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ABSTRACT
Purpose of Review: Unruptured intracranial aneurysms are found commonly in
the general public, and more frequently in certain populations. This article focuses
on the epidemiology, screening strategies, and management options for patients
with unruptured aneurysms.
Recent Findings: Recent epidemiologic studies show the overall prevalence of
intracranial aneurysms to be approximately 3%, with higher rates seen in familial
aneurysm syndromes and in certain medical conditions, such as autosomal
dominant polycystic kidney syndrome. Aneurysm treatment may include surgical
or endovascular techniques, with increasing utilization of endovascular strategies
over time. Increased aneurysm diameter, certain locations, and other anatomical
considerations may be associated with higher risks of aneurysm rupture.
Summary: Given the high morbidity and mortality associated with aneurysm
rupture, screening for unruptured aneurysms is generally recommended for high-
risk patients (patients who have at least two first-degree relatives with aneurysms,
and patients with autosomal dominant polycystic kidney disease). Screening may be
considered for other patients (eg, one first-degree relative with aneurysm) after
discussion of the risks and benefits of imaging. Following identification of an
aneurysm, decisions regarding observation or treatment should be based on patient
characteristics, features of the aneurysm, and provider expertise.
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INTRODUCTION
Advances in the availability and reso-
lution of neuroimaging studies have
led to more frequent identification of
intracranial aneurysms. Rupture of
intracranial aneurysms can lead to
devastating consequences, namely
subarachnoid hemorrhage, but
unruptured intracranial aneurysms
can also be associated with significant
morbidity. Such morbidity can include
local compressive symptoms such as
headache or cranial nerve palsies,
strokes, and seizures, as well as pa-
tient and family anxiety regarding the
risk of rupture. This article reviews the

epidemiology of intracranial aneu-
rysms, recommendations for screen-
ing for aneurysms in the general
population and in select patient
populations, and management options
in patients found to have unruptured
intracranial aneurysms.

ANEURYSM TYPES AND
DEFINITIONS
Saccular (berry) aneurysms are the
most common type of intracranial
aneurysm, consisting of a focal
outpouching (ballooning) of the arte-
rial blood vessel wall. Although the
exact pathophysiologic mechanism is

Address correspondence to
Dr Adam Kelly, University of
Rochester, 601 Elmwood
Avenue, PO Box 673,
Rochester, NY 14642-0001,
Adam_kelly@urmc.rochester.edu.

Relationship Disclosure:
Dr Kelly reports no disclosure.

Unlabeled Use of
Products/Investigational
Use Disclosure:
Dr Kelly reports no disclosure.

* 2014, American Academy
of Neurology.

387Continuum (Minneap Minn) 2014;20(2):387–398 www.ContinuumJournal.com

Review Article

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Adam_kelly@urmc.rochester.edu


not clear, these are thought to be due
to a congenital weakness in the vessel
wall, which then slowly enlarges over
time in the setting of arterial pressure.
Saccular aneurysms are most frequently
seen at the branching points of blood
vessels, often larger intracranial vessels
in or around the circle of Willis.1 A list of
common saccular aneurysm locations
is listed in Table 8-1. Despite the
predilection for saccular aneurysms to
form on larger vessels near the skull
base, aneurysms can be found in more
distal locations in smaller caliber arter-
ies. For example, distal anterior cere-
bral artery aneurysms, also known as
pericallosal artery aneurysms, are
thought to represent 4% to 6% of
intracranial aneurysms.2

Although this article focuses on saccu-
lar aneurysms, other types of intracranial
aneurysms exist. Fusiform aneurysms are
seen in association with intracranial
atherosclerotic disease or dissections of
intracranial arteries and represent longi-
tudinal areas of vessel dilation, as op-
posed to the focal outpouching seen
with saccular aneurysms. Fusiform aneu-
rysmal segments are commonly seen in
conjunction with areas of atherosclerotic
narrowing, often seen in larger intracra-
nial arteries such as the basilar artery.3

While there are occasional episodes of
rupture of dolichoectatic fusiform aneu-
rysms, they are more likely to become
symptomatic through (1) local mass
effect on adjacent brain structures or

(2) thrombus formation, resulting in
either occlusion of small perforating
vessels or downstream embolization.
Mycotic aneurysms result from the
deposition of septic emboli in small
pial arteries. The underlying infectious
agent (often bacteria, in the setting of
bacterial endocarditis and bacteremia)
causes weakness and outpouching of
the blood vessel wall, potentially
resulting in subarachnoid or intra-
parenchymal hemorrhage.4

EPIDEMIOLOGY
Prevalence
Although some past autopsy-based stud-
ies quote higher aneurysm identification
rates, most population-based studies
quote unruptured intracranial aneurysm
prevalence rates of 2% to 3%.1,5,6 In a
recent meta-analysis encompassing al-
most 95,000 patients from 68 studies
and 21 countries, the prevalence was
estimated at 2.8%.6 Subject age, sex, and
comorbidity varied across studies; when
data were normalized for a population
aged 50 years and with equal numbers
of men and women, the prevalence was
estimated to be 3.2%.6

Risk Factors
Age, sex, and family history are all important
nonmodifiable risk factors for unruptured
intracranial aneurysms (Table 8-2).7

The prevalence of unruptured in-
tracranial aneurysms increases with
patient age, especially among women.

KEY POINT

h The prevalence of
aneurysms in the
general population is
estimated at
approximately 3%.

TABLE 8-1 Common Locations of Intracranial Saccular Aneurysms

b Origin of the anterior communicating artery (È30%)

b Origin of the posterior communicating artery (È25%)

b First bifurcation/branching of the middle cerebral artery (È20%)

b Terminal branching of the internal carotid artery (È7.5%)

b Terminal branching of the basilar artery (È7%)

b Origin of the posterior inferior cerebellar artery (È3%)
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Specifically regarding family history,
the presence of an aneurysm in one
first-degree relative (parent, sibling, or
child) increases the risk of aneurysm
from 2.3% to 4.0%, while presence in
two or more first-degree relatives in-
creases the risk to 8.0% percent.5 Data
suggest that not only is the likelihood
of developing aneurysms heritable,
but aneurysm location is concordant
among individuals in families with
aneurysms.8 This may have implica-
tions regarding the developmental
origin of aneurysms, their risk of
rupture, and treatment decisions (see
section on risk of rupture). The risk of
aneurysm rupture may also be in-
creased in familial aneurysm syn-
dromes compared with the overall
population’s risk of rupture. Data
from the Familial Intracranial Aneu-
rysm study suggest that the risk of
aneurysm rupture in patients with a
family history of aneurysm was 17
times higher than the risk of rupture
based on aneurysm size and location
that would be predicted from obser-
vational studies.9 The genetics of
intracranial aneurysm formation is
complex and an area of ongoing
research. A large review of more than
116,000 patients included in genetic
and genome-wide association studies
identified several polymorphisms as-
sociated with higher aneurysm inci-
dence; however, this study offered

limited insight on other information
of relevance for unruptured intracra-
nial aneurysm management (eg, size,
location).10

Certain connective tissue disorders
are associated with an increased risk of
aneurysms, such as Marfan syndrome
and Ehlers-Danlos syndrome type IV.1

A single study from the Mayo Clinic
found higher than expected rates of
unruptured intracranial aneurysms in
adults with coarctation of the aorta
(10% versus 2%), although the num-
ber of aneurysms was small (10 aneu-
rysms among 100 studied patients).11

Intracranial aneurysms can be seen in
association with fibromuscular dyspla-
sia,12,13 although it remains unclear
whether the pathophysiology is related
to arterial dissection (commonly seen
in fibromuscular dysplasia) or other
mechanisms causative of unruptured
intracranial aneurysm development in
other populations.

Although it is not a purely connec-
tive tissue disorder, autosomal domi-
nant polycystic kidney disease is
strongly associated with aneurysm
development. In a recent study from
China, patients with autosomal domi-
nant polycystic kidney disease were
found to have a 12.4% prevalence of
unruptured intracranial aneurysms,
significantly elevated over the general
population rate.14 The risk increased
with age (23.3% risk in patients aged

KEY POINTS

h A family history of
aneurysms is a strong
predictor of aneurysm
development, and
familial aneurysms may
have a higher risk of
rupture than aneurysms
of similar size and
location in nonfamilial
syndromes.

h Autosomal dominant
polycystic kidney
disease is a strong
predictor of the
presence of unruptured
intracranial aneurysms.

TABLE 8-2 Risk Factors for Intracranial Aneurysms

b Age

b Female sex

b Family history of aneurysm or subarachnoid hemorrhage

b Tobacco use

b Excessive alcohol consumption

b Autosomal dominant polycystic kidney disease

b Connective tissue disorders (Marfan syndrome, Ehlers-Danlos syndrome type IV)
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60 to 69 years) and was twice as high
in patients with a family history of
aneurysm.14 Risk of aneurysms is
possibly also increased among pa-
tients with the less common but
related condition of autosomal reces-
sive polycystic kidney disease.15

Tobacco use, excessive alcohol con-
sumption, and hypertension are im-
portant modifiable risk factors for
aneurysm growth. While a congenital
weakness may underlie the develop-
ment of an aneurysm, tobacco or
alcohol abuse and hypertension can
lead to further vascular injury/weakness
and increased aneurysm size, which are
factors associated with a higher risk of
aneurysm rupture.16

SIGNS AND SYMPTOMS OF
ANEURYSMS
Subarachnoid hemorrhage (SAH) sec-
ondary to aneurysm rupture is the most
feared complication of intracranial
aneurysms. Common signs and symp-
toms of SAH should be well known to
neurologists and can include sudden
severe headache, headache associated
with concerning symptoms (loss of
consciousness, meningeal symptoms),
or coma without other obvious cause.17

In contrast to the presentation of
SAH, most unruptured intracranial an-
eurysms are neurologically silent. Many
aneurysms will be identified when pa-
tients are imaged for an unrelated
neurologic indication, such as headache
(Case 8-1). Unless it has grown to a
significant size, an unruptured intracra-
nial aneurysm would be unlikely to
cause headache, and alternative expla-
nations should be considered. How-
ever, when an aneurysm is found, it is
important to inquire about possible
symptoms of prior aneurysmal rupture,
such as an especially severe headache,
headache associated with meningeal
symptoms, or headache associated
with loss of consciousness. The pres-

ence of these symptoms may suggest
that a presumed unruptured intracra-
nial aneurysm may instead be an
aneurysm that has previously ruptured,
and this may affect decision-making
regarding treatment.

Rarely, unruptured aneurysms can
be associated with focal neurologic
symptoms, often from compression of
adjacent structures such as cranial
nerves. Classic examples include oculo-
motor nerve palsies related to posterior
communicating artery aneurysms or
compression of the third, fourth, fifth,
or sixth cranial nerves from aneurysms
of the carotid artery within the cavern-
ous sinus. Giant aneurysms (measuring
more than 25 mm in diameter) can
result in mass effect on nearby brain
parenchyma and cause various symp-
toms depending on the specific location;
such mass effect can also result in partial
seizures. The turbulent, nonlaminar flow
within aneurysms can result in thrombus
formation; downstream embolization
and stroke may occur.

GUIDELINES FOR SCREENING
Which Patients to Assess for
an Unruptured Intracranial
Aneurysm
All patients with symptoms of a possi-
ble symptomatic unruptured aneurysm
described in the above section should
be candidates for cerebrovascular im-
aging to evaluate for aneurysm.

Regarding asymptomatic unruptured
intracranial aneurysms, the American
Heart Association and American Stroke
Association18 have established guide-
lines about specific patient populations
in which screening of asymptomatic
individuals should be considered. Pa-
tients with two first-degree relatives with
known intracranial aneurysms (ruptured
or unruptured) are recommended to
undergo screening imaging (Case 8-2).
Patients with a single first-degree
relative affected by aneurysms may

KEY POINT

h Most unruptured
intracranial aneurysms
are discovered when
asymptomatic, although
other presenting
symptoms include
compressive cranial
neuropathies, seizures,
or ischemic stroke.
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be candidates for screening imaging
based on a higher risk of unruptured
intracranial aneurysms in this setting;
however, the potential risks of aneu-

rysm detection (eg, anxiety, risks
of subsequent testing, difficulty
obtaining life insurance, occupational
concerns) need to be discussed

Case 8-1
A 52-year-old woman was seen in the office 1 week after going to an
emergency department for a syncopal episode. At the time of her
presentation, she denied headache, nausea, neck stiffness, and any other
neurologic symptoms. Her overall medical examination and neurologic
examination in the emergency department had been unremarkable except
for mild orthostasis, and subsequent cardiologic evaluation was unrevealing.
Additional history in the office disclosed that her loss of consciousness had
been very brief and occurred in the setting of recent dehydration, and her
current neurologic examination was normal. Intravascular depletion at the
time of the syncopal episode was suspected as the primary contributor to her
event. Review of her evaluation in the emergency department, however,
included a head CT that showed a possible enlargement in the area of the
basilar bifurcation (Figure 8-1A). CT angiography followed by catheter
angiography confirmed an 8 mm aneurysm at the bifurcation of the basilar
artery (CT angiogram image shown in Figure 8-1B). Following discussion of
the risks and benefits of treatment, she underwent coil embolization of the
aneurysm.After 5 years of follow-up, therewereno signs of aneurysm recurrence.

Comment. As is often the case, this aneurysm was discovered incidentally,
following a CT scan of the brain that was ordered for other purposes (syncope,
in this case). Given the patient’s relatively young age, the aneurysm size being
greater than 7 mm, and the posterior circulation location of the aneurysm, the
decision to treat via endovascular coiling (as opposed to open surgery or
observation) seems appropriate. She received adequate follow-up, both
clinically and radiographically, to ensure there had been no recurrence of the
aneurysm at the treated site or new aneurysms forming elsewhere.

FIGURE 8-1 Imaging studies taken of the patient in Case 8-1 at presentation to the
emergency department. A, Noncontrast CT of the brain showing
enlargement of the basilar artery near the bifurcation (arrow). B, CT
angiogram (coronal view) showing basilar apex aneurysm (arrow).
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with the patient along with the potential
benefits (earlier detection and possi-
ble treatment). Patients with auto-
somal dominant polycystic kidney
disease are also recommended to un-
dergo screening.5

When to Screen and Rescreen
Aneurysms are uncommon in patients
younger than 20 years,19 so screening is
typically not recommended for children
and adolescents except in unusual
circumstances. A screening imaging test
that fails to show an aneurysm does not
rule out the possibility of subsequent
aneurysm formation, especially since
the prevalence of aneurysms increases
with age. In high-risk subpopulations
(eg, patients who have two or more
first-degree relatives with aneurysms,
patients with autosomal dominant poly-
cystic kidney disease), it may be rea-
sonable to repeat noninvasive imaging

every 5 years, since studies show the
risk of aneurysm identification following
an initial negative study may be as high
as 7%.20

Which Imaging Modality to Use
Catheter angiography remains the gold
standard for aneurysm detection; al-
though its risks are low, they are not
inconsequential, and so typically nonin-
vasive imaging options are preferred for
initial screening. CT angiography and
magnetic resonance (MR) angiography
are both associated with high specificity
in the detection of unruptured intracra-
nial aneurysms. Sensitivity values range
across studies, but CT angiography
(sensitivity of 0.77 to 0.97) and MR
angiography (0.69 to 0.99) are both felt
to have acceptable diagnostic test char-
acteristics (see Table 8-3 for examples
of sensitivities from one systematic
review).1,21Y23 It is important to note

KEY POINTS

h Patients with two or
more first-degree
relatives with
unruptured intracranial
aneurysms or
subarachnoid
hemorrhage, or patients
with autosomal
dominant polycystic
kidney disease, are
candidates for intracranial
imaging to screen for
unruptured intracranial
aneurysms.

h Both CT angiography
and magnetic resonance
angiography are
reasonable options for
noninvasive screening
imaging for unruptured
intracranial aneurysms,
although catheter
angiography remains
the gold standard for
aneurysm identification.

Case 8-2
A 33-year-old man was seen in clinic to discuss screening for intracranial
aneurysms. He had no current neurologic symptoms and no active medical
problems. He had never been prone to headache, and his history was
completely unremarkable for any events suggestive of subarachnoid
hemorrhage (eg, severe or sudden unexplained headache, headache with
loss of consciousness, headache associated with meningeal symptoms). His
family history was notable for an unruptured intracranial aneurysm in his
sister, diagnosed at 40 years of age after she underwent an MRI of the
brain to evaluate her migraine headaches; this was subsequently treated
with surgical clipping. In addition, his father died suddenly of unknown
causes at 51 years of age; an autopsy was not performed. The patient’s
mother was alive and in good health, as were two other siblings (aged
34 and 37 years) and his one daughter (aged 4 years). To his knowledge,
his other first-degree relatives had not undergone intracranial imaging for
any reason.

Comment. This patient may be a reasonable candidate for noninvasive
imaging to screen for unruptured intracranial aneurysms. He has at
least one first-degree relative with an intracranial aneurysm (his sister). In
addition, his father’s sudden death may have been related to subarachnoid
hemorrhage secondary to aneurysm rupture. It would be important to
inquire about other possible causes of his father’s death (eg, cardiovascular
disease, substance abuse); if none are present, noninvasive cerebrovascular
imaging with either CT angiography or magnetic resonance angiography
should be considered for aneurysm screening purposes.
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that the sensitivity of both modalities
drops considerably in the investigation
of small aneurysms (less than 3 mm in
diameter),23 although aneurysms of
this size also have low rupture rates.
The selection of the appropriate test
should incorporate patient factors
(eg, renal disease) and institutional
factors (eg, availability) as well; if re-
peated screening is necessary, it may be
reasonable to consider MR angiography
because of concerns about repeated
radiation exposure associated with CT.

A recent cost-effectiveness analysis at-
tempted to address some of these po-
tential questions for patients with at least
two first-degree relatives with unruptured
intracranial aneurysms or SAH (ie, indi-
viduals who appeared to be good candi-
dates for screening imaging). This analysis
used MR angiography as the initial nonin-
vasive technique, followed by catheter
angiography if needed to identify false
positives and to better characterize the
aneurysm. After varying the age to begin
screening, the age to end screening, and
the interval between imaging studies, the
authors determined that the optimal cost-
effectiveness strategy was to begin screen-
ing at age 20 years and reimage every 7
years until reaching 80 years of age.24

MANAGEMENT OF THE
UNRUPTURED ANEURYSM
Risk of Rupture
While other possible symptoms of
unruptured intracranial aneurysms
were discussed in an earlier section,
the major goal of unruptured aneu-
rysm management is minimizing the
risk of rupture and subsequent SAH.
There is a strong association between
aneurysm size and risk of rupture,
shown in two large observational
studies. The International Study of
Unruptured Intracranial Aneurysms
(ISUIA)25 included a prospective ob-
servational cohort of 1692 patients in
whom aneurysm treatment (surgery
or endovascular treatment) was not
performed. Over 5 years, the risk of
aneurysm rupture among aneurysms
in the anterior circulation (internal
carotid, middle cerebral, and anterior
cerebral arteries) was 0% in aneurysms
less than 7 mm in diameter, 2.6% for
those 7 mm to 12 mm in diameter,
14.5% for those 13 mm to 24 mm in
diameter, and 40% for diameters
greater than 25 mm. Across all diam-
eter sizes, rupture risks were higher
for aneurysms in the posterior circu-
lation: 2.5% for less than 7 mm; 14.5%

KEY POINT

h The risk of aneurysm
rupture appears to
increase as aneurysm
size increases.

TABLE 8-3 Sensitivities of CT Angiography and MR Angiography for Aneurysm Detection
Based on Aneurysm Sizea,b

Imaging Study

Detection of
Aneurysms
e3 mm

Detection of All
Aneurysms
93 mm

Detection of
Aneurysms 93 mm
but G10 mmc

Detection of
Aneurysms
Q10 mmc

CT angiography 61 (67/110)

51, 70

96 (424/440)

94,98

93 (162/174)

88, 96

100 (90/90)

96, 100

MR angiography 38 (20/52)

25, 53

94 (239/254)

90, 97

92 (178/193)

88, 96

99 (81/82)

93, 100

CT = computed tomography; MR = magnetic resonance.
a Reprinted with permission from White PM, et al, Radiology.21 B 2000 Radiological Society of North America. pubs.rsna.org/doi/full/10.1148/
radiology.217.2.r00nv06361.

b All data are sensitivity values, expressed as percentages. The numbers in parentheses are numbers of aneurysms, and the numbers on
the second line are 95% confidence intervals. The data on CT angiography were extracted from 12 of 16 studies with 556 subjects.
The data on MR angiography were extracted from 12 of 20 studies with 407 subjects.

c From studies in which data on subdivisions of aneurysms Q3 mm could be extracted.
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for 7 mm to 12 mm; 18.4% for 13 mm
to 24 mm; and 50% for greater than
25 mm.25 Criticisms of the ISUIA data
include the fact that aneurysms of the
cavernous segment of the carotid
artery were included despite the fact
that their intradural location prevents
the formation of SAH, as well as con-
cerns regarding selection biases and
lower than expected rupture rates.26

A large cohort of Japanese patients27

with unruptured intracranial aneurysms
(6697 aneurysms in 5720 patients)
showed some similarities to the ISUIA
results but also some important differ-
ences. As in the ISUIA study, a clear
association was found between aneu-
rysm size and risk of rupture. Specifically,
using aneurysms of 3 mm to 4 mm in
diameter as a reference, the hazard ratio
for aneurysm rupture was 3.35 for those
7 mm to 9 mm in diameter, 9.09 for
those measuring 10 mm to 24 mm
in diameter, and 76.26 for aneurysms
25 mm or larger in diameter; no significant
increase in risk was seen for aneurysms

between 5 mm and 6 mm in diameter
(Figure 8-2).27 However, unlike ISUIA,
this study did not find an elevated risk of
rupture for aneurysms in the posterior
circulation compared with those of
similar size occurring in the anterior
circulation. The study did show that,
compared with unruptured intracranial
aneurysms involving the middle cerebral
artery, aneurysms involving the anterior
communicating or posterior communi-
cating arteries were more prone to
rupture (hazard ratios 2.02 and 1.90,
respectively). Finally, this cohort study
also showed an association between
rupture and the presence of a daughter
sac, an irregular protrusion from the
aneurysmal wall, as opposed to a smooth
wall (hazard ratio 1.63).27 Because this
study involved only patients from Japan,
the ability to generalize these results to
other populations is uncertain.

Despite these two large prospective
studies, it still remains difficult to predict
aneurysm rupture rates within individual
patients. In general, risks increase with

FIGURE 8-2 Probability of aneurysm rupture based on aneurysm size, as seen in a
large prospective cohort of Japanese patients.

Reprinted with permission from UCAS Japan Investigators, et al, N Engl J Med.
27

B 2012
Massachusetts Medical Society. pubs.rsna.org/doi/full/10.1148/radiology.217.2.r00nv06361.
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larger unruptured intracranial aneurysm
size, although rupture rates were not
zero for smaller aneurysms in the
Japanese cohort (0.36% annual risk for
aneurysms measuring 3 mm to 4 mm in
diameter).27 Aneurysms affecting the
middle cerebral artery may have the
lowest risk of rupture, and atypical wall
features are likely to increase risk.

In addition to the presence of a
daughter sac, other anatomical fea-
tures of aneurysms that possibly pre-
dict rupture are needed to guide
decisions regarding treatment. Recent
studies have looked at not only aneu-
rysm diameter but also the ratio of the
aneurysm size to the size of the parent
vessel.28,29 This size ratio was found to
be especially predictive of aneurysm
rupture in smaller aneurysms, which
are common and have a low but not
0% rate of rupture.29

Medical Management
No high-quality randomized clinical trials
have been done to guide the medical
management of patients with un-
ruptured intracranial aneurysms. Given
the associations between (1) hyperten-
sion and unruptured intracranial aneu-
rysm growth and (2) larger unruptured
intracranial aneurysm size and aneurysm
rupture, treatment of hypertension is
generally recommended. National
guidelines from the Seventh Report of
the Joint National Committee on the
Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure
should be followed.30 Similarly, use of
tobacco or illicit drugs and excessive
alcohol consumption can lead to vascu-
lar injury and weaken blood vessel walls.
As part of good practice, patients with un-
ruptured intracranial aneurysms should
be counseled to avoid these habits.

If a conservative strategy is chosen,
follow-up noninvasive imaging should
be performed on a periodic basis to
ensure that the aneurysm is not rapidly

enlarging, concerning features such as
daughter sacs are not developing, and
other aneurysms are not identified.
Again, highly regarded studies to guide
imaging in this setting are lacking, but a
reasonable strategy may include noninva-
sive imaging 6 to 12 months after initial
discovery of an unruptured intracranial
aneurysm, repeated annually until the
treatment team is confident that the
aneurysm has not changed significantly.31

Surgical/Endovascular
Management
Full discussion of the surgical and
endovascular options for unruptured
intracranial aneurysm management go
beyond the scope of this article, but
basic premises are reviewed here.
Historically, craniotomy followed by
surgical clipping was the preferred
option, but endovascular aneurysm
treatment is now more common than
surgeryVfrom 2001 through 2008, the
proportion of unruptured intracranial
aneurysms treated by endovascular
techniques increased from 20% to
63%.32 Figure 8-3 shows an example
of an aneurysm treated by endo-
vascular coiling. Both options have
their relative benefits and drawbacks,
and certain aneurysms may be best
addressed by one strategy over the other.
For example, aneurysms of the middle
cerebral artery bifurcation are more read-
ily accessible via craniotomy and may be
more amenable to surgery compared
with aneurysms in deeper locations (such
as the basilar artery apex). The diameter
of the aneurysm neckmay also play a role
in treatment options, with wider-necked
aneurysms thought to be better treated
via surgical clipping; however, the devel-
opment of newer endovascular tech-
niques such as stent-assisted coiling now
offer additional alternatives for wide-
necked aneurysms.

To further complicate decision mak-
ing, data regarding neurologic and other

KEY POINTS

h Data on the risk of
aneurysm rupture based
on location are
inconsistent across
studies.

h Certain anatomic
features, such as the
presence of a daughter
sac, may increase the
risk of aneurysm
rupture.
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functional outcomes after unruptured
intracranial aneurysm treatment are of
limited quality because no randomized
controlled trials have compared surgical
and endovascular techniques for
unruptured intracranial aneurysms. Ret-
rospective or nonrandomized data are
available from the ISUIA study, analyses
of the Nationwide Inpatient Sample
(a large database of hospitalizations at
institutions throughout the United
States),33 and other sources. In the
ISUIA study, mortality rates at 1 year
were 2.3% in the surgical group and
3.1% in the endovascular group; signif-
icant morbidity rates at 1 year were
9.8% among surgical patients and 6.4%
among patients treated by endovascular
means.25 Treatment assignment was
not randomized, and it is difficult to
make strong conclusions on these
values given this fact, as well as some
differences in baseline characteristics
between groups. Specifically, patients
in the endovascular arm were older,
had larger aneurysm sizes, and were
more likely to have basilar artery aneu-
rysms; tobacco use and a family history
of aneurysms were seen more com-
monly in surgically treated patients.

A retrospective analysis of the Na-
tionwide Inpatient Sample found

higher inpatient mortality among pa-
tients treated with surgery compared
with those treated with endovascular
techniques (1.2% versus 0.6%, respec-
tively).32 The rate at which patients
were admitted to a long-term nursing
facility following hospitalization was
also considerably higher for surgically
treated patients than for those treated
by endovascular means (14.0% versus
4.9%, respectively).32 Detailed infor-
mation regarding patient-level and
aneurysm-specific characteristics was
not included in this study.

Although not 100% effective, surgical
clipping may lead to a more definitive
eradication of the aneurysm, assuming
clip placement is appropriate, while
aneurysm coils may become compacted
over time and result in flow within the
aneurysm neck again. Although the In-
ternational Subarachnoid Aneurysm Trial
(ISAT) was a study of outcomes following
ruptured as opposed to unruptured
aneurysms, late rebleeding events in this
study were seen more commonly in
patients treated by endovascular coiling
than in those treated with clipping.34

The costs of either endovascular or
surgical treatment of unruptured in-
tracranial aneurysms are considerable:
an analysis of Medicare patients from

KEY POINT

h If indicated,
interventional options
for unruptured
intracranial aneurysm
management include
endovascular and
surgical approaches;
large randomized trial
data to support one
strategy over the other
are lacking.

FIGURE 8-3 Catheter angiogram images showing a 6 mm aneurysm arising from the
origin of the left superior cerebellar artery, prior to treatment (A, arrow)
and following an endovascular coiling procedure (B).
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2001 to 2008 showed that without
complications, endovascular treat-
ment was associated with approxi-
mately $26,000 in costs, versus
approximately $23,500 for surgical
treatment (in 2008 US dollars).35

However, given the significant mor-
bidity and mortality associated with
aneurysmal rupture, an analysis found
treatment to be cost-effective for an-
eurysms with estimated annual rup-
ture rates as low as 0.3%.36

CONCLUSION
Unruptured aneurysms are fairly prev-
alent and commonly identified
through noninvasive brain imaging
studies. Certain populations, especially
patients who have multiple family
members with aneurysms and patients
with polycystic kidney disease, are at
especially high risk of unruptured
intracranial aneurysms and should be
screened with either CT angiography
or MR angiography. Once an aneu-
rysm is identified, management op-
tions include observation or surgical/
endovascular treatment; if surgical or
endovascular options are being con-
templated, referral to a comprehen-
sive cerebrovascular center with
expertise in these treatment options
should be considered.
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