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Abstract

The objective of this study was to carry out a detailed investigation of the neurological, neuropsychological, and
return-to-work status of treatment for unruptured intracranial aneurysms (UIAs). A prospective design was used to
evaluate the outcome of UIA treatment in a group of 26 UIA patients. Over a 24-month period UIA patients were
assessed prior to treatment, during hospitalization, at three months and at six months following treatment. Their
performance was compared to a group of 20 matched controls. Neurological morbidity as a result of the UIA
treatment was 5%, as assessed by the Glasgow Outcome Scale (GOS) or Rankin at 3 months. The Telephone
Interview for Cognitive Status (TICS) proved to be unreliable as a measure of cognitive change. Reliability of
change analysis was more sensitive than group analysis, and revealed a pattern of cognitive deficits in 10% of
patients as a result of the UIA treatment. In addition, 25% of patients reported a change in work role as a result of
the UIA treatment. While 10% of patients sustained mild to moderate neurological and cognitive impairments 3 to 6
months following UIA treatment, their deficits were not as wide-ranging nor as severe as those sustained by patients
who survive a subarachnoid hemorrhage (SAH). (JINS, 2005, 11, 522–534.)
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INTRODUCTION

Most recent studies estimate the prevalence of intracranial
aneurysms in the general population to range between 1–2%
(Juvela et al., 1993, 2000; Rinkel et al., 1998; Winn et al.,
2002), but most of these will never rupture. Unruptured
intracranial aneurysms (UIAs) are being increasingly iden-
tified either at the time of a subarachnoid hemorrhage (SAH)
from a separate aneurysm, or as an incidental finding when
the individual undergoes an MRI or angiogram for another
reason. Once a UIA is identified, a decision must be made
whether to leave the UIA untreated in the hope that it never
ruptures, or to treat it to prevent it from possible rupture at
some point in the future. Although there have been recent
improvements in the number of patients experiencing good

outcome following spontaneous rupture causing SAH
(Cesarini et al., 1999; Hop et al., 1997; Le Roux et al.,
1998), mortality remains at 40 to 50%, and approximately
50% of the survivors are left with significant long-term
cognitive deficits.

Reviews of published studies suggest that outcomes from
UIA treatment are reasonably good (between 5% and 25%
morbidity and between 0% and 7% mortality) (King et al.,
1994; Raaymakers et al., 1998; Towgood et al., 2004). While
the Stroke Council of the American Heart Association pro-
vides guidelines for the management of UIAs (Bederson
et al., 2000) many of the complex issues associated with
the decision to treat remain controversial. In addition, the
influential International Study of Unruptured Intracranial
Aneurysms (ISUIA; 2003, 1998) raised concerns that the
morbidity following treatment of UIAs may be higher than
had previously been reported. The findings of this study
have been used to suggest that mortality and morbidity rates
following treatment for UIAs are higher than the rates of
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mortality and morbidity associated with spontaneous rup-
ture. This conclusion has been questioned (Ausman, 1999).
However, the ISUIA study does raise the possibility that
overall, the risks associated with treatment of UIAs out-
weigh the benefits, particularly for aneurysms smaller than
7 mm in diameter in individuals who have not experienced
a previous SAH (ISUIA, 1998, 2003), and hence the debate
continues. Thus, any additional information about outcome
following UIA treatment that can be gathered from well-
designed prospective studies is valuable.

Often the patients for whom treatment decisions are most
difficult are healthy adults with many years of active work-
ing and social life ahead of them, and for this group in
particular it is important to take into account the long-term
cognitive outcome and return-to-work status following treat-
ment of UIAs prior to making a decision about treatment.
Most of the existing studies have assessed outcome from
UIA treatment in terms of mortality and gross neurological
morbidity. In comparison, very few studies exist that include
measures of outcome such as cognitive status.

There are, however, a few exceptions in which research-
ers have included measures of cognitive outcome, and these
have been reviewed recently by the authors in a separate
paper (Towgood et al., 2004). Importantly, one of the stud-
ies to include measures of cognitive status was the influen-
tial ISUIA study (1998, 2003). This study utilized the TICS
(Brandt et al., 1988) and the Mini-Mental State Examina-
tion (MMSE) (Folstein et al., 1975) to assess cognitive
outcome and the Rankin Scale (Rankin, 1957) to assess
neurological outcome. Data from the comprehensive
follow-up ISUIA study (2003) found that when based on
the Rankin Scale alone, 30 days after surgery morbidity
was 2.9% and one year after surgery it was 1.3%. When
based on cognitive status alone, 30 days after surgery mor-
bidity was 4.6% and one year after surgery it was 5.7%.
Overall morbidity and mortality at 30 days after surgery
was 13.2% and one year after surgery it was 12.2% (ISUIA,
2003). These findings raise two interesting points. First,
basing measures of outcome on either neurological status
or cognitive status alone can be misleading and, second,
morbidity changes with time. Studies that report morbidity
figures based on only short follow-up periods may there-
fore over-estimate morbidity outcomes. While the ISUIA
study should be applauded for including measures of cog-
nitive status, questions about the use of a brief telephone
assessment of cognitive outcome (TICS) must be raised, as
this measure has been developed to assess decline in a
dementing population much older than the UIA population.

The broad aim of our study was to carry out a detailed
investigation of the outcome for treatment of UIAs using
measures of neurological, neuropsychological, and return-
to-work status. It was also an aim of the study to investi-
gate the possibility of predicting the long-term outcome of
treatment for UIAs from acute cognitive outcome vari-
ables and to investigate the validity of the TICS for mea-
suring cognitive change in a population of patients treated
for UIAs.

METHODS

Patient Population

The Auckland Hospital Neurosurgery Unit (including four
neurosurgeons and two neuroradiologists who treat UIAs
by clipping and coiling, respectively) manages patients from
the upper half of the North Island of New Zealand, thus
servicing an approximate population of 2.3 million. In addi-
tion, some patients from other areas in New Zealand, or
from the Pacific Islands, are treated at Auckland Hospital,
particularly for the coiling cases. To participate in the study
patients must have been assessed by a doctor (usually a
neurologist or neurosurgeon) at Auckland Hospital, and be
aged 15 years or older, be able to give fully informed con-
sent and understand English to an extent adequate to com-
plete assessments. Patients must have had at least one UIA,
which may or may not be symptomatic, and they may have
had a previous aneurysm that had ruptured and been treated
at an earlier point in time. Neurologically stable, healthy,
age, gender, and ethnicity matched control participants were
also recruited. These control participants were first sought
from the friends and relatives of the treated UIA groups,
and when this was not possible they were recruited from the
wider community. Control participants were required to be
aged 15 years or older, able to give fully informed consent
and able to understand English to an extent adequate to
undergo neuropsychological assessment. Treated UIA
patients or control participants with a concurrent history of
brain injury or brain disease (other than previous SAH),
current alcoholism, or relevant psychiatric history were not
eligible for the study.

In the 24-month period from the beginning of June 2000
until the end of May 2002, 70 patients with UIAs were
identified using extensive case finding methods. Of this
group, two patients died prior to treatment, one from a SAH,
and one of unknown causes. During the time frame of the
study, 30 patients had at least one UIA successfully treated.
Of these 30 patients, demographic, clinical, risk factor, and
morbidity data were collected for 26 patients enrolled in the
study. Of the four patients excluded, one patient was not
identified until after her treatment, one patient was lost to
contact, and two patients did not consent to participate. Of
these 26 patients, 20 were available for both pre- and post-
treatment assessment, one patient was only available for
pre-treatment assessment, and a further five cases were only
available for post-treatment assessment. In the case of the
single patient available only for pre-testing, this patient died
in an unrelated accident before follow-up testing could be
completed. With regard to the five cases who were missed
for pre-treatment assessment, in four of these cases patients
were not identified until after they had been treated, and
therefore pre-treatment testing was not possible. The one
patient who was identified prior to treatment, but not assessed
at this point, presented acutely to the hospital with a symp-
tomatic UIA (complete right ophthalmoplegia and ptosis),
and it was not considered appropriate to assess her prior to
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treatment. From the control group, one participant was not
assessed at follow-up, as their matched experimental patient
was no longer enrolled in the study (patient had died, as
discussed earlier). Demographic and assessment data have
not been reported for this participant.

Demographic variables for the UIA patients and control
participants are presented in Table 1. Of the treated UIA
patients, 58% were female, the mean age was 48 years 11
months and 73% were New Zealand European. In the con-
trol group, 50% were female, the mean age was 45 years
and 10 months and 85% were New Zealand European. The
treated UIA group and the control group were well matched,
with independent sample t tests (two tailed) yielding no
significant difference for age, baseline Spot-the-Word score
(giving an estimate of premorbid IQ), or retest interval, and
chi-square tests yielded no significant differences for gen-
der or ethnicity. There was however a significant difference
for years of education [t(38)523.745, p5 .001].

Procedures

Table 2 presents a summary of the study procedure for the
treated UIA patients and control participants. At the com-

Table 1. Demographic characteristics of the study population

Baseline characteristics

Treated UIA
patients
(n5 26)

Control
participants

(n5 20)

Age (years: months)
Mean 48:11 45:10
Range 24–70 25–72
SD 10.8 10.6

Gender
Females 58% 50%

Education:
Mean years of education 12 15
Mean Spot the Word 49 52

Ethnicity
NZ European 73% 85%
Maori 23% 10%
Pacific Islander 0% 5%
Other 4%

Cognitive testing retest interval
(months: weeks)

Mean 7: 2 7: 2
Range 5: 3–14: 2 5: 3–13: 1
SD 2: 1 2: 0

Table 2. Summary of study procedure

Treated UIA Group Control Group

Telephone Cognitive Screen
Prior to Treatment

(TICS only)
f

Telephone Cognitive Screen
(TICS only)

f

1st Neuropsychological
Assessment Prior to Treatment

(Full battery, excluding TICS, Cognistat,
Rankin and GOS)

f

1st Neuropsychological Assessment
(Full battery, excluding TICS,
Cognistat, Rankin and GOS)

f

Acute Screen During Hospitalization
(Cognistat only)

f

Neurological Follow-up
8–12 weeks post treatment

(Rankin and GOS only)
f

Telephone Follow-up
Interview 3 months post treatment

(Structured Interview Only)
f

2nd Neuropsychological Assessment
6 months post treatment

(Full battery, excluding TICS, Cognistat,
Spot the Word, Rankin and GOS)

2nd Neuropsychological Assessment
6 months post 1st assessment
(Full battery, excluding TICS,

Cognistat, Spot the Word, Rankin and GOS)
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mencement of the study, all UIA patients were contacted by
telephone to gain their verbal consent to participate and to
schedule a time for the initial neuropsychological assess-
ment appointment. Prior to this initial testing session, patients
were telephoned to confirm their appointment and to admin-
ister the TICS. This telephone interview took approxi-
mately ten minutes. At the time of the neuropsychological
assessment appointment, UIA patients’ written consent was
obtained and patients were administered a battery of tests
(see Table 2 and the Methods section for further details).
This administration took between two to three hours. Dur-
ing the initial assessment, UIA patients were also asked to
complete a 22-item structured interview, which included
demographic, medical history, and symptom presentation
questions.

During hospitalization, UIA patients were administered
the Neurobehavioural Cognitive Status Examination (Cog-
nistat; Mueller et al., 2001). This testing took place once
patients’ neurological status, as measured by the Glasgow
Coma Scale (GCS; Teasdale & Jennett, 1974), had stabi-
lized to a minimum of 14 points, and prior to their dis-
charge from hospital (mean time from treatment to testing5
3 days, range 1–8 days). Administration took approxi-
mately 15 minutes.

Eight to twelve weeks after treatment, patients were sched-
uled to return to Auckland Hospital, or an outpatient clinic,
for a neurosurgical follow-up appointment. During this visit,
the patient was interviewed and neurologically examined
by the attending neurosurgeon or neurosurgical registrar,
who rated the patient on the Rankin and Glasgow Out-
come Scale (GOS, Jennett & Bond, 1975). The six points
on the Rankin Scale were: (1) no symptoms, (2) no signif-
icant disability, (3) slight disability, (4) moderate disability,
(5) moderately severe disability, and (6) severe disability.
GOS score was rated in terms of: (1) good recovery,
(2) moderate disability, (3) severe disability, (4) persistent
vegetative state, and (5) death.

Approximately three months following their treatment,
patients were telephoned and interviewed with a follow-up
to the structured history-gathering interview, initially admin-
istered prior to treatment. Administration of this interview
took approximately 15 minutes. Approximately six months
following their treatment, another full neuropsychological
assessment was conducted, for comparison with the pre-
treatment assessment. In addition, neurological and medi-
cal data were collected from reviews of patients’ medical
files, operation reports, and outpatient appointment letters.
Data collected included: (a) site, size, and number of UIAs
prior to treatment, (b) treatment type (surgical or endovas-
cular), (c) nature of any medical and0or surgical complica-
tions during and0or following treatment, (d) site and number
of remaining UIAs following treatment, (e) date and grade
of previous SAH (where applicable) and site and size of
previously ruptured aneurysm, (f ) details of any neurolog-
ical deficit following previous SAH, and (g) length of hos-
pital stay for UIA treatment. Information on the nature and
neurological outcome of any previous SAH was used to

assist the three neurosurgeons and their neurosurgical reg-
istrars who completed the ratings in making qualitative
assessments as to whether observed neurological deficits
following UIA treatment were the result of the current treat-
ment or from a previous SAH. These assessments were then
reviewed by the head of neurosurgery (E. Mee) and the first
author to ensure 100% agreement on these ratings.

Control participants were also assessed with the TICS by
telephone prior to the first administration of the neuropsy-
chological battery and following this were assessed with
the battery of neuropsychological tests, and on two occa-
sions, approximately seven months apart. The time interval
for follow-up testing was matched to the interval between
full battery assessments for the treated UIA patients.

Measures

Measures included in the neuropsychological battery in-
cluded the Boston Naming Test (BNT; Kaplan et al., 1983),
Vocabulary, Similarities, Block Design, Digit Span, and Digit
Symbol Coding from the Wechsler Adult Intelligence Scale–
Third Edition (WAIS-III; Wechsler, 1997a), Logical Mem-
ory I & II, Word Lists I & II, Face Recognition I & II and
Letter Number Sequencing from the Wechsler Memory
Scale–Third Edition (WMS-III; Wechsler, 1997b), the Rey
Complex Figure Test (Spreen & Strauss, 1998), the Ogden
Scene Test (Ogden, 1985), the California Computerised
Assessment Package (CalCAP; Miller, 2001), the Trail Mak-
ing Test (TMT; Reitan, 1958) and the Controlled Oral Word
Association Test (COWAT; Ruff et al., 1996). The Spot the
Word subtest from the Speed and Capacity of Language
Processing Test (SCOLP; Baddeley et al., 1992) was also
included as a measure of premorbid cognitive functioning.

The Cognistat (Mueller et al., 2001) was included as a
measure of acute cognitive status and only administered
once during hospitalization. The Cognistat consists of sub-
tests that measure arousal, orientation, attention, compre-
hension, repetition, naming, visual construction, memory,
calculation, abstract reasoning, and judgment. Pre- and post-
treatment patients and control participants were also admin-
istered the TICS (Brandt et al., 1988) and a structured
interview designed primarily to investigate difficulties fre-
quently revealed after treatment for SAH.

Statistical Analysis

All data were analyzed at a group and individual level.
Group analysis first involved comparing the baseline per-
formance of the treated UIA patients and the control par-
ticipants on each measure from the full battery using paired
t tests. Pre- versus follow-up testing performances were
compared for the control participants and treated UIA
patients to identify the effects of UIA treatment using a
repeated-measures analysis of variance model. As recom-
mended by Frison and Pocock (1992), covariates were to be
included to control for the noted significant difference
between years of education in the control and experimental
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groups. However, this analysis was only to be performed in
the case where the initial nonadjusted repeated-measures
analysis was significant (Adams et al., 1985).

The data were then analyzed at the individual level using
a reliability of change index (RCI) method. The RCI method
chosen for the purposes of the current analysis was based
on that described by Jacobsen and Truax (1991) and adapted
by Chelune et al. (1993). The general methodology of RCI
is based on the hypothesis that the level of functioning of
the experimental population subsequent to treatment should
place the patient closer to the mean of a normal population
than it does to the mean of a dysfunctional patient popula-
tion (Jacobsen & Truax, 1991). In calculating a RCI, the
primary measure of interest is the Sdiff (Iverson, 2001), which
describes the spread of distribution scores that is expected
when no actual change occurs (Jacobsen & Truax, 1991).
The calculation of Sdiff , as modified by Iverson (2001), is
based on the control population, and can be computed from
the following formula:

Sdiff 5 MSEMt1
2 1 SEMt2

2

where standard error of measurement (SEM)5 SD M 12 r.
A confidence band can then be formed around the Sdiff by

multiplying it by a value from the z-distribution (Iverson,
2001). In the case of the current study, Sdiff was multiplied
by 1.965, which formed a confidence interval outside of
which a change score is unlikely to occur by chance (2.5%
in each direction). This confidence interval was then adjusted
for practice effects by adding a correction factor to the con-
fidence intervals, with this factor calculated from the mean
practice effect for each measure observed by the control
group (Chelune, 2002; Sawrie et al., 1996). The confidence
interval can thus be defined as the interval between P 1
1.965 * Sdiff and P 2 1.965 * Sdiff , where P is the practice
effect.

These RCI intervals were next used to classify experi-
mental patients into three groups: patients who fell outside
and below the interval (the negative change group), patients
who fell within the interval (the no change group), and
patients who fell above the interval (the positive change
group).

It should be noted that although there are other methods
of conducting RCI analysis, the method outlined here was
chosen over more complex standardized regression meth-
ods, as the theoretical advantages of these more complex
models have not been found to lead to better performances
(Heaton et al., 2001). In addition, the RCI method chosen
was selected for its face validity, simplicity, and ease of
replication.

RESULTS

Clinical Characteristics and Neurological
Outcome for UIA Patients

The clinical characteristics for the UIA treated patients are
presented in Table 3. A previous SAH had not been experi-

enced by 62% (16 cases) of the treated UIA group, 73% (19
cases) had a UIA that was less than 10 mm in size, 54% (14
cases) of aneurysms were right-sided, and 38% (10 cases)
were middle cerebral artery (MCA) aneurysms.

The characteristics relating to the treatment of the UIAs
are also presented in Table 3. On admission to hospital for

Table 3. Clinical characteristics of the study population

Baseline characteristics

Treated UIA
patients
(n5 26)

Baseline TICS score
Over 27 (normal) 85%
Equal to or below 27 5%
Baseline TICS not available 10%

History of SAH
Yes 62%
No 38%

SAH grade
I 50%
II 25%
III 6%
IV 6%
V 6%
Not available 6%

SAH to Time 1 assessment
Mean 7 months

Size of largest UIA
2–5 mm 42%
6–9 mm 31%
10–14 mm 19%
15–24 mm 4%
. 25 mm 4%

Side of largest aneurysm
Right 54%
Left 42%
Not specified 4%

Location of largest UIA
Internal carotid 35%
Anterior communicating or anterior cerebral 15%
Middle cerebral 38%
Posterior communicating 8%
Vertebrobasilar or tip of basilar 4%

Neurological status on admission (GCS)
Neurologically stable (15015) 100%
Impaired (,15015) 0%

Number of UIAs treated during procedure
Single aneurysm (number of cases) 88%
Multiple aneurysms (number of cases) 12%

Remaining untreated UIAs
No 88%
Yes 12%

Treatment method
Clipped (number of cases) 73%
Coiled (number of cases) 27%

Duration of hospital stay
Mean number of days 9.42 days
Range 5–36 days
SD 7.33 days
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treatment of their UIAs, 100% of patients were neurologi-
cally stable (15015) according to their GCS score, 88% (23
cases) had a single aneurysm treated, and 12% (3 cases)
had multiple aneurysms clipped. Three cases had remain-
ing UIAs left untreated. Of the 26 cases, 73% (19 cases)
were clipped and 27% (7 cases) were coiled. The average
length of hospital stay was 9.42 days.

Table 4 presents data from the neurological assessment
carried out by the neurosurgeon, on average, 11 weeks and
4 days post-treatment (range 6 to 27 weeks). Neurological
outcome data for 6 patients were not available due to either
nonattendance at the follow-up appointment or failure of
Auckland Hospital to schedule a follow-up appointment. It
should be noted that the 6 patients for which neurological
outcome data is not reported are not the same as the 6
patients for which pre- versus post-neuropsychological data
is not reported. According to the Rankin Scale, 90% (18
cases) of the 20 patients assessed experienced a good out-
come (Rankin Score of 0, 1, or 2) and 10% (2 cases) expe-
rienced a moderate to severe neurological disability (Rankin
Score of 3, 4, or 5). According to the GOS, 90% (18 cases)
experienced a good outcome (GOS of 1), 15% (3 cases)
experienced a mild to moderate outcome (GOS of 2, 3, or
4), and no patients died (GOS of 5). Details of the three
cases with an impairment are presented in Table 5. In two
of these cases (Patients 5 and 12) the deficits were attrib-
uted to a previous SAH, and in one case (Patient 1), to the
treatment of the UIA. This patient suffered a right cerebral
vascular accident (CVA) secondary to the clipping of his
right MCA aneurysm. On assessment by the neurosurgeon
27 weeks following his treatment, he had only a mild limb
deficit. It should also be noted that three additional patients
(15%) reported symptoms of loss of sense of smell and0or
taste following the UIA procedure. Details of these three
cases are also presented in Table 5. In two of these cases,
the symptoms were attributed to the UIA treatment. These
symptoms are not, however, included as a “poor” outcome
in the reported morbidity figures to ensure that our results
are comparable with previous studies that do not include
these symptoms in their outcome statistics. However, as

these sensory losses are often debilitating, we recommend
that these symptoms be reflected in morbidity figures in
future studies.

Neuropsychological Outcome

Acute cognitive status

Table 6 presents data from the Cognistat battery. Patients
were classified as “impaired” according to the normative
study data presented in the test manual (Mueller et al., 2001).

Table 4. Neurological outcome data for treated patients

Treated UIA patients

Rankin Scale (n5 20)a

Score of 0 or 1 70%
Score of 2 20%
Score of 3, 4, or 5 10%

Glasgow Outcome Scale (n5 20)a

Score of 1 85%
Score of 2 10%
Score of 3 or 4 5%
Score of 5 0%

Treatment mortality (n5 26) 0%
Study mortality (n5 26) 4%

aSeventeen clipped and three coiled cases.

Table 5. Individual patient details of poor morbidity cases

Details of moderate and poor Rankin and GOS scores

Patient 1 Male aged 67. GOS 2, Rankin 4. Presented with
incidental aneurysm. Right MCA 10–14 mm. No
previous SAH. Experienced right CVA secondary
to clipping of aneurysm. When seen at 27 weeks a
mild limb deficit was noted.

Patient 5 Male aged 49. GOS 2, Rankin 2. Previous Grade 1
SAH. Right MCA 2–5 mm. Ischemic neurological
deficit attributed to original bleed.

Patient 12 Male aged 24. GOS 3, Rankin 3. Previous Grade
IV SAH. Right ICA 6–9 mm. Cognitive deficits
attributed to original bleed.

Details of 3 patients with loss of smell and0or taste symptoms

Patient 4 Female aged 67. GOS 1, Rankin 1. Previous
Grade 3 SAH. Right ICA 2–5 mm. Olfactory
failure attributed to damage from initial
hemorrhage or craniotomy and possible stretching
of right olfactory nerve during UIA treatment
procedure.

Patient 6 Female aged 70. GOS 1, Rankin 2. Previous
Grade 1 SAH. Right MCA 6–9 mm. Loss of sense
of smell and0or taste attributed to original bleed.

Patient 8 Female aged 38. GOS 1, Rankin 1. Previous
Grade 1 SAH. Left ICA 2–5 mm. Loss of sense of
smell and0or taste attributed to UIA treatment.

Table 6. Cognistat outcome data for treated patients

Number of
cases

% of
cases

Cognistat
Impaired orientation (n5 21) 1 5%
Impaired attention (n5 21) 1 5%
Impaired comprehension (n5 21) 2 10%
Impaired repetition (n5 21) 1 5%
Impaired naming (n5 21) 0 0%
Impaired construction (n5 18) 0 0%
Impaired memory (n5 21) 12 57%
Impaired calculation (n5 21) 4 19%
Impaired similarities (n5 21) 6 29%
Impaired judgment (n5 20) 0 0%
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According to these assessments, on average 3 days post-
treatment, 57% (12 cases) had “impaired” memory perfor-
mances, while 29% (6 cases) were impaired on a test of
similarity judgment (verbal abstraction) and 19% (4 cases)
were “impaired” on an assessment of arithmetic calculations.

Group data analysis

Treated UIA patients were reassessed on the full battery of
neuropsychological measures, on average, 7 months 2 weeks
following their initial pre-treatment assessment (range of
6 months to 14 months 2 weeks). Follow-up assessments
for the control participants were completed, on average,
7 months 2 weeks (range of 5 months 1 week to 13 months
1 week) following their initial assessment.

As mentioned in the methods section, five patients were
not available for testing prior to treatment and one patient
was not available for testing following treatment. Analysis
presented in the following section is therefore based on the
20 UIA patients (14 were clipped and 6 were coiled) and

the 20 control participants tested on the full battery of neuro-
psychological tests on two occasions. It should be noted
that in the case of the five patients tested only at follow-up,
only two of these patients were able to complete the full
battery of tests. In addition, the one patient who was only
available for testing prior to treatment was also unable to
complete the full battery of tests. This may well suggest
that this subset of patients represent a group of individuals
who had poorer outcome than the 20 patients who were
available at both neuropsychological testing intervals, and
on whom the bulk of the analysis is based. As such, this
may contribute to a bias in the data towards reporting better
outcome at follow-up.

To evaluate the effect of treatment on neuropsychologi-
cal functioning, a two-factor (group, retest interval) repeated-
measures analysis of variance was performed. Table 7
displays means, standard deviations, and “group by retest-
interval” interaction effect size statistics for all neuropsy-
chological variables. With the exception of the Trail Making
Test and the CalCAP, for all variables, a higher score rep-

Table 7. Means, standard deviations, and Group3 Time interaction effect sizes for neuropsychological assessment
measures by time of assessment

Treated UIA patients
(n5 20)

Control participants
(n5 20)

Measure
Pre

Mean (SD)
Follow-up

Mean (SD)
Pre

Mean (SD)
Follow-up

Mean ( SD)

Group by
retest interval

effect size

TICS 33.9 (3.3) 35.5 (2.2) 37.1 (1.7) 36.5 (1.9) .365
Boston Naming Test 54.6 (5.2) 56.0 (3.8) 57.4 (1.8) 57.9 (1.9) .135
WMS-III

Logical Memory I 9.0 (3.5) 9.6 (2.7) 11.2 (2.8) 12.8 (2.2) .105
Logical Memory II 9.6 (3.7) 10.8 (2.6) 11.9 (2.6) 13.4 (2.6) .011
Face Recognition I 9.7 (3.5) 10.5 (3.3) 11.2 (3.0) 13.6 (2.9) .161
Face Recognition II 9.4 (3.1) 10.4 (3.3) 12.1 (1.7) 13.4 (2.0) .014
Word Lists I 9.3 (3.9) 10.8 (3.3) 12.6 (2.6) 13.9 (3.3) .012
Word Lists II 11.9 (2.9) 11.9 (3.2) 13.6 (1.8) 14.1 (1.8) .031
Letter-Number Sequencing 10.9 (3.4) 10.1 (3.3) 11.5 (2.0) 11.3 (2.5) .029

WAIS-III
Vocabulary 9.3 (3.3) 10.3 (3.4) 13.8 (2.4) 14.1 (2.0) .122
Similarities 8.6 (2.2) 9.7 (2.1) 12.3 (2.5) 13.4 (2.7) .011
Block Design 10.2 (2.9) 10.4 (3.5) 12.7 (3.4) 13.4 (3.0) .044
Digit Symbol 9.0 (2.8) 9.8 (3.1) 11.8 (2.7) 12.7 (3.1) .010
Digit Span 10.3 (3.0) 10.5 (2.8) 11.2 (2.6) 11.4 (2.6) .010

Rey Complex Figure
Copy 29.5 (6.4) 28.4 (4.3) 30.8 (3.3) 30.2 (2.6) .015
Recall 17.3 (5.6) 16.3 (6.0) 19.3 (5.8) 20.9 (6.5) .067

Trail Making Test
Trails A 38.0 (17.1) 36.5 (23.7) 27.6 (9.5) 21.3 (7.1) .040
Trails B 80.6 (40.3) 76.8 (34.1) 57.3 (13.6) 54.2 (17.6) .010

COWAT 38.1 (10.5) 41.6 (10.9) 50.5 (13.7) 51.6 (11.5) .077
CalCAP

Simple Reaction Time 411.2 (133.6) 361.1 (61.6) 340.4 (80.6) 332.1 (53.7) .053
Choice Reaction Time 431.1 (62.2) 435.8 (58.1) 406.9 (38.8) 400.1 (31.6) .023
Sequential Reaction Time 1 514.9 (135.8) 563.0 (122.1) 497.5 (81.5) 490.5 (68.7) .206
Sequential Reaction Time 2 619.4 (117.4) 618.8 (109.9) 576.5 (105.1) 526.4 (88.2) .207

Note. All data are expressed in terms of the original units.
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resents better cognitive functioning. In the case of the Trail
Making Test and the CalCAP, a higher score represents
slower reaction times and hence poorer cognitive function.
As can be seen from Table 7, at follow-up both groups
tended to improve slightly on most measures. Repeated-
measures analysis results revealed the following significant
“group main effect”: TICS [F(1,34)5 8.496, p5 .006] and
the following significant “retest interval” main effects; Bos-
ton Naming [F(1,38) 5 10.569, p 5 .002], Logical Mem-
ory I [F(1,38) 5 10.096, p 5 .003], Logical Memory II
[F(1,37) 5 15.056, p 5 .000], Word Lists I [F(1,38) 5
20.101, p5 .000], Face Recognition I [F(1,38)5 10.992,
p 5 .002], Face Recognition II [F(1,38) 5 8.447, p 5
.006],Vocabulary [F(1,38) 5 10.833, p 5 .002], Similari-
ties [F(1,38)518.484, p5 .000], Digit Symbol [F(1,38)5
10.223, p 5 .003]. There were no significant “group by
retest interval” interactions effects at the p5 .01 level. One
variable, the TICS, did however reveal a significant “group
by retest interval” interaction effect at the p 5 .05 level
[F(1,34)5 13.365, p5 .025].

Limited (and possibly unreliable) statistical analyses (inde-
pendent sample t tests) revealed no differences between the
clipped and coiled patients on demographic variables, or on
the acute neurological outcome measures. Descriptive sta-
tistics revealed no significant differences on the full neuro-
psychological battery.

Reliability of change analysis

From the control group data, RCI were calculated as detailed
in the methods section. The number of measures included
in this RCI analysis was limited to reduce the number of
comparisons made. Bivariate correlations between each of
the measures at time one for the control participants were
calculated, and in the case where two tests were signifi-
cantly correlated (at the p5 .01 significance level) the test
with the lowest test-retest reliability was excluded. This
method ensured that each of the remaining 16 tests included
in the analysis contributed uniquely to the cognitive profile
of the patients.

The RCI intervals were then used to classify UIA patients
and control participants into three groups; patients who fell
outside and below the interval (the negative change group),
patients who fell within the interval (the no change group),
and patients who fell above the interval (the positive change
group). Table 8 lists the numbers of participants in each
group showing statistically reliable test-retest change on
each of the measures in the RCI analysis. If a significant
decline in performance across the two assessments for three
or more tests is taken as a reasonable measure of clear
clinical impairment, two (10%) of the treated UIA patients,
and none of the controls, showed this level of negative
change.

Table 8. Number of each group showing statistically reliable test-retest change on the RCI analysis

Treated UIA patients
(n5 20)

Control participants
(n5 20)

Measure
Negative
change

No
change

Positive
change

Negative
change

No
change

Positive
change

Boston Naming Test 0 17 3 0 19 1
WMS-III

Logical Memory I 1 18 1 0 20 0
Face Recognition II 2 16 2 1 19 0
Word Lists I 2 17 1 1 18 1
Word Lists II 1 19 0 1 18 1
Letter-Number Sequencing 0 20 0 0 19 1

WAIS-III
Similarities 0 20 0 0 18 2
Block Design 1 19 0 0 19 1
Digit Symbol 2 15 3 0 19 1
Digit Span 1 19 0 0 20 0

Rey Complex Figure
Copy 3 15 2 0 20 0
Recall 2 18 0 1 19 0

Trail Making Test
Trails A 1 17 2 0 19 1

COWAT 0 19 1 0 19 1
CalCAP

Simple Reaction Time 0 18 2 0 20 0
Choice Reaction Time 0 20 0 0 20 0
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Return-to-Work Status

Another useful measure of psychosocial outcome, particu-
larly with regard to the WHO (1980, 2001) category of
“Handicap,” is return-to-work status. Five of the treated
patients (25%) reported a change of work status that they
considered to be a direct result of their treatment, with one
UIA patient no longer working, one UIA patient returning
to the same work role but with reduced duties, and three
patients changing their work role as a result of the treat-
ment. In the case of the three patients who changed their
work role, in all cases their previous role had involved heavy
physical work that the patients did not want to continue
with. Four of the five patients had experienced a previous
SAH and had returned to work following their SAH and
prior to their UIA treatment.

Validity of the TICS

To assess the validity of the TICS in predicting outcome,
both in terms of acute neurological outcome and long-term
neuropsychological outcome, bivariate correlations between
the TICS score when first administered, TICS follow-up
score and the Rankin Scale Score, GOS Score, and neuro-
psychological outcome measures were computed. No sig-
nificant relationships were detected. In addition, initial versus
follow-up testing correlations were also calculated for the
TICS for control participants and UIA patients. This corre-
lation was significant at the p5 .05 level for the UIA patients
(Pearson r5 .547, p5 .023), but not for the control group
(Pearson r5 .371, p5 .118).

DISCUSSION

Neurological Outcome

Of the 70 cases of identified UIAs, 26 of these went for-
ward for treatment during the course of the study. Almost
two-thirds of these cases had experienced a previous SAH.
This figure is much higher than the 34.3% figure quoted in
the meta-analysis conducted by Raaymakers et al. (1998)
and may reflect the means by which UIA cases are identi-
fied in New Zealand. Our study contained a greater number
of anterior circulation aneurysms than reported in the Raay-
makers et al. (1998) meta-analysis, but a similar number to
that reported by the ISUIA (1998, 2003) and King et al.
(1994) studies. The size of the treated aneurysms in our
study tend to be smaller than that reported by other studies,
with 73% of the aneurysms being less than 10 mm in size
compared to 53.7% of those from the ISUIA study (1998)
and 54.4% of those from the Raaymakers et al. (1998) meta-
analysis. The King et al. (1994) meta-analysis did however
report a similar size distribution, with their review of five
studies where size data were available, suggesting that 72%
of treated aneurysms were less than 10 mm in size.

Overall, the UIA treatment mortality rate was nil, while
the three-month morbidity rate was 5% (1 case) with the
symptoms of loss of sense of smell or taste excluded and
20% (4 cases) if these symptoms are included. The single
patient with UIA treatment-related neurological symptoms
(excluding the loss of sense of smell or taste) experienced a
CVA secondary to neurosurgical treatment. Morbidity fig-
ures for the study compare well to other studies that have
used similar measures of outcome (ISUIA, 1998, 2003;
Nanda & Vannemreddy, 2002; Raaymakers, 2000).

As referred to in the methods section, an attempt was
made to “partial” out the effect of neurological deficits from
previous SAH when assessing the neurological outcome of
current UIA treatment by asking neurosurgeons or neuro-
surgical registrars to indicate the cause of the current neuro-
logical deficit. While this is not a definitive method, as it
relies on subjective ratings, it does represent an improve-
ment on many of the existing UIA treatment outcome stud-
ies, which frequently do not include pretreatment measures
of morbidity. This makes it difficult to separate out the
effects of the current treatment from the effects of previous
neurological events. Given the high number of UIA patients
who have sustained a prior SAH, assessing neurological
status before UIA treatment is particularly important. While
the ISUIA authors (1998) also indicate in their methodol-
ogy that only those events related to treatment of the UIA
were reflected in their study morbidity figures, they do not
make clear how they achieved this. Other recommenda-
tions for improving the quality of data collected in UIA
treatment outcome studies are made in a recent article by
the current authors (Towgood et al., 2004).

Acute Cognitive Outcome

One of the objectives of this study was to investigate the
possibility of predicting the long-term outcome of treat-
ment for UIAs. For this purpose, measurement of acute
cognitive outcome was conducted with the aid of the Cog-
nistat battery. Analysis of this data revealed that there was
moderate impairment in the immediate period following
aneurysm surgery, with 57% of cases demonstrating impaired
memory, 29% demonstrating impaired verbal abstraction,
and 19% demonstrating impaired basic calculation skills.
In addition, the finding of a poor result on the memory
subtest from the acute cognitive outcome screening was
significantly associated with six-month follow-up perfor-
mance on memory measures from the standardized neuro-
psychological battery. Such a finding suggests that acute
cognitive testing can provide useful data with regard to
long-term neuropsychological follow-up. Unfortunately, it
was not possible to explore this association further because
of the small study numbers and limited variability in the
profile of performances from the acute neuropsychological
battery. However, a study investigating the use of the Cog-
nistat with traumatic brain injury patients reported a similar
result, finding that several of the Cognistat subtests were
significantly associated with standard neuropsychological
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measures in a population of traumatic brain injury patients
(Nabors et al., 1997).

Neuropsychological Outcome

Group analysis of the neuropsychological data revealed that
performance on a brief telephone screening measure of cog-
nitive status (TICS) was significantly affected by time. How-
ever, contrary to expectations, only the control group
demonstrated a decline in performance at follow-up test-
ing. This result suggests that performance on the TICS was
not affected by treatment of a UIA, and as such does not
support the findings from the ISUIA (1998) study. That the
control patients declined on this measure over time raises
some interesting questions.

The ISUIA (1998) study used the TICS as the primary
measure of cognitive status. From the original ISUIA study
(1998) it was reported that 11.5% of the treated UIA patients
had impaired cognitive status at 30 days following treat-
ment and 9.0% had impaired cognitive status at one-year
follow-up. Revised figures have not been reported for the
TICS in the more comprehensive report of the ISUIA study
in 2003. Any conclusions drawn from the ISUIA data (1998,
2003) assume the TICS to be a valid measure of cognitive
status in the UIA population. Unfortunately, the TICS has
only been well validated for use with populations of elderly
patients (Barber & Stott, 2004; Desmond et al., 1994; Plass-
man et al., 1994). In addition, as the ISUIA (1998) did not
report the inclusion of measures of preoperative cognitive
status (Hillis et al., 2000), nor did they include a compari-
son group with which to evaluate rates of change (Alexan-
der & Spetzler, 1999), it is difficult to attribute the observed
decline in performance on the TICS to UIA treatment.

In addition, our study results suggest that the TICS has
only limited stability over time in this group of non-
impaired control participants. This however is in contrast to
findings of good test-retest reliability by other researchers
(Plassman et al., 1994) and may be influenced by the small
number of patients enrolled in our study. Furthermore, and
perhaps most importantly, the TICS was found not to cor-
relate with performance on a larger battery of neuropsycho-
logical tests. Again, these results may be influenced by the
small sample size. However, while the sample size of the
current study is small, the methodological advantages of
the study enhance the validity of the results and raise ques-
tions about the conclusions of the ISUIA (1998) with regard
to findings of impaired cognitive status in their group of
UIA treated patients. Results of our study suggest that the
TICS may not be a valid measure for detecting cognitive
change and decline in a population of treated UIA patients.
As noted earlier, further validation studies of the TICS with
younger neurologically impaired and healthy control patients
are needed to confirm the usefulness of this measure if it is
to be used in further studies as the primary measure of
cognitive impairment following UIA treatment or SAH.

Regarding other measures of cognitive status included in
the neuropsychological assessment battery, group analysis

comparing the treated UIA patients to the control partici-
pants over time failed to detect any other significant effects
of treatment beyond the expected effect of practice. Find-
ings of no significant neuropsychological deficits as a result
of treatment are in keeping with the results of the study by
Fukunaga et al. (1999), who reported that three months
after treatment all of the 30 patients tested had returned to
their preoperative functioning level. However, these find-
ings are in contrast to the ISUIA (1998) study that found
that treatment for UIAs resulted in cognitive decline in 9.0%
of the treated UIA patients at one-year following treatment.
In addition, they are also contrary to the findings of Hillis
et al. (2000), who concluded that treatment of a UIA resulted
in decline in cognitive functioning on measures of verbal
fluency, immediate verbal recall, delayed verbal recall, and
executive functioning. However, results from the ISUIA
(1998) study can be challenged on several grounds, as
referred to previously (Alexander & Spetzler, 1999; Aus-
man, 1999; Hillis et al., 2000). In addition, as Hillis et al.
(2000) limited their follow-up interval to three months, it is
possible that the deficits they found may have resolved over
a longer time period.

Before concluding from our group results that treatment
of a UIA did not cause any deterioration in neuropsycho-
logical functioning, several other factors need to be consid-
ered. First, was there sufficient power to detect significant
findings? Because of the small sample size and limited effect
size statistics, the power of the study to detect significant
group by time interactions was limited. Because of this
restriction in power, a more appropriate conclusion would
be that the group analysis failed to detect any significant
changes in cognitive function as a result of treatment, and
not that there were no changes.

Second, several of the measures in the study were found
to be distinctly nonnormal. While analysis of variance mod-
els are generally considered to be robust to violations of
normality, where sample sizes are small, such as in our
study, these models are less robust. As such, the nonnormal
nature of many of the cognitive variables may have further
limited the ability to detect a significant effect. Combined
with the limited power of the group analysis, violations of
assumptions of normality further add to the argument for
concluding more conservatively that the group analysis of
neuropsychological data failed to detect any significant
effects of treatment.

Third, while group analysis can provide important infor-
mation about the presence and magnitude of group differ-
ences, it says little about important changes at the individual
level. To determine whether an individual has been signif-
icantly affected by a treatment, it is necessary to establish
whether there are any changes at the individual level that
are reliable and beyond what would be expected, given nor-
mal change over time and practice (Chelune et al., 1993).
To do this, reliability of change indices (RCI) were calcu-
lated. As noted by Slade et al. (2001), RCI have greater
sensitivity to cognitive change than other methods, and as
such, are the method of choice for detecting individual
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change post-operatively. In the study this analysis revealed
that treatment resulted in significant cognitive impairment
above and beyond what would be expected by chance or as
a result of practice. According to this analysis, 5% of the
total UIA-treated patients’ change scores fell below the RCI
interval.

Significant negative change above and beyond what would
be expected by chance (Table 8) was observed on tests of
Delayed Face Recognition (10%), Immediate Recall of Word
List (10%), Digit Symbol Coding (10%), copy of the Rey
Complex Figure (15%), and delayed recall of the Rey Com-
plex Figure (10%). It is important to note that in all cases
these significant deficits were actual declines in perfor-
mance and not simply failures to show practice effects. Some
interesting positive change was also noted, with the UIA
group showing significant improvement on the Boston Nam-
ing Test (15%), Delayed Face Recognition (10%), Digit
Symbol Coding (15%), copy of the Rey Complex Figure
(10%), Trails A (10%), and Simple Reaction Time (10%).
In the majority of cases, this positive change was observed
in patients who had previously experienced a SAH and there-
fore can be hypothesized to reflect processes of ongoing
recovery of functioning. Using as a guide that a decline in
performance on at least three test measures would signal
clear clinical impairment, two of the 20 UIA patients (10%)
were neuropsychologically impaired as a consequence of
their UIA treatment 6 months later.

Return to Work

Five patients (25%) reported that they had changed their
work role as a direct result of their UIA treatment. This may
suggest that the treatment of the UIA had a significant impact
on functional outcome in a quarter of treated cases. How-
ever, four of these patients had experienced a previous SAH,
making interpretation of this result difficult. Although all of
the four patients who had changed their work role follow-
ing UIA treatment had returned to their normal work role
after their previous SAH, it is possible that the cumulative
physical and cognitive effects and psychological sequelae
of the previous SAH and treatment, plus the treatment for
the UIA, influenced their decision to reduce their work stress.
In addition, in three cases where patients had changed their
work role from a role that involved heavy lifting to a role
with lighter duties, it is possible that this change was viewed
as a positive lifestyle change by the patient.

It should however be noted that one of the patients who
indicated he was no longer working as a result of the UIA
treatment was also one of the two patients who experienced
a significant profile of cognitive deficits following treat-
ment, according to the RCI analysis. The other patient who
experienced a significant profile of cognitive deficits was
of retirement age and therefore had not been working prior
to treatment. Additional investigation of the causes for
changes in work status is clearly needed before further con-
clusions can be reached. However, as Ogden et al. (1994)
noted, while many “extraneous” factors may account for

observed reductions in work status, it is most likely that an
interaction of several factors, including the previous SAH
and the current treatment, result in the observed reduction.

Study Limitations

As noted by Chelune (2002), the selection of a control group,
or reference group, defines a set of assumptions and con-
strains the conclusions that can be drawn from any study.
One of the major assumptions of control group selection is
that the control group and experimental group are matched
on all variables except the treatment, and therefore any dif-
ferences between the two groups can be attributed to the
effect of the treatment. While other options were consid-
ered, for the purposes of this study, a group of matched
healthy controls was ultimately selected. While it is acknowl-
edged that the use of a healthy control group may be criti-
cized, it is also worth noting that when they are drawn from
friends or relatives of the experimental group, they can pro-
vide an optimal method of controlling for practice effects
(Slade et al., 2001). However, one major limitation of the
control group in this study needs to be acknowledged. While
every attempt was made to select well matched patients, as
a group, the control group was significantly better educated
than the experimental group, although they did not differ
significantly on one baseline measure of verbal intelligence
(Spot the Word score).

Finally, three cautions need to be made with respect to
these conclusions. First, as noted earlier, small sample sizes,
limited effect size statistics, and associated loss of power
may have limited the ability of the study to detect signifi-
cant deficits. Second, the small sample size also limited the
ability of the study to compare outcome in clipped and
coiled cases, and with this acknowledged that these two
different procedures may produce different outcomes. Third,
the design of the study does not permit the definitive attri-
bution of deficits to unique aspects of aneurysm treatment,
with the possibility of deficits in some patients being a
result of other more general aspects of treatment, such as
the effects of anesthesia.

CONCLUSIONS

No deaths followed UIA treatment. At 10 weeks post treat-
ment, 5% (1 case) was assessed as having neurological mor-
bidity on the GOS or Rankin as a result of the UIA treatment.
This patient suffered a CVA as a result of his aneurysm
clipping, but at six months only a mild limb deficit was
noted and he was given GOS and Rankin scores of “1.”
Therefore, six-month neurological morbidity in our study is
nil. Reliability of change analysis of the neuropsycho-
logical data did reveal a pattern of cognitive deficits in 10%
(2 cases). Cognitive decline was noted in the patient with
the CVA, who had not had a previous SAH, and in one
patient who had experienced a previous SAH but who had
been assessed as neurologically unimpaired on the GOS
and Rankin at 10 weeks. This patient had three UIAs clipped
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in one procedure, which may have exposed him to greater
risk of cerebral damage from the surgery or the anaesthetic.
Ten percent of cases also experienced significant improve-
ment following treatment, with this effect partly due to ongo-
ing recovery of function following a previous SAH, and
also being partly due to relieving symptoms of mass affect
associated with UIAs. Finally, 25% (5 cases) of patients
reported they had changed their work role as a result of
their UIA treatment.
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