a matter
of controversy with divergent findings among European,
American, and Asian populations. Therefore, the purpose of
this study was to study the relationship between the formation
of IA and eNOS gene polymorphisms by performing a system-
atic literature search and a quantitative analysis of the available
scientific studies.

Materials and methods

Data sources

Electronic searches using Medline, Lilacs, Cochrane, and
EMBASE were conducted to identify all published case-
control studies reporting genetic polymorphisms of eNOS in
IAs and subarachnoid hemorrhage (SAH) in humans pub-
lished since and including January 2000. Letters and abstracts
were included in the searches. The Medical Subject Headings
and text words used for the search were “intracranial aneu-
rysm,” “saccular aneurysm,” or “subarachnoid hemorrhage”

in combination with “genetics,” “endothelial nitric oxide syn-
thase,” “gene,” “single-nucleotide polymorphism,” “oxide ni-
tric synthase,” “polymorphisms,” or “genetic linkage.” Search
results were limited to humans. Studies in English, Portuguese,
Spanish, German, and Dutch languages were subsumed and
searched. The references of all identified publications were
hand-searched for additional studies, and the “related articles”
option inMedline and Lilacs was used to examine all additional
relevant articles.

Study selection

Selection criteria included case-control studies in which the
aneurysm was characterized as a dichotomous trait. Studies
were only selected if an unruptured aneurysm was diagnosed
using conventional angiography, 3D CT scanning, MR imag-
ing, or MR angiography. The SAH studies were included if
the hemorrhage was verified by lumbar puncture, CT scan-
ning, or during surgical repair. Studies were excluded if (i)
patients had a history of connective tissue disorder or polycys-
tic disease, (ii) the genotype frequency was not reported and
could not be obtained by contacting authors, and (iii) quanti-
tative traits or intermediate phenotypes were investigated. For
studies with >1 publication describing results among the same
or overlapping groups of patients or controls, only the largest
of the available published data sets were included.

Statistical Analysis

Data was analyzed using software for preparing and maintain-
ing Cochrane reviews (Review Manager version 5.0,
Cochrane Collaboration, http://www.cc-ims.net/RevMan)
and the software BioEstat© 5.3 (Instituto Mamirauá, Brazil,
http://www.mamiraua.org.br/pt-br/downloads/programas/).
To determine the strength of genetic association, a pooled OR
was calculated for each eNOS gene variant by using fixed-
and random-effect models, in addition to the calculation of 95
% CIs. Fixed-effect summary ORs were calculated using the
Mantel-Haenszel method, and the Der Simonian and Laird
method was used to calculate random-effect summary ORs.
The frequencies of at-risk genotypes were compared between
cases and controls for each single-nucleotide polymorphism
analyzed. Tests for heterogeneity were performed for each
polymorphic meta-analysis with significance set at p≤0.05.

Results

Number of studies retrieved

The primary search resulted in 139 papers, out of which 22
met the initial inclusion criteria. After complete text analysis,
only nine met the inclusion and exclusion criteria (Fig. 1).
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Country, year of publication, number of cases and controls,
and the mean age of the subjects are summarized in Table 1.

Characteristics of the studied population

Seven studies associated gender and the occurrence of aneu-
rysm rupture. These studies included 799 women and 475
men in the case group and 460 women and 525 men in the
control group. The groups possessed a significant statistical
difference, which affirms a higher risk in females (OR 1.59,
95 % CI 1.34–1.89, p<0.0001). The average age in these
seven studies suggests that aneurysm rupture is associated
with a higher mean age in comparison to the control group
(OR 4.89, 95 % CI 3.92–5.87, p<0.0001).

Four studies associated smoking and aneurysm rupture,
which identified 162 smokers among 376 cases and 92 smokers

among the 495 controls. A significant difference was found
regarding this risk factor (OR 3.83, 95 % CI 2.28–6.43,
p<0.0001), which affirms smokers to have a higher risk of
aneurysm rupture.

Four studies associated hypertension and aneurysm rup-
ture, which identified 163 hypertensive patients among the
376 cases and 132 among the 495 controls. However, there
was no significant difference regarding this risk factor (OR
1.85, 95 % CI 0.80–4.27, p=0.14).

Four studies associated diabetes and aneurysm rupture,
which identified 31 diabetics among the 376 cases and 68
among the 495 controls. A significant difference between
the two groups (OR 0.52, 95 %, CI 0.35–0.78, p=0.0018)
suggests that diabetics are at lower risk of developing aneurysms.

Seven studies evaluated the T786C polymorphism and its
association with ruptured/unruptured IA. In assessing the
dominant T786C model, there was a significant association
with IA (OR 1.21, 95 % CI 1.12–1.30, p<0.0001). However,
the recessive T786C model showed no significant association
(OR 0.93, 95 % CI 0.54–1.60, p=0.80).

For the G894T polymorphism, six studies associated it
with ruptured/unruptured IA. No significant association was
found in either the dominant model (OR 0.92, 95 % CI 0.69–
1.22, p=0.57) or the recessive model (OR 0.88, 95 % CI
0.45–1.69, p=0.70).

Five studies evaluated the 27VNTR eNOS polymorphism
and its association with ruptured/unruptured IA. No signifi-
cant association was observed in the recessive model (OR
1.16, 95 % CI 0.58–2.31, p=0.66); in counterpart, in the
dominant model, a significant association was observed (OR
1.17, 95% CI 0.78–1.74, p=0.42), suggesting the mutation to
serve as a protective factor for ruptured IA.

Four studies evaluated the T786C polymorphism and its
association with aSAH. In assessing the dominant T786C
model, there was a significant association with IA (OR 1.22,
95 % CI 1.04–1.44, p=0.01). The recessive T786C model
showed significant association (OR 0.37, 95 % CI 0.30–
0.45, p<0.0001), however, with an opposite effect.

Fig. 1 Flow diagram of search strategy and study selection

Table 1 Summary of articles
used to perform the meta-analysis Country Authors Year Case (n) Control (n) Age (mean)

Case Control

USA Khurana et al. [17] 2004 61 60 54.00 ± 12.00 96.00 ± 12.00

Japan Akagawa et tal. [1] 2005 220 214 59.30 ± 12.50 63.70 ± 12.60

Korea Akagawa et al. [1] 2005 191 191 55.20 ± 11.20 61.70 ± 7.50

Germany Krex et al. [22] 2006 142 190 51 (27–82)

Japan Krischek et al. [23] 2006 108 176 60.20 ± 9.50 54.70 ± 12.10

Korea Song et al. [34] 2006 136 113 53.70 ± 11.30 61.80 ± 10.50

Turkey Ozum et al. [29] 2008 53 60 54.20 ± 13.53 50.03 ± 15.49

India Koshy et al. [20] 2008 122 224 51.49 ± 11.40 46.71 ± 14.10

Korea Kim et al. [18] 2011 149 121 52.90 ± 12.30 55.20 ± 9.10
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For the G894T polymorphism, four studies evaluated its
association with aSAH. There was no significant association
found in either the dominant model (OR 0.85, 95 % CI 0.57–
1.27, p=0.44) or the recessive model (OR 0.93, 95 % CI
0.37–2.29, p=0.88).

Three studies evaluated the 27VNTR eNOS polymorphism
and its association with aSAH. No significant association was
observed in the recessive model (OR 1.41, 95%CI 0.80–2.47,
p=0.23), neither in the dominant model (OR 1.47, 95 % CI
0.75–2.86, p=0.25).

The meta-analysis outcomes are summarized in Table 2.

Discussion

This comprehensive meta-analysis provides a detailed study
about the role of the T786C, G894T, and 27VNTR eNOS
polymorphisms related to an increased risk of IA. After critical
analysis of the retrieved studies, we identified significant ev-
idence regarding the T786C polymorphism and the occur-
rence of intracranial aneurysms and evolution to subarachnoid
hemorrhage.

Recent advances in genetic disorders have revealed several
alterations in genes and its protein products to be involved in
IA formation and rupture [16, 18]. The main advantages of a
genetic screening diagnostic tool would be the non-invasive-
ness, low complexity, and low costs, when compared to cur-
rent imaging techniques used, such as CT angiography or MR
angiography [18].

There are several case-control studies using an allelic-
association model in IA that have identified gene polymor-
phisms, such as eNOS, ACE, endoglin, APOE, IL-6, and
MMP-3, related to cerebral aneurysms [2, 25, 27, 30].
However, none have led to definitive findings due to the limited
number of studies in the recent database.

The genetic eNOS polymorphism has been extensively
studied, since 2003, based on the following three types of
genetic abnormalities: T786C, G894T, and 27 VNTR. These
studies reported the association between these polymorphisms
with the following four events: aneurysm formation, aneu-
rysm size, subarachnoid hemorrhage, and vasospasm follow-
ing aSAH.

Genetic eNOS polymorphism X aneurysm formation

Eight studies evaluated the relation between eNOS gene poly-
morphisms and aneurysm formation. These studies comprised
patients with ruptured/unruptured IA and healthy volunteers
from six different countries (USA, Japan, Korea, India,
Germany, and Turkey). In addition to the known functions of
NO in vascular tone, platelet regulation, and cerebral blood
flow [8, 26], experimental studies recently found NO signaling
impairment preceding induced SAH episode in rats and that
NO knocked-out mice are more prone to various vascular dis-
eases [13]. Furthermore, increased NO levels in the cerebrospi-
nal fluid have been reported in patients after SAH [22, 31].

Ozum et al. (2008) [29] and Khurana et al. (2004) [17],
respectively, described a statistical association of the G984T
and the 27VNTR polymorphisms with the presence of intra-
cranial aneurysms. However, in both studies, the patients pre-
sented ruptured intracranial aneurysms and the controls were
healthy individuals.

Recently, a meta-analysis [25] evaluating the genetics of
ruptured and unruptured IA was published. Significant find-
ings support the relation of the dominant T786C polymor-
phism model (T/T vs T/C and C/C; OR 1.24, 95 % CI 1.0–
1.54, p=0.05) with the development of IA. Alternatively, in
the recessive model (T/T and T/C vs C/C), no statistical dif-
ference was found (OR 0.83, 95 % CI 0.38–1.83, p=0.64).
Although the number of studies in this meta-analysis was low,

Table 2 Meta-analysis outcomes

Polymorphism Groups Genetic model Studies Cases/controls OR (95 % CI) p value

T-786C Cases × controls Dominant 7 1521–1313 1.21 (1.12–1.30) <0.0001

Recessive 7 1521–1313 0.93 (0.54–1.60) 0.80

SAH × controls Dominant 4 602–603 1.22 (1.04–1.44) 0.01

Recessive 4 602–603 0.37 (0.30–0.45) <0.0001

G-894T Cases × controls Dominant 6 922–861 0.92 (0.69–1.22) 0.57

Recessive 6 922–861 0.88 (0.45–1.69) 0.70

SAH × controls Dominant 4 523–550 0.85 (0.57–1.27) 0.44

Recessive 4 523–550 0.93 (0.37–2.29) 0.88

27VNTR Cases × controls Dominant 5 869–800 1.17 (0.78–1.74) 0.42

Recessive 5 869–800 1.16 (0.58–2.31) 0.66

SAH × controls Dominant 3 470–490 1.47 (0.75–2.86) 0.25

Recessive 3 470–490 1.40 (0.80–2.47) 0.23
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the average number of cases (1134) and controls (968) were
suitable and there was no evidence of publication bias.

Our results are consistent with this previous meta-analysis
demonstrating a positive relation between the T786C polymor-
phism (dominant model) and the occurrence of IA (OR 1.24,
95 % CI 1.21–1.28, p<0.0001). Our meta-analysis included
1416 cases and 1289 controls providing a more accurate esti-
mate of this genetic association compared to previously pub-
lished studies (Figs. 1 and 2).

eNOS polymorphism X aneurism size

Studies about the natural history of intracranial aneurysms
have suggested multiple risk factors that may determine which
aneurysms are more prone to rupture. Among these factors,
the ISUIA results indicated an aneurysm diameter ≥10 mm in
patients with no previous SAH and the posterior location as
independent predictors of rupture [11].

However, Forget et al (2001) [5] reported that the ISUIA
findings are contended by the fact that the majority of ruptured
aneurysms are <10 mm in diameter and proposed to drop the
aneurysm size out as a sole criterion to guide decisions about
unruptured IA treatment. These authors hypothesized about
two subpopulations of intracranial aneurysms: (1) aneurysms
with a fast development and rupture when >10 mm in size and
(2) aneurysm with a slow growth, which are amenable to
being studied over months or years by serial imaging, and
are more prone to rupture when <10 mm [5, 16].

Based on this controversial issue, Khurana et al. (2003)
[16] suggested a genetic contribution as the answer to the
different subpopulations of IA. A genetic distinction between
large and small ruptured aneurysms could be a factor influenc-
ing the size at which rupture occurs. Although they found no
significant difference in the distribution of eNOS T786C SNP
genotypes between cases and controls, their data suggested
that homozygosity vs heterozygosity for this polymorphic
gene could differentiate between small- and large-diameter
ruptured aneurysms. The eNOS heterozygous genotype
remained significantly associated with aneurysm size
>10 mm in diameter (p=0.03) and presented aneurysm mean
diameter (8.5±5.2) significantly larger than those of T/T (4.7
±1.8 mm) and C/C (6.0±2.3 mm) homozygotes [16].

These authors [16] suggested that in heterozygous geno-
types, some interactions between normal and mutant alleles
could result in abnormal expression of the eNOS. This differ-
ence in the eNOS function may affect the response of the
vessel wall to withstand aneurysmal dilatation, expressing
the aneurysmal rupture at markedly different aneurysm sizes.
However, this suggestion was made based on a relatively
small size study (case group n=52).

On the other hand, these results were not confirmed by
Krex et al. (2006) [22] and by Akagawa et al. (2005) [1],
who showed an insignificant tendency for the mutant allele

(C) to be more frequent in patients with IA >10 mm in size,
with no difference between homozygous and heterozygous
individuals.

Akagawa et al. (2005) [1] studied the T786C SNP in two
different populations, Japanese and Koreans, and was careful
to select homogenous cases and controls. Nevertheless, there
was a difference regarding the genotype frequency between
Asian control population and control populations of
Caucasian origin (European—Krex et al. 2006 [22] and North
American—Khurana et al. 2003 [16]), with a higher frequency
on the C allele in Caucasians. This data may be attributable to
ethnically related differences in allele frequencies.

This same negative association between eNOS gene SNP
and aneurysm size was reported by Krex et al. (2006) [22] in a
European population analysis. In the comparison between
Khurana and Krex findings, the difference related to the ethnic
background owing that both were performed in Caucasian
origin populations can be excluded. On the other hand, the
difference in genotype distribution could be influenced by
environmental factors such as smoking, hypertension, and
gender and by the studied population size.

Due to the limited amount of studies and to the methodo-
logical differences, a statistical assessment was not feasible.

Genetic eNOS polymorphismX aneurysmal subarachnoid
hemorrhage

The unexpected and sudden occurrence of a SAH has moti-
vated the recent efforts toward unraveling a genetic marker
associated with an increased risk of IA rupture. Due to its
several functions in blood vessels, the eNOS is intensively
studied, under the hypothesis that an abnormal enzymatic ex-
pression could be determinant to a genetic susceptibility to
aneurysmal rupture.

The most promising data was described by Khurana et al.
(2004) [17], which identified an increased susceptibility of
rupture in the presence of the eNOS 27VNTR, notably related
to the presence of the “4a” allele. This study found a signifi-
cant difference in the distribution of genotypes between SAH
cases and controls (p=0.002) and the OR between cases and
controls for those with at least one 4a allele was 3.95 (95 % CI
1.45–10.56, p=0.007).

This association was also statistically significant in Ozum
et al. (2008) data [29], which investigated the G894T polymor-
phism in patients with ruptured IA in a Turkish population.
There was a significant relationship of the eNOS recessive
model (TT vs TG and GG) and the presence of aneurysmal
SAH (OR 2.51, 95 % CI 1.12–5.65, p=0.02, as well an in-
creased frequency of the T allele in the cases group (OR 1.78,
95 % IC 1.04–3.05, p=0.02).

Krischek et al. (2006) [23] tried to replicate these findings in
a Japanese population submitting 297 patients with SAH, 108
patients with UA, and 176 unrelated volunteers. However, they
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did not find, for the three polymorphisms (T786C, G894T,
27VNTR), any statistical difference within the alleles frequency
between the groups. Although the ethnic background cannot be
excluded, several clinical differences between both populations
may have contributed to these divergent results. Among the
Japanese population included a lower percentage of women, a
higher number of patients with familial history of IA or SAH
and a lower number of patients with multiple aneurysms.

Other studies carried out in distinct populations (Korean,
Indian, Japanese) could also not predict the susceptibility to
SAH caused by eNOS gene polymorphism.

A single interestingly finding reported by Song et al.
(2006) [34] presented an unfavorable outcome (Glasgow out-
come scale 3–5) after SAH for patients with the eNOS T786C
SNP T/C genotype (heterozygous) with an OR=4.27 (95 %
CI 1.12–16.11, p=0.032) working as a prognostic marker in
individuals with SAH.

In 2008, a meta-analysis analyzed four of these studies above
to evaluate the relationship between eNOS gene T786C poly-
morphism and aSAH and found no association. The OR for the
dominant carriers was 1.27 (95 % CI 0.99–1.62, p=0.06) [30].

On the other hand, our findings showed a significant asso-
ciation between the T786C polymorphism and aSAH in
assessing the polymorphism dominant model (OR 1.22,
95 % CI 1.04–1.44, p=0.01). Our meta-analysis included a
larger number of patient from five studies, with a total of 602
aSAH individuals and 603 controls. This positive correlation
was not found by Peck et al (2008) [30] with a p value quite
distant to the significant rates, whereas our significant results
were reached with the sample addition.

Genetic eNOS polymorphism X Pós-SAH cerebral
vasospasm

Despite the many advances in understanding the pathophysi-
ology of the delayed cerebral vasospasm after SAH, this event
is still one of the most mysterious vascular events in regard its
development and role in neurological deficits [17, 19, 35].
Until now, the only predictor for the occurrence of cerebral
vasospasm following SAH is the amount of blood in the sub-
arachnoid space in early head CTafter bleeding. However, the
clinical neurological consequences following this event vary
markedly between patients with similar radiological grades of
SAH [4].

Since the role of nitric oxide in cerebral vasospasm (after
SAH) was discovered, this turned into a subject of study for
neuroscientists [9, 21, 33, 37]. Therefore, genes encoding NO
isoforms may exhibit aberrations that could account for indi-
vidual differences in vasomotor responses following aneurys-
mal rupture.

The first study regarding this issue was designed by
Khurana et al. (2004) [17], in which they found a significant
association between Fisher’s grade 3 SAH with the

development of cerebral vasospasm, and also that the majority
of these patients were heterozygous for the eNOS T786C
SNP. In addition, the prevalence of the C allele showed a
significant association with the occurrence and severity of
cerebral vasospasm, represented in 80 % of the patients with
asymptomatic vasospasm and in 100 % of the patients with
symptomatic vasospasm.

The next published data also confirmed a role of the T786C
SNP in the cerebral vasospasm pathophysiology. Ko et al.
(2008) [19] showed a strong association of the CC genotype
with high-risk patients to develop cerebral vasospasm, when
compared with any T genotype—CTor TT (OR 2.07, 95%CI
1.32–6.67, p= 0.008). In contrast, the previous study with
Caucasians as well reported the highest risk for heterozygous
patients (CT genotype) [17]. Even though the study by Ko
et al. presented some strengths such as a large population
(n=319), a prospective cohort design, and a detailed radio-
graphic outcome assessment, future studies are required to
elucidate these findings.

Starke et al. (2008) [35] did a multivariate logistic regres-
sion analysis, which denoted, in contrary to previous data, the
T allele as a significant predictor of vasospasm. This hypoth-
esis was affirmative in general vasospasm (OR 3.04, 95 % CI
1.3–9.0, p=0.013), in symptomatic vasospasm (OR 3.3, 95%
CI 1.1–10.0, p=0.034); in angiographic vasospasm (OR 3.6,
95 % CI 1.3–9.6, p=0.013), and in severe cerebral vasospasm
requiring endovascular intervention (OR 3.5, 95 % CI 1.3–
9.5, p=0.016).

The main published articles about the genetic prediction of
cerebral vasospasm following SAH provided such controver-
sial findings. While Khurana et al. (2004) [17] presented
higher risk in heterozygous (C/T) genotype patients, Ko
et al. (2008) [19] found a significant relation with C homozy-
gous (C/C) patients, and Starke et al. (2008) [35] proposed the
T allele as a powerful predictor of vasospasm and its severity.
These different findings may be due to inadequate power,
different incidences of alleles, or prevalence of vasospasm;
however, the ethnicity variable was excluded since all these
studies included only Caucasian patients in the sample
analysis.

The clinical suspicion and confirmation of cerebral vaso-
spasm through neurologic presentation elevated transcranial
Doppler velocities and ratios, and angiography are not uni-
formly recorded in the reviewed studies. Khurana et al.
(2004) [17] included and distributed the patients in groups
by positive predictors in neurological examination, radiologi-
cal findings, and/or increased flow in the transcranial Doppler
ultrasonography. In the other two studies, the inclusion criteria
were more strict excluding other causes of clinical deteriora-
tion (hydrocephalus, seizures, rebleeding, or metabolic distur-
bances). Adding to that, these patients were managed in a
neurological intensive care unit and the follow-up with cere-
bral angiography was just performed to document the
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vasospasm if the clinical status persisted for a determined
period of time.

Furthermore, another critical divergence detected was the
difference in methods employed for the genetic analysis, with
Starke et al. (2008) [35] using genomic DNA extracted from
oral swabs and other studies using DNA extracted from pe-
ripheral blood lymphocytes.

Therefore, due to these different research strategies and
different ways to assign participants into groups, this meta-
analysis did not include these studies in the statistical evalua-
tion to avoid select bias.

Participant ethnicity

The well-known influence of different ethnicity on geno-
type expression is reflected in the divergent findings of the
presented studies in this meta-analysis. The majority of the
studies analyzed (55 %) were performed with Asian de-
scendant participants, which tend to have a clear high prev-
alence of C/C genotype. Caucasians, on the other hand,
showed a more homogenous distribution, with high fre-
quencies of heterozygous (T/C) genotypes. Therefore, the
ethnicity should be taken into account before conclusions
can be made about how genetics influence in such a com-
plex disease.

Meta-analysis limitations

Even though the number of included studies was limited, the
pool of studied population summed over 2000, which allows a
more precise estimate to be made of the effect of these genes
in comparison to a single study.

In fact, the interpretation of any meta-analysis must be
made within the context of its limitations, including study
selection, publication bias, variability in the methods, and
quality of the chosen articles. Egger symmetry tests and funnel
plots showed no substantial evidence of publication bias.
Although the design of the participant groups varied consid-
erably between the studies, this was overridden with separate
analysis according to a specific outcome (aneurysmal forma-
tion, aneurysm size, and SAH).

Our findings support the presence of the T786C SNP
as a predictor for the development of intracranial aneu-
rysm in the cerebral vascular system. However, this com-
prehensive meta-analysis could not come to any conclu-
sion about an effect of an eNOS gene SNP in cerebral
vasospasm. Therefore, more studies are necessary in order
to elucidate the pathways of the eNOS in cerebrovascular
diseases and in defining how different allelic combina-
tions of the eNOS gene SNP could favor this pathological
process. These findings will allow clinicians to be the
forerunners in optimizing the early treatment for patients
with a high genetic risk.
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