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Update on genetic evidence for rupture-prone compared
with rupture-resistant intracranial saccular aneurysms
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Object. Anecdotal evidence exists for at least two subpopulations of intracranial saccular aneurysms; those that form
rapidly and rupture when small and those that enlarge slowly and are particularly prone to rupture when they are 10
mm or more in diameter. The goal in this study was to determine if there was genetic evidence to support the classification of intracranial saccular aneurysms as “rupture-prone” or “rupture-resistant” lesions.
Methods. The authors prospectively obtained and analyzed clinical and genetic data in a cohort of 197 individuals
composed of 58 patients with ruptured intracranial saccular aneurysms, 49 with unruptured aneurysms, and 90 healthy
community volunteers. Based on recent studies supporting an increasingly relevant role for the critical vasomodulatory protein endothelial nitric oxide synthase (eNOS) in aneurysm pathobiology, the authors assayed blood from all 197
participants to determine and compare their eNOS genotypes.
The eNOS gene intron 4 27–base pair variable-number tandem-repeat polymorphism was significantly overrepresented in persons with ruptured intracranial saccular aneurysms compared with community volunteers (p  0.002).
When comparing eNOS genotypes among patients with ruptured or unruptured aneurysms, an approximately 10-fold
increase in the odds of presenting with brain aneurysm rupture was found among individuals with multiple variant
eNOS alleles (p = 0.004).
Conclusions. Uniquely, the authors have identified a set of eNOS gene variations whose presence indicates patients
with intracranial saccular aneurysms that are more prone to rupture. The authors conclude that if these findings are
reproducible in the setting of a large multicenter study, then in addition to known anatomical factors, a rapid and costeffective genetic screening tool will become available to clinicians as an aid to predicting rupture risks in patients presenting with unruptured intracranial aneurysms.
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Our goal in this article is to provide an update on the
evolving evidence for the existence of two distinct subpopulations of intracranial saccular aneurysms. One is
composed of aneurysms that develop relatively rapidly
and rupture when smaller than 10 mm in diameter (that is,
the variety that tends to be seen in the emergency room
setting). The other is composed of aneurysms that enlarge
slowly, are amenable to study over months or years with
serial imaging, and are more prone to rupture when 10
mm or larger in diameter (that is, those seen and followed
in the clinical setting). The data summarized in this article
are reported and discussed in detail elsewhere.5,10,15,16
Abbreviations used in this paper: eNOS = endothelial nitric
oxide synthase; ISUIA = International Study of Unruptured Intracranial Aneurysms; SAH = subarachnoid hemorrhage; SNP = single-nucleotide polymorphism; VNTR = variable-number tandemrepeat.
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OVERVIEW
Controversy Over Aneurysm Size in Relation to Rupture
Risk

Although there is considerable epidemiological evidence supporting a multifactorial origin for intracranial
aneurysm formation,29 including factors regarded as
congenital (heritable connective tissue disorders, familial
predisposition, and female sex) and acquired (cigarette
smoking and hypertension), there is much controversy
surrounding the natural history of unruptured intracranial
aneurysms. Certainly, the discrepancy between the prevalence of brain aneurysms (as high as 5% or 10–15 million
in the US population alone) and the incidence of rupture
(~30,000 cases annually in the US) indicates that some
brain aneurysms are more prone to rupture than others.9,29
Particularly since the publication of the studies by Wiebers and colleagues,35,36 to improve the overall outcome in
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what is otherwise a devastating disease, a multitude of
investigators have sought to identify factors that may determine which aneurysms are more prone to rupture. In a
systematic and comprehensive manner, the ISUIA has
shed some light on this by identifying aneurysm size of 10
mm or more in diameter in patients with no previous SAH
and posterior location as independent predictors of rupture.10 As Forget, et al.,5 have reported, however, the findings of the ISUIA are disputed by the fact that the majority of aneurysms presenting after rupture are less than 10
mm in size ( 85% in their report and 75% in our own
series16). Explanations for this discrepancy include a much
higher prevalence of smaller aneurysms overall, decrease
in aneurysm size after rupture, or existence of a subpopulation of aneurysms that rupture at a smaller critical size
soon after formation.5,36 The former two explanations have
been substantially rejected;5 the third seems more plausible, and is the basis for the hypothesis tested in our recent
genetic studies.15,16
Specific Anatomical Evidence for Rupture-Prone
Compared With Rupture-Resistant Aneurysms

In our most recent study (VG Khurana, et al., 2004,
manuscript in review), our groups with unruptured and
ruptured aneurysms (49 and 58 patients, respectively)
showed no significant difference in demographic and clinical variables such as age, sex, race, cardiovascular comorbidities, smoking, and family history of brain aneurysm or SAH. Furthermore, patient demographics and
aneurysm features (such as multiplicity, mean size, and
location) in our group with unruptured lesions were consistent with those reported in Group 1 patients with unruptured aneurysms in the ISUIA (that is, patients with no
preceding SAH from another aneurysm).10
Aneurysms in our ruptured and unruptured groups
differed significantly, however, with regard to anatomical
features. Consistent with other series of ruptured brain aneurysms,5,31,36 anatomically, lesions in our ruptured group
were smaller (mean size 7.5 mm) than those in the unruptured group (mean size 9.6 mm; p = 0.037), and tended to
be much more frequently located in the anterior and posterior communicating arteries, and much less frequently in
the posterior circulation (p  0.001).
These findings are at odds with those of the ISUIA.10 In
that study, unruptured aneurysms larger than 10 mm or
those located in the vertebrobasilar circulation or along
the posterior cerebral artery were identified as being more
prone to rupture, whereas aneurysms located along the anterior communicating artery were found to rupture relatively infrequently. This disparity underscores arguments
put forth by investigators that the type of lesions described
in the ISUIA may in fact represent only one type of intracranial saccular aneurysm; the type that is not prone
to rupture. These arguments have been articulated elsewhere.5,16
Does a Genetic Approach Hold the Answer?

In the light of mounting evidence that genetic factors
may play a role in intracranial aneurysm formation and
rupture,16,23,24,29 the key questions that arise are these: can
genetic technologies be applied to detect different subpopulations of intracranial saccular aneurysms, and can
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such information be used to improve the care of patients
who have these lesions? With the completion of the
Human Genome Project, attention is now focused on the
field of functional genomics, in which the principal aim is
to establish links between genes, the proteins they encode,
and the molecular pathogenesis of human disease.25,26
Why study the eNOS gene? Of the array of molecular
candidates that are potentially relevant to the pathogenesis
of aneurysmal SAH, we deliberately chose the gene
encoding the endothelial isoform of NOS as the focus for
our investigation for several reasons. First, NO derived
from constitutive isoforms of NOS acts as a potent
vasodilator and inhibitor of inflammation, smooth-muscle
cell proliferation, and platelet aggregation.2,21 Second,
there is biochemical, immunohistochemical, and functional evidence for impairment of NO signaling after experimental SAH in animals,12,13,34 and abnormal NO levels in
cerebrospinal fluid have been reported in humans following aneurysmal SAH.28 Third, in gene transfer paradigms,
recombinant eNOS overexpression in animal13 and
human14 intracranial arteries, even in the setting of experimental SAH, has been shown to be vasoprotective.
Fourth, eNOS gene knockout in animals has been shown
to predispose them to hypertension, atherosclerosis, coronary artery disease, and aortic aneu-rysm formation.18
Fifth, the inducible isoform of NOS and metabolically
uncoupled eNOS can generate free radicals that adversely
affect the structure and function of vessel walls.6,21 Last, in
several studies investigators have shown that the gene
encoding eNOS, which is located on chromosome 7q3536,20 is polymorphic in humans and that the presence of
certain eNOS polymorphisms may increase susceptibility
to conditions including atherosclerosis, hypertension,
myocardial infarction, coronary vasospasm, and formation of abdominal aortic aneurysms.7,8,16,19,20,32,33 Such
genetic variations, referred to as “functional polymorphisms” because of their association with clinical phenotypes,4,27 include the eNOS gene intron 4 27–base pair
VNTR variant (designated eNOS 27 VNTR variant);32,33
the eNOS gene promoter SNP (eNOS T-786C SNP);16,22
and the eNOS gene exon 7 SNP (eNOS G894T SNP).7,8
The polymorphisms we studied are depicted in Fig. 1.
New Genetic Evidence for Susceptibility to Aneurysm
Rupture
The eNOS Gene as a Marker for Rupture Susceptibility. We recently reported the clinical and genetic data ob-

tained in 51 patients with radiologically proven aneurysmal SAH and 90 volunteers selected randomly from a
community-based registry.15 In that study, by using multiple logistic regression analysis and adjusting for age,
sex, and smoking history, we found a significant difference in the distribution of genotypes for the eNOS 27
VNTR polymorphism in patients with SAH compared
with the volunteer (control) group (p = 0.002). Heterozygosity for this polymorphism was almost three times as
prevalent among patients with SAH as in controls (p =
0.002). The “4a” allele (that is, the putatively variant or
abnormal allele) was found in 51% of patients, compared
with 22% of controls; this difference was significant (p =
0.007). In comparisons of patients with SAH with controls, the odds ratio for harboring an aneurysm in those
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Fig. 1. Schematic representation in which the three eNOS gene polymorphisms investigated in this study are depicted,
along with their respective locations in the eNOS gene. The protein eNOS, encoded by this gene, is a constitutive enzyme
that catalyzes the conversion of L-arginine into L-citrulline, producing a rapidly diffusing signaling molecule, NO, as the
major byproduct. Some important biological functions of NO are listed. Putative abnormal (variant) alleles are designated by asterisks. AMI = acute myocardial infarction; C = cytosine; CAD = coronary artery disease; G = guanine; kbp =
kilobase pairs; T = thymine; TIS = transcription initiation sequence; 4a = four 27–base pair tandem repeats; 4b = five
27–base pair tandem repeats.

with at least one 4a allele was 3.95 (95% confidence interval 1.45–10.65; p = 0.007) after controlling for differences among patients with regard to age, smoking status,
and sex.
Our finding with regard to the eNOS 27 VNTR variant
and increased susceptibility to intracranial aneurysm rupture supports the work of Wang, et al.,32 and Kotani, et
al.,17 who found that the 4a allele of this polymorphism
was associated with increased susceptibility to cardiovascular disease; specifically coronary artery disease and aortic aneurysm rupture. Although the rarity of the 4a/4a
homozygote in participants in our study precluded statistical comparisons of this genotype between patients and
control volunteers, we found that heterozygosity (involving carriage of the putative abnormal 4a allele) occurred
almost three times as frequently in patients with SAH as
in controls. It is important to note that polymorphic NOS
dysfunction may result from the transcription and translation of a putatively abnormal allele in either the homozygous or heterozygous form.22 The precise molecular
effects of these polymorphisms have not been elucidatNeurosurg. Focus / Volume 17 / November, 2004

ed, although there is biochemical evidence for decreased
eNOS gene promoter activation associated with the T786C SNP variant and reduced eNOS protein expression
and enzymatic activity associated with both the eNOS 27
VNTR and T-786C SNP variants.22,30 It is certainly conceivable that such variants may contribute to aneurysm
pathobiology and cerebral vasospasm through increased
local oxidative stress leading to vessel wall damage, predilection toward development of atherogenic intimal hyperplasia, and systemic hypertension; the presence of
aberrant vascular smooth-muscle cell proliferation; and
increased platelet aggregation and proinflammatory
monocyte adhesion, all of which are associated with NO
signaling dysfunction.3,6,11,12,18,21
Multiple Variant eNOS Alleles Strongly Associated With
Aneurysm Rupture

The notion of rupture-prone and rupture-resistant subpopulations of brain aneurysms is further reinforced by
the novel genetic data reported in our most recent study
3

V. G. Khurana, I. Meissner, and F. B. Meyer
(VG Khurana, et al., 2004, manuscript in review). In that
study, despite the similarities in demographic and clinical
characteristics between our groups with ruptured (58
patients) and unruptured (49 patients) intracranial saccular aneurysms, the genetic differences between the two
groups were striking. We found that polymorphic variant
eNOS alleles (Fig. 1) and their corresponding genotypes
were between two and four times more frequent among
patients with SAH than in those with unruptured lesions,
and our haplotype analysis indicated that the presence of
two or three variant alleles was associated with an 8.6 to
11.4 increase in the odds of presenting with a ruptured
brain aneurysm (p  0.01; 95% confidence interval 1.7–
75.9). Taken together, our anatomical and genetic data
indicate that there are distinct differences between ruptured and unruptured aneurysms: the former tend to be
smaller, have a greater predilection for the anterior and
posterior communicating arteries, and have a tendency to
occur more commonly in persons with two or three variant eNOS polymorphic alleles.
Clinical Implications of These Data

Among the estimated 5 to 15% of aneurysm-harboring
individuals with a relatively strong family history of brain
aneurysms or with a heritable connective tissue disorder
(such as Ehlers–Danlos or Marfan syndromes, or autosomal-dominant polycystic kidney disease),29 noninvasive
radiological screening for brain aneurysms is accepted as
being worthwhile.1 Nevertheless, for the remaining majority of persons at this time classified as having sporadic unruptured brain aneurysms, there is currently no adequate
screening tool. To identify such individuals through population-wide serial radiological screening seems largely impractical, and no “aneurysm gene” has yet been identified.
Therefore, perhaps one of the most important aspects of
current management practices relates to how to counsel a
patient with a newly diagnosed brain aneurysm, that is,
regarding observation compared with treatment.
Findings in the ISUIA have indicated that certain aneurysms are more prone to rupture; however, for reasons
given earlier and elaborated in detail elsewhere,5,16 advice
based on the ISUIA data alone may not cover the gamut
of rupture-prone aneurysms. We therefore believe that the
findings in our recent genetic studies shed new and important light on the genetic basis of what are otherwise identified as sporadic brain aneurysms (found in 85–95% of all
aneurysm-harboring individuals). For example, a person
who receives a diagnosis, incidental or otherwise, of an
unruptured intracranial aneurysm (especially one located
in a higher-risk cerebrovascular territory) and in whom
two or three variant eNOS polymorphic alleles (Fig. 1) are
found with gene microarray technology (now becoming
more readily available), would be counseled toward earlier treatment rather than observation based on the data reported herein.
CONCLUSIONS
We believe that if our findings are reproducible in
the setting of a large multicenter study, then in addition
to known anatomical factors, a rapid and cost-effective
screening tool will become available to clinicians as a
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genetic aid for predicting rupture risks in patients presenting with unruptured intracranial aneurysms.
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