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Abstract

Objectives: To systematically review the literature on the neuropsychological, psy-

chosocial, and functional profiles of patients with unruptured intracranial aneu-

rysms. Methods: This review was limited to peer-reviewed research articles that

reported cognitive, psychosocial, and/or functional profiles of patients with

unruptured intracranial aneurysms. Studies were identified through Medline and

PsychINFO by searching “(unruptured [intracranial OR cerebral] aneurysm) AND

(cogniti* OR neuropsycholog* OR anxiety OR depression OR [quality of life] OR

work OR employment OR [activities of daily living] OR [instrumental activities of

daily living]).” Only articles that were published since January 1997 were consid-

ered. Reference lists of included articles were inspected for additional studies. Only

articles in English were included. Case studies were excluded. Twenty-two articles

were included in this review. Results: The literature demonstrates that although

treatment for unruptured intracranial aneurysms allays anxiety, it also results in an

observable, though transient decline in cognition and daily functioning. Even

before treatment, preliminary evidence hints that these patients are not free of such

impairments. Conclusions: The algorithm that underlies the decision to treat an

unruptured intracranial aneurysm ought to add more weight to the neuropsycho-

logical, psychosocial, and functional profiles of these patients. The clinical rele-

vance of these patients does not begin and end with their risk of rupture.

Introduction

A saccular intracranial aneurysm is a focal out-pouching

of a cerebral artery that is at risk of rupture. The preva-

lence of unruptured intracranial aneurysms (UIAs) is

about 3.2%.1 Most are asymptomatic, being discovered

incidentally or detected by familial screening. The 5-year

cumulative rupture rate of UIAs ranges from 2.5% to

50%, depending on the size and location of the UIA.2,3

Although the risk of rupture is small, the consequences

thereof are dire. Rupture results in an anuerysmal sub-

arachnoid hemorrhage (aSAH), a medical emergency

whose resultant mortality and morbidity are substantial.4

aSAH is responsible for 27.3% of all stroke-related years

of potential life lost before the age of 65.5

As prophylaxis, patients with UIAs may undergo treat-

ment, whether it be surgical clipping or endovascular

coiling. Although mortality is a rare outcome of these

procedures, neither of them is without risks of morbid-

ity.6 The risks of mortality and neurological disability

have been estimated to be around 2.6% and 10.9%,

respectively.7 Therefore, the decision to undergo or to

forego treatment is not an easy one to make.8,9 It is espe-

cially difficult considering that UIAs are observed most

frequently in middle-aged individuals who have many

years of family, social, and work life ahead of them. It is

in this context that a physician must establish which of

these two risks, that of rupture or that of treatment, is

greater. Only when equipped with this knowledge can a

patient make a truly informed decision.

220 ª 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.



The algorithm that underlies the decision to treat an

UIA ought to also include information about the cogni-

tive, psychosocial, and functional outcomes of treatment.

These outcomes have already been reviewed by Towgood

et al.6 Since this review, 18 studies have contributed to

this literature. The objective of this article is twofold: first,

it will discuss the cognitive, psychosocial, and functional

profiles of UIA patients before treatment; second, it seeks

to provide an updated review of the studies that have

investigated the cognitive, psychosocial, and functional

outcomes of UIA treatment.

Methods

This review was limited to peer-reviewed research articles

that reported cognitive, psychosocial, and/or functional

profiles of UIA patients. Studies were identified through

Medline and PsychINFO by searching “(unruptured

[intracranial OR cerebral] aneurysm) AND (cogniti* OR

neuropsycholog* OR anxiety OR depression OR [quality

of life] OR work OR employment OR [activities of daily

living] OR [instrumental activities of daily living]).” Only

articles that were published since January 1997 were con-

sidered. Reference lists of included articles were inspected

for additional studies. Only articles in English were

included. Case studies were excluded. Twenty-two articles

were included in this review.

Results

Neuropsychological, psychosocial, and
functional profiles of UIA patients before
treatment

Neuropsychological profile

Although the cognitive functioning of UIA patients has

been tested before treatment, it has been done so only in

the context of how it changes after treatment. What has

not yet been investigated is whether these changes are

from normal or already impaired cognitive functioning.

Indeed, there is a dearth of discussion on the pretreat-

ment cognitive status of UIA patients. Three studies have

made it possible to retrospectively detect the presence of

neuropsychological impairment in their patient sam-

ples10–12; all of them provide evidence that UIA patients

are not free of impairment before treatment. Fukunaga

et al.10 observed that 7 of 30 patients scored less than 27

on the Mini-Mental State Examination (MMSE), with

one patient scoring as low as 22. Haug et al.11 observed

impairments in executive function, intellectual function-

ing, and visual memory in 15 UIA patients. Less convinc-

ing evidence is provided by Towgood et al.,12 who

observed that 1 of 23 patients scored less than or equal to

27 on the Telephone Interview for Cognitive Status

(TICS).

Notwithstanding the preliminary evidence of cognitive

impairment in untreated UIA patients, one issue has not

yet been addressed: why do UIA patients have this

impairment before treatment? The answer to this question

may be gleaned from studies of patients with vascular

cognitive impairment (VCI).

The pathophysiology that underlies cognitive impair-

ment in VCI patients may be the same as that which under-

lies cognitive impairment in UIA patients. The risk factors

for developing VCI are the same as those for developing an

UIA; namely, smoking and hypertension have been demon-

strated to increase one’s risk of developing an intracranial

aneurysm.13,14 This is substantiated by the International

Study of Unruptured Intracranial Aneurysms (ISUIA), in

which 44.0% of 4060 patients were current smokers, 33.6%

had a history of smoking, and 41.1% had hypertension.3

Although VCI is largely a phenomenon of the aged, UIAs

are most frequently observed in middle-aged individuals.

This does not, however, preclude the possibility that vascu-

lar risk factors have already precipitated white matter

abnormalities in UIA patients. It is established that the

early and chronic presence of vascular risk factors is associ-

ated with white matter abnormalities later in life;15 some

studies have demonstrated that these abnormalities are

noticeable as early as 30.16 Bearing this in mind, it is not

unreasonable to draw similarities between the underpin-

nings of cognitive impairment in VCI patients and those in

UIA patients. That is, the cognitive impairment in UIA
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Figure 1. Comparison of cognitive functioning over time between

UIA patients and the general population. (A) The long-term presence

of vascular risk factors results in pathological changes in cerebral

vasculature, which in turn results in damage to white matter and this

results in a decline in cognitive functioning. (B) UIA treatment results

in a transient decline in cognitive functioning. Although cognitive

functioning returns to pretreatment levels, it remains below that of

the general population.
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patients may be underlain by focal white matter damage,

the consequence of small, pathological changes to cerebral

vasculature; in turn, these changes are a product of the

long-term presence of vascular risk factors. Therefore, it is

hypothesized that the cognitive functioning of UIA patients

is subject to both the long-term presence of vascular risk

factors and the treatment of their aneurysms (see “Neuro-

psychological, psychosocial, and functional profiles of UIA

patients after treatment”). Although the effect of vascular

risk factors on white matter is permanent, resulting in a

persistent though subtle impairment in cognition, that of

treatment is transient, resulting in a temporary though sig-

nificant decline in cognition (Fig. 1).

Cognitive impairment in patients with untreated UIAs

may find its roots in their anxiety (see Psychosocial pro-

file). This hypothesis finds evidence from studies that

have demonstrated poor cognitive functioning, especially

in the domains of memory and executive function, in

patients with anxiety disorders.17 One explanation for this

finding is that anxiety depletes cognitive resources.18

Evidence for this hypothesis can be gleaned from a

study that demonstrates both elevated anxiety, as mea-

sured by the General Health Questionnaire-30, and

impaired cognition, as measured by a neuropsychological

battery, in patients with untreated UIAs.11 To the extent

that anxiety impairs cognition in patients with untreated

UIAs, then the treatment of their aneurysms ought to

allay anxiety and simultaneously improve cognition. The

effect of relieving anxiety on cognition is difficult to dis-

cern considering that posttreatment cognition may also

be informed by a myriad of factors, not the least of which

is the treatment itself. Two studies have investigated both

anxiety and cognition both before and after UIA treat-

ment.11,19 In the first study, investigators observed a sig-

nificant decrease in state anxiety, as measured by the

State-Trait Anxiety Scale, 1 month after surgical clipping.

Although this was accompanied by a significant increase

in performance IQ, as measured by the WASI-R, it was

also accompanied by a significant decrease in delayed

visual memory, as measured by the Rey Osterreith Com-

plex Figure Test (ROCFT).19 In the second study, anxiety,

as measured by the General Health Questionnaire-30, was

lower at both 3 and 12 months after surgical clipping.

Although this corresponded to an improvement in perfor-

mance on the Verbal and Design Fluency Tests, it also

corresponded to a decline in performance on the Color-

Word Interference test (CWIT).11 Therefore, the effect of

allaying anxiety on cognition remains an equivocal one.

Psychosocial profile

Harboring an intracranial aneurysm does not necessarily

bear adverse health consequences. However, being made

aware that one harbors an intracranial aneurysm could

conceivably result in conditions of clinical relevance. It is

not difficult to imagine how this awareness could make a

patient feel as though he/she is a “ticking time bomb.”

This feeling is compounded by the patient’s middle age;

having many more years of life to live, work, and spend

with family and friends, he/she has much to lose from the

rupture of his/her aneurysm. The presence of psychiatric

abnormalities has been substantiated by several studies.

One study found that as a group, untreated UIA patients

did not have higher levels of anxiety or depression than a

reference population; however, there were several cases of

patients with probable anxiety and depression.20 These

findings receive support from those of van der Schaaf

et al.21; however, this study not only included nine

patients with untreated UIAs but also 12 with arteriove-

nous malformations. The presence of anxiety before treat-

ment is also evidenced by studies that observed a decrease

in anxiety after treatment, after the risk of rupture was

eliminated.19,22,23

Functional profile

The quality of life of these patients could be compro-

mised by the knowledge that they harbor an intracra-

nial aneurysm. This hypothesis has also received

support from several studies: compared to reference

populations, patients with untreated UIAs demonstrated

a lower quality of life in the context of both physical

and mental health.11,20,23–25 Haug et al.11 reported the

employment statuses of UIA patients before treatment:

though seven of 15 patients were working full-time,

four were receiving disability benefits, and one had

retired despite the sample’s relatively young age range

(42–63 years). The remaining patients were working

part-time (2) or were undergoing training or rehabilita-

tion (1). The reasons underlying each patient’s work

status were not reported. However, these results provide

evidence that even before treatment, some UIA patients

have functional impairment. In summary, though rup-

ture is the greatest health risk to UIA patients, it is

not the only risk to them; a considerable number of

these patients have anxiety, depression, a poor quality

of life, and perhaps cognitive and occupational impair-

ment even before treatment.

Neuropsychological, psychosocial, and
functional profiles of UIA patients after
treatment

The findings of the studies of cognitive outcome are pre-

sented in Table 1 and those of the studies of psychosocial

and functional outcomes are presented in Table 2.
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Table 1. Neuropsychological outcome of UIA treatment.

Study Sample size Tests Follow-up period Findings

The International Study of

Unruptured Intracranial

Aneurysms Investigators26

1172

996 clipped

176 coiled

General cognitive ability:

MMSE, TICS

1 month, 1 year 1 month

No aSAH history: 5.5% have

CI, 6.1% have CI and neurological

disability

SAH history: 9.6% have CI, 1.0%

have CI and neurological disability

1 year

No aSAH history: 5.4% have CI,

3.3% have CI and neurological

disability

SAH history: 9.1% have CI, 1.5%

have CI and neurological disability

Fukunaga et al.10 30 clipped General cognitive ability: MMSE

Executive function: kana-hiroi

test, maze test

1 month, 3 months 1 month

General cognitive ability: ↓

Executive function: ↓

3 months

General cognitive ability: =

Executive function: =

Hillis et al.29 20 clipped Working memory: digits

forward (WAIS-R),

digits backward (WAIS-R),

symbol digit (WAIS-R)

Visuospatial ability: block design

Language: BNT

Visual memory: Warrington

recognition

memory test, ROCFT

Verbal memory: RAVLT

Executive function: Stroop test

Verbal fluency: COWAT

Psychomotor ability: GPBT

General memory: WMS-R

3 months Working memory: =

Visuospatial ability: =

Language: =

Visual memory: =

Verbal memory: ↓

Executive function: ↓

Verbal fluency: ↓

Psychomotor ability: =

General memory: =

Ohue et al.27 43 clipped General cognitive ability: MMSE

Executive function: kana-hiroi test

Visuospatial ability: Kohs block

design test

Verbal memory: Miyake’s

memory test

1 month, 6 months 1 month

General cognitive ability: 0%

have impairment

Executive function: 19% have

impairment

Visuospatial ability: 6% have

impairment

Verbal memory: 31% have

impairment

6 months

General cognitive ability: not

tested

Executive function: 100%

returned to baseline

Visuospatial ability: 100%

returned to baseline

Verbal memory: 60% returned

to baseline

Tuffiash et al.30 25 clipped General memory: WMS-R

Visual memory: ROCFT

Executive function: TMT

Psychomotor ability: GPBT

Verbal fluency: COWAT

1 week, 3–6 months 1 week:

General memory: 12%

have impairment

Visual memory: 12%

have impairment

(Continued)
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Table 1. Continued.

Study Sample size Tests Follow-up period Findings

Executive function: 0% have

impairment

Psychomotor ability: 8% have

impairment

Verbal fluency: 0% have

impairment

3–6 months: all patients returned

to baseline, except one, whose

impairments were not specified

Wiebers et al.3 2368 patients

1917 clipped

451 coiled

General cognitive ability:

MMSE, TICS

1 month, 1 year 1 month

Clipping: 4.64% have CI, 4.23%

have CI and neurological disability

Coiling: 3.33% have CI, 1.77%

have CI and neurological disability

1 year

Clipping: 5.74% have CI, 2.76%

have CI and neurological disability

Coiling: 3.55% have CI, 2.00%

have CI and neurological disability

Otawara et al.35 44 patients

All clipped

General intelligence: WAIS-R

General memory: WMS-R

Visual memory: ROCFT

1 month General intelligence: ↑

General memory: =

Visual memory: ↑

Towgood et al.31 26

19 clipped

7 coiled

Language: BNT

General intelligence: WAIS-III

General memory: WMS-III

Visual memory: ROCFT

Executive function: TMT

Verbal fluency: COWAT

6 months Language: ↑

General intelligence: ↑

General memory: ↑

Visual memory: =

Executive function: =

Verbal fluency: =

Towgood et al.12 49

23 untreated

19 clipped

7 coiled

General cognitive ability: TICS 6 months General cognitive ability: ↑

Haug et al.11 15

All clipped

Verbal memory: CVLT-II

Visual memory: ROCFT

Psychomotor ability: GPBT

Working memory: digit span

(WAIS-III),

digit symbol (WAIS-III)

Executive function: color-word

interference test (DKEFS), TMT

(DKEFS)

General intelligence: WASI-R

Verbal fluency: verbal fluency test

(DKEFS)

Visuospatial ability: design fluency

test (DKEFS)

3 months, 12 months 3 months:

Verbal memory: impairment

Visual memory: impairment

Psychomotor ability: impairment

Working memory: no impairment

Executive function: no impairment

General intelligence: impairment

Verbal fluency: no impairment

Visuospatial ability: no impairment

12 months:

Verbal memory: no impairment

Visual memory: no impairment

Psychomotor ability: impairment

Working memory: no impairment

Executive function: no impairment

General intelligence: impairment

Verbal fluency: no impairment

Visuospatial ability: no impairment

Otawara et al.38 39

All clipped

General intelligence: WAIS-R

General memory: WMS-R

Visual memory: ROCFT

1 month

(Continued)
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Neuropsychological outcome

The International Study of Unruptured Intracranial Aneu-

rysms3,26 was the first to define morbidity after UIA treat-

ment not only as neurological disability (Rankin score

≥3), but also as neuropsychological impairment (MMSE

score <24 or TICS score <27). The total rates of morbid-

ity were 12.5% 1 month posttreatment and 11.7% 1 year

posttreatment. Notably, regardless of the time of assess-

ment, type of treatment, and history of aSAH, the rate of

neuropsychological impairment was higher than that of

neurological disability. This suggests that a considerable

proportion of morbidity after UIA treatment is accounted

for by neuropsychological impairment. Therefore, a

strictly neurological definition of morbidity could sub-

stantially underestimate morbidity after UIA treatment.

Since the ISUIA, several studies have investigated whether

or not UIA treatment impairs neuropsychological func-

tioning.

Executive function

Eight studies have examined executive function and its

subdomains: inhibitory control, verbal fluency, and cogni-

tive flexibility.10,11,27–32 The studies by Fukunaga et al.,10

Ohue et al.,27 and Seule et al.28 are difficult to compare

to the others, since they failed to explicitly define impair-

ment in executive function, to assess executive function

both before and after treatment, and/or to do so using

validated tests. Consequently, the following discussion

focuses only on the remaining five studies.

Inhibitory control
Inhibitory control was tested by means of the Stroop test

or the CWIT of the Delis-Kaplan Executive Function Sys-

tem (DKEFS). Hillis et al.29 observed a significant

increase in the time to complete the Stroop interference

trial 3 months after surgery, a finding that is suggestive of

poor outcome. Similarly, Haug et al.11 observed an

increase in the time to complete the CWIT inhibition

trial 3 months after surgery; however, 12 months after

surgery, the time to complete the inhibition trial

decreased below that before surgery. Time to complete

the inhibition/switching trial, designed to be more diffi-

cult than the inhibition trial, increased both 3 and

12 months after surgery. In a comparison with normative

data, Hillis et al. still observed impaired performance;

despite the less conservative definition of Haug et al.,

impaired performance was not detected. This makes it

difficult to arrive at a conclusion about the status of

inhibitory control after UIA treatment.

Table 1. Continued.

Study Sample size Tests Follow-up period Findings

Kubo et al.19 28

All clipped

General intelligence: WAIS-R

General memory: WMS-R

Visual memory: ROCFT

1 month General intelligence: ↑

General memory: =

Visual memory: ↑

Pereira-Filho et al.39 40

All clipped

General cognitive ability: MMSE 1 month General cognitive ability: =

Preiss et al.32 65

33 clipped

32 coiled

Verbal memory: auditory verbal

learning test

Executive function: TMT

1 year Verbal memory: =

Executive function: =

Seule et al.28 42

All clipped

Memory: RAVLT, RVDLT,

non-verbal learning

test, logical memory (WMS),

digit span (WAIS),

block-tapping test

Attention: test of attentional

performance, test

of deux barrages

Executive function: word

fluency (COWAT),

word design (five-point test),

Stroop test, tower of London test

Visual perception and

construction: ROCFT,

poppelreuter-ghent’s overlapping

figures test, spatial test

Mean 55 days Memory: two have mild impairment,

three have moderate impairment,

none have severe impairment

Attention: two have mild

impairment, two have moderate

impairment, none have severe

impairment

Executive function: four have mild

impairment, one has moderate

impairment, none have severe

impairment

Visual perception and construction:

two have mild impairment, none

have moderate impairment, none

have severe impairment
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Table 2. Psychosocial and functional outcomes of UIA treatment.

Study Sample size Tests Follow-up period Findings

Raaymakers et al.37 18

All clipped

Quality of life:

SIP, SF-36

3 months,

12 months

3 months

Quality of life: ↓ (SIP: household management, mobility,

social interaction, ambulation, alertness/behavior, work,

recreation pastimes, eating, physical subset, psychosocial

subset, total; SF-36: physical functioning, social functioning,

physical role limit, vitality, pain)

12 months

Quality of life: = (exception: SF-36: physical role limit,

vitality, pain)

Brilstra et al.25 49

32 clipped

17 coiled

Quality of life: SF-36,

EuroQol

Mood: HADS

3 months,

12 months

Clipped:

3 months

Quality of life: SF-36: ↓ (social functioning, general mental

health, vitality, bodily pain); EuroQol: =

Mood: ↑ depression

12 months

Quality of life: SF-36: ↑ (exception: role limitations because

of emotional problems, bodily pain); EuroQol: =

Mood: =

Coiled:

3 months

Quality of life: SF-36: ↑ (role limitations because of physical

health problems); EuroQol: =

Mood: =

12 months

Quality of life: =

Mood: =

Otawara et al.22 37

All clipped

Anxiety: STAI 1 month Anxiety: trait anxiety: =; state anxiety = ↓

Towgood et al.12 49

23 untreated

26 treated

19 clipped

7 coiled

Quality of life:

SF-36, SRRS

Depression: BDI

Anxiety: STAI

6 months Quality of life: SF-36: ↓ (health perception); SRRS: =

Depression: =

Anxiety: =

Solheim et al.36 63

37 clipped

26 coiled

Quality of life: SF-36

Mood: HADS

Employment status

5.5 years Clipped:

Quality of life: ↓ (role physical, role emotional)

Mood: 11 probable anxiety, 11 probable depression

Employment status: working = 12; sick leave = 6; disability

insurance = 12; retired = 7

Coiled:

Quality of life: ↓ (role physical, role emotional)

Mood: 8 probable anxiety, 4 probable depression

Employment status: working = 11; sick leave = 1; disability

insurance = 8; retired = 6

Yamashiro et al.23 67

All clipped

Quality of life: SF-36

Mood: HADS

3 months, 1 year,

3 years

3 months:

Quality of life: ↑ mental health; ↓ bodily pain

Mood: ↓ anxiety, depression

1 year:

Quality of life: ↑ physical functioning, social functioning,

physical limitations, emotional limitations, mental health,

vitality

Mood: ↓ anxiety, depression

3 years:

Quality of life: similar to reference population

Mood: ↓ anxiety, depression

(Continued)
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Verbal fluency

The Controlled Oral Word Association Test (COWAT) or

the Verbal Fluency test of the DKEFS was used to test ver-

bal fluency. It is thought that the letter fluency trial,

wherein a participant must list as many words as possible

that start with a specific letter (e.g., F) in 1 min, is a more

suitable assessment of executive function than the category

fluency trial, wherein a participant must list as many

words as possible that belong to a specific category (e.g.,

animals) in 1 min. Although Hillis et al.29 and Haug

et al.11 reported performances on the letter fluency trial, it

is not certain whether those reported by Tuffiash et al.30

and Towgood et al.31 are on the letter fluency trial, cate-

gory fluency trial, or a combination of both trials.

Although Hillis et al. observed impaired verbal fluency

3 months after surgery, Haug et al., Tuffiash et al., and

Towgood et al. did not do so in a range of 1 week to

1 year after treatment. What differentiates the former

study from the latter study is the distribution of aneurysm

location in each sample of patients: whereas 39% of aneu-

rysms in the former study stem from the anterior cerebral,

anterior communicating, or pericallosal artery, only 0%,

6%, and 15% of aneurysms in the latter studies stem from

these arteries, respectively. Studies suggest that the integ-

rity of the areas supplied by these arteries is critical for

intact verbal fluency.33,34 The aneurysm locations reported

by Hillis et al. are pooled from 20 unruptured and 27 rup-

tured patients; since aneurysms in the posterior circulation

are more likely to rupture than those in the anterior circu-

lation, it is likely that the ruptured patients did not con-

tribute much to the number of anterior circulation

aneurysms. The impaired verbal fluency was observed by

Hillis et al. regardless of whether performance before treat-

ment was compared to that after treatment, the approach

used by Tuffiash et al. and Towgood et al., or postoperative

means were compared to published means of healthy con-

trols, the approach used by Haug et al. Therefore, it appears

as though verbal fluency remains intact after UIA treatment,

though this may depend on the location of the UIA.

Cognitive flexibility

A patient’s capacity for cognitive flexibility was gauged

by the Trail Making test. It is thought that performance

on the B version, wherein a participant must draw lines

between both letters and numbers in sequence (i.e., from

1 to A, from A to 2, from 2 to B, etc.) is a better proxy

of executive function than the A version, wherein a par-

ticipant must draw lines between only letters or numbers

in sequence (i.e., from A to B, from B to C, etc.).

Although Haug et al.,11 Towgood et al.,31 and Preiss

et al.32 reported performances on the B version of this

test, it is not certain whether that reported by Tuffiash

et al.30 is on the A version, B version, or a combination

of both versions. None of these studies observed

impaired cognitive flexibility in a range of 1 week to

1 year after treatment, whether performance before treat-

ment was compared to that after treatment,30–32 or post-

operative means were compared to published means of

Table 2. Continued.

Study Sample size Tests Follow-up period Findings

Yamashiro et al.24 149

All clipped

Quality of life: SF-36

Mood: HADS

2.8 years Quality of life: low physical functioning, general health

perception, physical role limits, emotional role limits

Mood: low anxiety, depression

Haug et al.11 15

All clipped

Quality of life:

GHQ-30, SF-36

Employment status

3 months,

12 months

3 months

Quality of life: GHQ-30: ↓ (coping); SF-36: ↓

(social functioning, role physical)

Employment status: full-time = 3, part-time = 1, disability

benefits = 4, retired = 1, temporary sick leave = 5,

rehabilitation = 1

12 months

Quality of life: GHQ-30: ↓ (well-being); SF-36: ↓ (role physical,

general health, bodily pain)

Employment status: full-time = 8, part-time = 1, disability

benefits = 4, retired = 1, work training/rehabilitation = 1

Kubo et al.19 28

All clipped

Anxiety: STAI 1 month Anxiety: trait anxiety: =; state anxiety = ↓

Buijs et al.20 173

81 untreated

92 treated

73 clipped

57 coiled

Quality of life: SF-36,

EuroQol

Mood: HADS

4.7 years Quality of life: =

Mood: =

ª 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 227

M. J. Bonares et al. Behavioral Profile of UIAs



healthy controls.11 This provides evidence that cognitive

flexibility remains intact after UIA treatment.

Memory

Nine studies have evaluated memory, whether it be ver-

bal, visual, or working memory.11,19,27–32,35 The findings

of Seule et al.28 have been excluded from the following

discussion because they are not domain-specific.

Verbal memory

Comparisons of the studies that assessed verbal memory

are difficult to make in light of the variability in the tests

that were used to assess this domain. Despite this vari-

ability, these studies seem to adhere to a common tempo-

ral pattern: if verbal memory was assessed within

3 months, then impairment therein was observed; if it

was assessed beyond 6 months, then it was observed to be

intact. Twenty UIA patients demonstrated impairment in

both the immediate and delayed recall trials of the Rey

Auditory Verbal Learning Test 3 months after surgery;29

impairment in the delayed, but not the immediate recall

trial was still demonstrated in a comparison of the UIA

patients with healthy controls. Likewise, Ohue et al.27 and

Haug et al.11 observed impairment in Miyake’s Memory

Test and the California Verbal Learning Test-II (learning

and short- and long-term memory trials) 1 month and

3 months after surgery, respectively. However, these

impairments were not observed at a long-term follow-up,

6 and 12 months after surgery, respectively. Similarly,

Towgood et al.31 and Preiss et al.32 failed to detect

impairment in subtests of the Wechsler Memory Scale-III

(WMS-III; Logical Memory I and II, Word Lists I and II)

and the Auditory Verbal Learning Test 6 and 12 months

after treatment, respectively. Therefore, it appears as

though UIA treatment results in impairment in verbal

memory; however, this impairment is transient, resolving

itself over several months after treatment.

Visual memory

The studies that have evaluated visual memory did so

using the ROCFT. Two of the studies19,35 reported an

improvement in the recall trial and no change in the copy

trial of this test 1 month after surgery. Both groups con-

ceded that this finding could be a consequence of practice

effects. Having controlled for practice effects by using

variants of the ROCFT, Tuffiash et al.30 reported no

change in the recall trial, but did report a decline in the

copy trial 1 week after surgery. This decline was attrib-

uted to 3 of 25 patients. Three to 6 months after surgery,

however, these patients performed at preoperative levels.

In agreement with this finding, Hillis et al.29 and Tow-

good et al.31 failed to detect a decline in performance on

the ROCFT 3 and 6 months after treatment, respectively.

Other tests of visual memory, the Warrington Recogni-

tion Memory test and the Face Recognition I and II sub-

tests of the WMS-III, respectively, did not yield different

results. Finally, Haug et al.11 reported that the mean

ROCFT score 3 months after surgery was more than 0.5

standard deviations below the published mean of healthy

controls, their definition of cognitive impairment. How-

ever, such impairment was also observed before treat-

ment, making it difficult to attribute the postoperative

deficits to the treatment; in fact, the mean ROCFT score

increased both 3 and 12 months after surgery. These

studies do not suggest that UIA treatment results in long-

term impairment in visual memory.

Working memory
Working memory was evaluated by means of the Digit

Span and Digit Symbol subtests of the Wechsler Adult

Intelligence Scale (WAIS). None of these studies11,29,31

detected a decline in performance on either of these tests

in a range of 3–12 months after treatment. However, in

the study by Hillis et al.,29 UIA patients demonstrated

poorer performance on the Digit Symbol compared to

healthy controls. In determining the effect of UIA treat-

ment on cognition, however, a comparison between

patients and controls is not as appropriate as one between

patients’ performances before and after treatment. Tow-

good et al.31 observed an improvement in performance

on the Digit Symbol 6 months after treatment, a finding

that they attributed to practice effects. These investigators

also assessed working memory using the Letter-Number

Sequencing subtest of the WMS-III, again failing to

detect a decline in performance. These studies do not

suggest that working memory is impaired after UIA

treatment.

Other cognitive domains

Language

The studies that have evaluated language suggest its pres-

ervation after UIA treatment. Two studies assessed nam-

ing29,31 using the Boston Naming Test, failing to detect

impairment therein in a range of 3–6 months after UIA

treatment. Vocabulary was assessed by Haug et al.11 by

means of the vocabulary subtest of the Wechsler Abbrevi-

ated Scale of Intelligence-Revised (WASI-R): though mean

scores were more than 0.5 standard deviations below the

normal mean both 3 and 12 months after UIA treatment,

the preoperative mean score was correspondingly low,

suggesting that surgery did not exacerbate preoperative

deficits in vocabulary. This is substantiated by a study
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that failed to detect impairment in vocabulary 6 months

after treatment.31

Visuospatial ability

Using the block design subtest of the WAIS or the WASI-

R, studies have observed the sparing of visual memory in

a range of 3–12 months after treatment.11,29,31 Haug

et al.11 also failed to detect impairment in this domain

using the design fluency subtest of the DKEFS. In con-

trast, Ohue et al.27 observed visuospatial impairment

using the Kohs Block Design test, 1 month after treat-

ment; however, such impairment was limited to only 2 of

36 patients, both of whom returned to preoperative levels

6 months after treatment.

Psychomotor ability
Studies suggest the preservation of psychomotor ability as

measured by the Grooved Pegboard test in a range of

1 week to 1 year after UIA treatment.11,29,30 Although

Tuffiash et al.30 observed poor performance on this test

1 week after treatment, this was limited to only 2 of 25

patients, both of whom returned to preoperative levels

3–6 months after treatment. Likewise, Haug et al.11

observed poor performance on this test 3 and 12 months

after surgery; however, performance was comparably poor

before surgery. This finding suggests that although psy-

chomotor ability may be impaired before treatment, this

impairment is not aggravated by the treatment.

Clipping versus coiling

The studies that have made comparisons between UIA

patients treated by surgical clipping and those treated by

endovascular coiling failed to detect differences in cognitive

outcomes. In the ISUIA, a comparison of the rate of neuro-

psychological impairment between clipped and coiled

patients was not performed. However, rates of cognitive

impairment, as elicited by the MMSE or the TICS, were

generally and slightly higher in clipped than in coiled

patients regardless of aSAH history and time of assess-

ment.3 Using a comprehensive battery of neuropsychologi-

cal tests, Towgood et al.31 did not observe differences

between 19 clipped and seven coiled patients. Likewise, no

differences were observed between 33 clipped and 32 coiled

patients in performance on the Auditory Verbal Learning

test or the Trail Making test.32 The small sample sizes and

inescapably nonrandomized design of these studies make it

difficult to definitively conclude that clipping and coiling

have comparable effects on cognition. An investigation that

is based on both a comprehensive battery of tests and a high

sample size is called for to determine the difference, if any,

between the effects of clipping and coiling on cognition.

Psychosocial outcome

The effect of UIA treatment on anxiety and depression

has been the subject of several studies. Using the State-

Trait Anxiety Inventory (STAI), Otawara et al.22

observed no change in trait anxiety, but did observe a

decrease in state anxiety 1 month after surgery in 37

UIA patients. These findings were replicated in a sample

of 28 UIA patients older than 70.19 Using the Hospital

Anxiety and Depression Scale (HADS), Yamashiro

et al.23 yielded similar results: both anxiety and depres-

sion decreased significantly as soon as 3 months after

surgery in 67 UIA patients; these lower levels of anxiety

and depression were stable for 3 years. Two studies12,20

failed to detect a treatment effect; however, in these

studies, psychosocial outcome, as measured by the STAI

and the Beck Depression Inventory or the HADS, was

compared between a group of untreated and treated

patients, rather than between the same group of patients

before and after treatment.

Regardless of a treatment effect, some studies have

sought to determine whether UIA patients have anxiety

or depression after treatment. In comparisons with refer-

ence populations, UIA patients did not have psychosocial

impairment from about 2.8–4.7 years after treatment.20,24

Although Brilstra et al.25 found higher levels of depression

in UIA patients treated by surgical clipping, these patients

did not have higher levels of anxiety 3 months after sur-

gery; furthermore, UIA patients treated by endovascular

coiling did not have higher levels of either depression or

anxiety than the reference population in the same period

of time. In a comparison between clipped and coiled

patients, these investigators failed to detect differences in

anxiety or depression. This finding finds support from

that of Solheim et al.:36 no differences in anxiety or

depression were observed between clipped and coiled

patients about 5.5 years after treatment. In summary, it

appears as though UIA treatment alleviates the anxiety

that stems from harboring an intracranial aneurysm that

is at risk of rupturing. Posttreatment anxiety does not dif-

fer between clipped and coiled patients and is comparable

to that of healthy individuals.

Functional outcome

Quality of life

Generally, studies have failed to detect a long-term effect

of treatment on the quality of life of UIA patients.

Although Raaymakers et al.,37 using both the Sickness

Impact Profile and the Medical Outcome Study Short

Form 36 (SF-36), observed a decreased quality of life

3 months after surgery, it returned to preoperative levels
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12 months after surgery, with physical role limit, pain,

and vitality remaining suboptimal. Similar results were

yielded by Haug et al.11 In keeping with these findings,

according to the SF-36, UIA patients who underwent sur-

gical clipping demonstrated a decreased quality of life

3 months after treatment, but approached preoperative

levels 12 months after treatment.25 In the same study,

there was no decrease in the quality of life of UIA

patients who underwent endovascular coiling 3 and

12 months after treatment. These results were mirrored

using the EuroQoL-5D. Not only did Yamashiro et al.23

fail to detect a decline in quality of life, they found an

improvement in it 3 years after surgery. Two studies

assessed the effect of treatment on the quality of life of

UIA patients by comparing a group of patients with

untreated UIAs to one with treated UIAs.12,20 Both stud-

ies failed to detect differences between these groups,

except that untreated patients had a poorer perception of

their health than patients who had been treated 6 months

before testing.12

Studies have investigated whether or not treated UIA

patients have a poor quality of life notwithstanding the

effect of treatment. Buijs et al.20 compared quality of life,

as measured by the SF-36, between UIA patients treated

within 4.7 years and a reference population, observing

that the patients scored lower on physical function, role

physical, general health, and vitality. No such differences

were detected by the EuroQoL-5D. This is in contrast to

the finding by Yamashiro et al.24 that no SF-36 domains

were impaired in UIA patients 3 years after treatment.

This discrepancy may be attributable to the 6% of 92

patients with permanent complication-related symptoms

in the former study and the only one of 67 patients with

considerable disability, according to the modified Rankin

Scale, in the latter study. Solheim et al.36 compared the

quality of life, as measured by the SF-36, between UIA

patients who underwent surgical clipping and those who

underwent endovascular coiling within 5.5 years.

Although coiled patients tended to score higher than

clipped patients, no significant differences were found

between them. In summary, it appears as though UIA

treatment does not result in a permanent decline in qual-

ity of life. Whether or not treated UIA patients have a

quality of life on par with that of healthy individuals may

depend on the degree to which they have disability. Preli-

minary evidence indicates no difference in the quality of

life of UIA patients treated by surgical clipping and endo-

vascular coiling.

Employment status

Solheim et al.36 categorized 63 UIA patients treated within

5.5 years into one of four employment categories: work-

ing, sick leave, disability insurance, and retired. Of 37 UIA

patients treated by surgical clipping, 32.4% were working

and 18.9% had retired. Notably, 32.4% were receiving dis-

ability insurance and 16.2% were on sick leave. Similar

though slightly more favorable percentages were found for

the 26 patients who underwent endovascular coiling:

42.3% were working, 23.1% had retired, 30.8% were

receiving disability insurance, and 3.8% were on sick leave.

Employment status was not recorded before treatment,

making it difficult to attribute the absence from work to

the treatment itself. This limitation cannot be ascribed to

a study by Haug et al.,11 wherein employment was

assessed before treatment, in addition to 3 and 12 months

thereafter. Of 15 UIA patients, nine were working full- or

part-time, one had retired, four were receiving disability

benefits, and one was undergoing work training before

treatment. Although this distribution became considerably

less favorable 3 months after treatment (four working full-

or part-time, one retired, four receiving disability benefits,

five sick leave, one rehabilitation), it returned to preopera-

tive levels by 12 months after treatment (nine working

full- or part-time, one retired, four receiving disability

benefits, one undergoing work training). Both of these

studies suggest that a considerable proportion of UIA

patients do not have optimal employment statuses after

treatment; however, the latter study indicates that such

statuses exist even before treatment, suggesting that they

are not a result of the treatment itself.

Conclusion

The decision to treat an UIA remains complex, contro-

versial, and contingent on a myriad of variables. The

optimization of outcomes of this decision can be

achieved only by knowledge of not only the risks of

aneurysm rupture and of neurological disability conse-

quent to UIA treatment but also of the neuropsychologi-

cal, psychosocial, and functional outcomes thereof. This

review finds that UIA treatment allays the anxiety that

accompanies harboring an UIA and that it does not

result in long-term decline in the quality of life of the

patients who harbor them. Despite the depth of research

on the effect of UIA treatment on neuropsychological

outcomes, a consensus has not yet been achieved. This

review finds that the effect of UIA treatment on cogni-

tion is domain-specific: there is a sparing of some

domains (verbal fluency, cognitive flexibility, working

memory, language, visuospatial ability, psychomotor

ability) and a transient decline in others (verbal and

visual memory); a conclusion about inhibitory control

was not arrived at.

This review brings attention to the behavioral statuses

UIA patients before treatment. Already established is the
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anxiety, depression, and poor quality of life that burden

untreated UIA patients. What have not yet been compre-

hensively investigated are the cognitive and occupational

statuses of untreated UIA patients; this review finds that

it is likely that impairment in these domains exists. That

UIA patients have psychosocial, quality of life, and per-

haps cognitive, and occupational impairments even before

treatment suggests that their clinical relevance does not

begin and end with their risk of rupture; therefore, their

interaction with the health care system ought not be lim-

ited only to moderating this risk.
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