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Long-term cognitive deficits in patients after
surgery on aneurysms of the anterior
communicating artery

Lynley M Stenhouse, Robert G Knight, Barry E Longmore, Samir N Bishara

Abstract
The long term recovery of a series of 27
patients who had undergone rupture and
repair of an aneurysm of the anterior
communicating artery was assessed
using a number of neuropsychological
measures. Testing took place 12 to 84
months post surgery. On the basis of the
results from tests of intellect, memory,
and conceptual learning, three sub-
groups of patients were identified: those
with persuasive cognitive defects, those
with evidence of residual frontal lobe
damage and those who showed no
evidence of dysfunction. The occurrence
of cerebral vasospasm was the most con-
sistent predictor of long term cognitive
deficit.
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Patients surviving an aneurysmal subarach-
noid haemorrhage (SAH) with no clinical
signs of neurological impairment may,
however, show evidence of cognitive dysfunc-
tion on standardised neuropsychological
tests.'" For example, Ljunggren et al6 found
neuropsychological deficits in 83% of patients
tested an average of 3-5 years after an SAH,
with memory loss being the most common

deficit. Although estimates of the incidence of
persisting deficits in cognition are lower in
other studies,27 it is apparent that detectable
cognitive impairment is a common result of
SAH. The nature and severity of neuro-

psychological deficit is dependent on the artery
affected. Ruptures of aneurysms of the internal
carotid or middle cerebral artery frequently
cause pronounced aphasic, spatial, and
memory impairments.' Aneurysmal rupture
involving the anterior communicating artery
frequently results in persistent memory
problems and personality changes.5" In par-
ticular, severe amnesic deficits have been
reported in patients who have had surgical
repair of ruptured aneurysms arising from the
anterior communicating artery (ACoA).'1-6
As well as being a common site for the

development of aneurysms, the ACoA is nota-
ble for the considerable number of anomalous
variations to normal anatomy that occur.7 18

In addition, numerous small perforating
arteries arise from the ACoA. The preserva-
tion of these presents the neurosurgeon with a

considerable challenge, even though the
application of microsurgical techniques and
other advances in neurosurgical techniques
and in neuroanaesthesia, have substantially

reduced the incidence of mortality and mor-
bidity."

Neurological damage following ACoA
aneurysm rupture may be a consequence of
ischaemia and infarction in the territories of
the anterior cerebral artery or the ACoA
perforating branches, or raised intracranial
pressure from intracerebral bleeding, brain
swelling, or hydrocephalus.'9 Ischaemia and
infarction are often a consequence of cerebral
vasospasm, a common pre- or postoperative
complication.20 It is not surprising therefore
that survivors of the rupture and consequent
surgery do not always return to their premor-
bid level of functioning and may be left with
profound changes in their personality or cog-
nition. The global amnesic syndrome, which
has been reported in some patients surviving
ACoA aneurysm rupture, has been of par-
ticular interest.'0 1-16 The principal reason for
this is that the amnesia appears to be a sequel
of damage to structures in the basal
forebrain,'3 an important segment of the dien-
cephalic-limbic memory circuit proposed by
Mishkin et al.2 22 The pattern of amnesic
deficits is similar in quality to that shown by
alcoholic Korsakoff patients. In particular,
both alcoholic Korsakoff and ACoA aneurys-
mal amnesics show a greater incidence of
confabulation, and dysfunction on memory/
learning tasks associated with frontal lobe
damage (such as conceptual learning, recency
discrimination, and temporal sequencing),
than those with global amnesia with lesions
primarily confined to limbic structures in the
temporal lobes.'014 15 It is apparent also that
patients recovering from ACoA aneurysm
rupture may show signs of intellectual
deterioration and deficits on tasks measuring
putative frontal lobe functions, independently
of, or in addition to their memory deficits.
Although psychometric data on ACoA

aneurysm rupture patients are available,
results tend to be presented for subjects who
have been selected because they have establi-
shed cognitive deficits,'0 14 23 many of whom are
tested in the first few weeks or months after
surgery. An exception are two studies of the
incidence and severity of persistent intellec-
tual and memory deficits in patients surviving
a rupture of an ACoA aneurysm.2425 Neither
study, however, incorporated an age matched
control group, nor were tests likely to be
specifically sensitive to frontal damage
included in the assessment battery. Our aim
was to report the incidence of cognitive deficits
in a series of 27 unselected patients tested
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more than 12 months after surgical repair of
an ACoA aneurysm rupture and, where possi-
ble, to relate such deficits to pre- and post-
operative variables.

Patients and methods
The files of all patients who had undergone
rupture and surgical repair of an ACoA
aneurysm at the neurosurgical unit of Dun-
edin Hospital between August 1980 and
August 1987, were reviewed. Of the total of 47
patients who had had surgery, two had sub-
sequently died (one postoperatively and the
other of carcinoma of the colon 3 5 years after
the operation). A further 15 patients were
excluded from follow up for reasons which
included: premorbid history of psychiatric
disturbance or mental retardation, deafness,
age more than 70 years at the time of follow
up, or were no longer able to be contacted.
Letters were sent to the remaining 30 patients,
inviting them to take part in the study. A total
of 27 patients aged between 33 and 70 years
aqgreed to participate. The average (SD) age of
the patients was 55 2 (10-7) years; 13 were
male, 14 were female. They had an average of
1042 (1-25) years formal school education.
The average length of time since surgery at
follow up was 54-2 months (range = 12 to 84
months). All patients were graded at the time
of operation using the Hunt and Hess scale.26
The preoperative grades were I for seven

patients, II for 15, and III for five patients.
Essentially, the same operation was performed
for all 27 subjects by the same neurosurgeon
(SNB). The side of approach was on the right
for 14 patients, and on the left for 13 patients.
The neck of the aneurysm was satisfactorily
clipped in each case.
A control group of 20 volunteers with no

history of neurological or psychiatric disorder
was recruited from among the spouses of the
patients and from local service groups. This
group was matched for age [average 55-1
(10-99) years], and years of school education
[average 10-5 (1-09) years]. There were 10
males and 10 females in the sample. Both
groups were also matched for performance on

the National Adult Reading Test (NART).2"
This is a measure comprising 50 words of
irregular pronunciation (for example, thyme,
demesne), which the subject is requested to
read aloud. The number of pronunciation
errors provides an index used to estimate
premorbid IQ level. The two groups did not

differ in their average NART estimated IQ
scores (table 1), t = 0-66, p = 0 3, implying
that the matching for premorbid cognitive/
educational factors was successful.
During the testing session, all subjects com-

pleted the following measures: Four subtests
of the Wechsler Adult Intelligence Scale
(WAIS; Picture Arrangement, Block Design,
Vocabulary, and Arithmetic28), the Wechsler
Memory Scale29 (WMS), the NART, and the
Wisconsin Card Sorting Test30 (WCST). For
each subject, a Full Scale IQ (FSIQ) based on
the 4-subtest short-form of the WAIS and a
WMS Memory Quotient (MQ), were cal-
culated.

Results
Means and standard deviations for neuropsy-
chological tests are presented in table 1. These
results are based on data from 25 patients; two
of the 27 subjects were unable to complete the
tests. One patient (case 26) was unwilling to
attempt some tests. Time constraints preven-
ted completion of testing of the second patient
(case 9). The individual results of the 27
aneurysm patients are discussed in more detail
below. Of the 25 patients included in the group
data, four patients (cases 18, 19, 20 and 27)
were unable to attempt all the tests used. The
WAIS could not be administered to case 18
because of severe visual impairment. Cases 19
and 20 were unable to carry out the WCST
because the severity of their cognitive impair-
ment was such that they could not understand
the test instructions. Case 27 was so severely
impaired that she could attempt only the
NART and the WMS.
The WAIS IQ scores did not significantly

discriminate between the two. groups,
t 153, p < 0-07, although the patient
group's mean score was some five points lower
than that of the comparison group. The dif-
ference between the premorbid IQ estimate
provided by the NART and the current IQ
estimate obtained from the WAIS, was cal-
culated for each subject for use as an index of
intellectual deterioration. The mean IQ
deterioration scores (table 1) ofthe surgical and
control groups were significantly different,
t = 2-56,p < 0*01. A deterioration score of 15
(one SD ofthe IQ scale) is generally accepted as

suggesting clinically significant deterioration.
In this case, the mean deterioration score of the
patient group, which was 4-6 IQ points, lay well
above the cut off score of 15. On average

Table 1 Means and standard deviations of the neuropsychological test scores

ACoA patients (n = 25) Controls (n = 20)
M SD M SD

WAIS IQ 1070 11-4 1118 8-7
NART IQ 111-8 6-0 110-6 6.7
IQ Deterioration 4-6 8-7 1-6 7-7
WMS MQ 107 8 15 9 1228 16-7

Logical Memory 8-3 3-1 10-9 2-8
Associate Learning 12-0 4-6 15-4 3 1

WCST Categories 3-2 2-1 4-7 1 5
WCST Perseverative Responses 36 4 34 0 17 9 12-3

Note: WAIS - Wechsler Adult Intelligence Scale; NART - National Adult Reading Test; WMS - Wechsler Memory Scale;
WCST - Wisconsin Card Sorting Test.
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therefore the surgical group did not show
evidence of a clinically significant level of
dementia using this particular index.
On the WMS, the between group MQ score

difference was significant, t = 3 06, p < 0-01,
as were the differences on the two subtests ofthe
WMS measuring verbal memory: Logical
Memory, t = 2 93, p < 0-01, and Associate
Learning, t = 2-82, p < 0-01. On the WCST,
the aneurysm patients made significantly fewer
successful category shifts, t = 2-44, p < 0-01,
and more perseverative responses, t = 2 34,
p < 0-01.
The group mean scores, however, disguise

important individual differences among the
aneurysm patients. Results from individual
cases were therefore examined in more detail.
For each neuropsychological measure, criteria
for test performance strongly indicating
impairment were formulated as follows:
intellectual deterioration was defined as a dif-
ference score between the NART IQ and
WAIS IQ of 15 or more points (that is, greater
than one standard deviation on the IQ scale). A
total of five surgical patients, but no control
subjects, met this criterion for intellectual
deterioration. Memory impairment was defined
as either a difference between NART IQ and
WMS IQ of 15 or more points or an absolute
MQ score lower than 85 (one standard devia-
tion below the MQ mean of 100). Seven
aneurysm patients met one or both of these
standards. One control subject had a NART
IQ-MQ difference of 16 points. Finally, a

pathological score on theWCST was defined as
either a failure to learn three or more categories
or the commission of 30 or more perseverative
responses. One control subject scored in the
pathological range on both criteria (learning
two categories and making 34 perseverative
responses), and a further five learned at least
three categories, but made more than 30 per-

severative errors. Eleven surgical patients per-
formed below the cut offstandards, 10 failing on
both criteria. A further three patients were
unable to attempt the test, as mentioned
previously, because of their degree of cognitive
impairment.

In table 2, we present the individual test
scores for the 27 surgical patients. Scores
defined as pathological in terms of the criteria
above are denoted by an asterisk. Results are
presented in detail to allow the possible
application of different criteria by other
researchers. The case results have been ranked
and grouped according to the range of deficits
the patients showed. In table 2, UA indicates
that a particular subject was unable to attempt a
particular test because oftheir level ofcognitive
deficit. For example, testing was abandoned for
cases 19, 20, and 27 on the WCST when it
became clear that they were unable to under-
stand the nature of the test and were sorting
cards at random. NC denotes a test not com-
pleted for reasons not indicative of cognitive
impairment. Two cases, 26 and 9, are grouped
together and were labelled "unclassifiable"
because of incomplete testing. Case 26 dis-
played clear signs ofdysmnesia but was unwill-
ing to complete testing on the WCST. Case 9
had a history ofpoor social adjustment starting
after the operation, but showed no evidence of
intellectual or memory decline. She was,
however, unable to undertake the WCST for
reasons unrelated to any neuropsychological
impairment.
The first six patients listed in table 2 were

classified as having test results suggesting
"pervasive global impairment". All six either
could not undertake or performed poorly on
theWCST. The first four cases showed marked
deficits on the WMS, having scores well below
their IQ estimates and more than one standard
deviation below the mean of the WMS. The

Table 2 Individual test resultsfor the ACoA patient group (n = 27)

NART WAIS IQ WMS WCST
Case IQ IQ Difference MQ Categories Persev. Resp.

(a) Pervasive Global Impairment
27 98 UA UA* 59* UA* UA*
20 99 81 18* 79* UA* UA*
21 111 96 15* 76* 3 51*
17 107 92 15* 83* 0* 32*
25 120 107 13 103* 1* 36*
19 114 97 17* 99* UA* UA*
(b) Unclassified
26 92 90 2 77* NC NC
9 108 104 4 101 NC NC

(c) Focal Frontal deficits
13 113 99 14 108 0* 124*
14 118 123 0 143 2* 51*
23 113 102 11 100 0* 125*

1 116 128 0 114 1* 34*
7 109 99 10 96 2* 56*
8 119 119 0 106 2* 29
12 109 102 7 108 3 45*
24 106 106 0 143 3 70*
(d) Recovered
2 115 119 0 122 3 17
3 117 112 5 122 4 8
4 121 113 8 116 6 14
5 108 115 0 106 6 10
6 110 95 15* 137 6 1
10 120 124 0 126 6 3
11 102 104 0 106 4 21
15 108 112 0 118 6 3
16 115 112 3 105 6 17
18 96 UA UA UA 3 29
22 104 105 0 108 3 24

Note: *Denotes scores indicative of impairment. UA = Unable to attempt test; NC = Test not completed.

911

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.54.10.909 on 1 O

ctober 1991. D
ow

nloaded from
 

http://jnnp.bmj.com/


Stenhouse, Knight, Longmore, Bishara

NART IQ - WAIS IQ differences were also
significant in four of the cases, approached
significance for case 25, and were undetermined
for the patient who presented clinically as the
most severely impaired (case 27). A second
group of six patients (cases 13 to 8) showed
evidence of deficit on the WCST. There is
considerable evidence available to suggest that
poor performance on this test is indicative of
frontal lobe damage,303' therefore, this group

comprised subjects who might be described as:

"Impaired with signs of focal frontal lobe
damage". Interestingly, three of these patients
reported significant memory problems during
the period of their recovery. Case 7, for exam-
ple, was unable to return to his job as a truck
driver because of his inability to remember
schedules of deliveries. Case 1 had considerable
difficulty learning to find his way about in new
surroundings. Two further patients (cases 12
and 24) performed poorly on the WCST,
making a large number of perseverative res-

ponses but mastering at least three category
changes. For both these patients, there were

family or clinical reports of memory impair-
ment during recovery, but no evidence of
memory failure on the WMS. Of these eight
patients, six had CT-determined evidence of
infarction in the frontal lobes at the time of
surgery. In contrast only one of the 11 patients
designated below as recovered had similar
evidence of frontal lobe infarction. Finally,
there was a group of 11 patients for whom there
was no evidence of impairment on formal
testing or from informal clinical report; these

subjects were designated as "Recovered".
Unlike the preceding group of patients, only
one of the unimpaired subjects had evidence of
a frontal lobe infarction in the CT scan at the
time of surgery.
There were no significant correlations bet-

ween level of deficit and either age or length of
time since surgery. The cognitive outcome data
were further examined to determine the effects
of other potential causes of neurological
damage. Tables 3 (a), (b), and (c) report ages,

preoperative clinical grades, degrees of
preoperative cerebral vasospasm, and post-
operative complications for 24 of the patients
who completed the full test battery. Cases are

arranged according to cognitive outcome as

defined above: Table 3 (a) Pervasive Cognitive
Impairment; Table 3 (b) Presumed Focal
Frontal Lobe Impairment; and Table 3 (c)
Recovered.

It is clear from column 3 of the tables that
there was no relationship between clinical
grade immediately before surgery and cog-
nitive outcome in our sample. However, when
operation delay due to an unstable clinical state

was examined a clear relationship emerged. In
five of the six patients with pervasive global
impairment, surgery had been delayed until the
patient's condition was stable, whereas this had
occurred in only three of eight cases with
conceptual learning impairment and in one

of ten unimpaired cases. These proportions
differed significantly, chi-square = 8-61,
p < 0.025.
Examination of column 4 of tables 3 (a), (b),

Table 3(a) Cases ofpervasive global cognitive impairment

Hunt and Hess Cerebral Vasospasm* Post-Operative
Case Age grade (severity and distribution) complications

17 58 2 mild, focal wound infection
19 38 2 severe, diffuse nil
20 40 2 severe, diffuse hydrocephalus
21 50 3 severe, focal nil
25 68 1 nil nil
27 62 1 mild, focal hydrocephalus

*Vasospasm was recorded as severe only if the diameter of vessels was reduced by more than 50%.

Table 3(b) Cases of cognitive impairment suggestingfocalfrontal lobe lesions

Hunt and Hess Cerebral Vasospasm* Post-Operative
Case Age grade (severity and distribution) complications

1 47 2 mild, multi-focal extradural haematoma
7 45 3 severe, diffuse hydrocephalus
8 57 2 mild, diffuse nil
12 62 1 nil nil
13 58 1 nil nil
14 64 1 nil nil
23 64 2 mild, focal subdural haematoma
24 70 2 nil nil

Table 3(c) Cases with no measured cognitive impairment

Hunt and Hess Cerebral Vasospasm* Post-Operative
Case Age grade (severity and distribution) complications

2 67 3 nil nil
3 54 1 nil nil
4 69 3 nil nil
5 63 2 nil nil
6 51 2 nil wound infection
10 64 2 nil nil
11 45 2 severe, multifocal nil
15 33 1 nil nil
16 66 3 nil nil
18 51 2 severe, focal nil
22 41 2 nil nil
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and (c) suggests a strong relationship between
the presence of preoperative cerebral vaso-
spasm, observed in angiography, and cognitive
outcome. Angiographic studies were conduc-
ted on average seven days (range 2-11 days)
after the haemorrhage. Those patients whose
cognitive outcome was poor were more likely to
have had cerebral vasospasm (five of six cases),
than were those with conceptual learning
impairments (four of eight cases), or those
without deficits (one of ten cases). These
proportionsdifferedsignificantly,chi-square =
11-31, p < 0-005. The size of this sample was
too small to determine the influence of severity
and distribution of the vasospasm.

Postoperative complications were reported
in four of the twenty five cases and hydro-
cephalus treated by ventriculo-peritoneal
shunting developed in three patients. These
complications are noted in column five of tables
3 (a), (b), and (c). The relationship between
cognitive outcome and such complications is
not clear in our sample. What is apparent,
however, is that cerebral vasospasm, with or
without other complications, is associated with
cognitive impairment at long term follow up.
To illustrate the range of neurological

damage and surgical complications amongst
the three identifiable groups (Pervasive Cog-
nitive Impairment, Presumed Frontal Lobe
Impairment, and Recovered), three case his-
tories are presented.

Case 20 (Pervasive cognitive impairment): This
40 year old widow sustained a coma producing
subarachnoid haemorrhage. An unenhanced
CT head scan performed the following day
revealed a relatively thick layer of blood in all
the basal cisterns. On day 6 angiography was
carried out. This demonstrated a medium sized
multilobular anterior communicating aneur-
ysm projecting forwards. There was severe and
diffuse spasm. By day 15, communicating
hydrocephalus was revealed by the CT scan.
The aneurysm was clipped without incident
on day 20 post haemorrhage and external
ventricular drainage was established and
continued postoperatively for five days. Sub-
sequent angiography 18 days after the oper-
ation showed satisfactory obliteration of the
aneurysm and confirmed that the pre-existing
vasospasm had resolved completely. A subtle
decrease in her performance ability, less spon-
taneity, and easy distractibility just before
discharge caused some concern and a predis-
charge CT scan showed the ventricular size to
be greater than at any time previously. On day
47 a ventriculoperitoneal shunt was estab-
lished. The patient recovered well from this
operation and was discharged three weeks later.

Case 23 (Presumed frontal lobe impairment):
This 64 year old retired man developed a coma
producing subarachnoid haemorrhage. The
CT scan on day 2 revealed a sausage-shaped
5 x 2 x 15 'cm intracerebral haematoma in
the infero-medial part of the right frontal lobe,
surrounded by a rim ofhypodensity. There was
also a thick layer of subarachnoid blood.
Angiography on day 9 revealed a medium sized

anterior communicating aneurysm. The only
significant spasm was in the right Al segment of
the anterior cerebral artery. On day 10 post-
haemorrhage the aneurysm was clipped with-
out incident. The right frontal pole was excised
and the haematoma evacuated. Three days later
a postoperative subdural haematoma was
evacuated. The patient improved over the next
two weeks and was discharged five weeks later.

Case 3 (Good recovery): This 54 year old
foreman was admitted to hospital after a
subarachnoid haemorrhage that did not cause a
coma. The CT scan on day 2 revealed a diffuse
but thin layer of subarachnoid blood.
Angiography on day 10 revealed an almost
rounded medium-sized anterior communicat-
ing aneurysm projecting forwards and down-
wards. There was no spasm. The aneurysm was
clipped without incident on day 14 post
haemorrhage. The postoperative recovery was
uneventful.

Discussion
Results from the neuropsychological assess-
ment of the present series, confirm that long-
term cognitive deficits do occur in a significant
proportion of patients who have surgical repair
of ACoA aneurysm rupture. In our sample of
27 patients, a total of 11 (41%) showed no
demonstrable evidence of impairment and
could be designated as having made an
excellent recovery. The patients' reports, clin-
ical examination, and neuropsychological test-
ing suggested that they had returned to their
premorbid level of functioning, and had suf-
fered no social, psychological, or cognitive
consequences as a result of their subarachnoid
haemorrhage and its treatment. Indeed, all 11
patients were able to resume their premorbid
activities. These results are consistent with
previous reports describing the range of
outcome following ACoA aneurysmal rup-
ture. 116 24 25
On average, the ACoA ruptured aneurysm

patients showed a greater degree of intellectual
and memory deterioration than the control
group and their performance was poorer on the
WCST, a measure of conceptual learning. In
previous research there has been considerable
focus on the presence of amnesia in cases.
Three of our cases scored below 79 on the
WMS, within the range usually indicative of
severe memory impairment, and typical of the
scores of alcoholic Korsakoff patients.323' For
example, the average MQ score of a group of
non-demented Korsakoffpatients tested as part
of our research programme'2 was 76. However,
it is clear that specific dense amnesia, uncom-
plicated by other cognitive changes, is unusual
in cases of ACoA aneurysm rupture. Severe
amnesia more typically occurs in the presence
of concurrent and often severe intellectual
decline, as is apparent for the three impaired
cases in our sample, and the samples of ACoA
aneurysm amnesics reported by other research
workers.'0 12 5 A mild to moderate degree of
memory impairment, frequently complicated
by signs of frontal lobe damage (for example,
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poor WCST scores), is more typical of
aneurysmal cases. This conclusion is also cons-
istent with data reported by Mishkin" demon-
strating that monkeys with basal forebrain
lesions show memory impairments, but that
these are not as severe as for monkeys with
specific bilateral temporal lobe or diencephalic
lesions.

Analysis of the individual results revealed
two putative groups of impaired subjects. The
first group showed global impairment and their
case notes revealed a greater incidence of
vasospasm. The patients in this group did not
make a good recovery and most showed the
signs of poor social adjustment or cognitive
decline in their everyday lives. In three patients
there was moderate or severe impairment of
social functioning; in four others, emotional or
personality changes were reported including
lability, disinhibition, and inconsistent motiva-
tion. The second group performed poorly on
the WCST. This well known test is a par-
ticularly useful measure of perseveration and
failure to shift mental sets, deficits found to be
particularly characteristic of patients with dif-
fuse or frontal lobe lesions. Patients in the
aneurysmal sample were particularly deficient
on this test. In all, 14 of the 25 surgical patients
who attempted this test were impaired.
There are several potential causes of cerebral

damage after ACoA aneurysm rupture and
repair. These include: generalised vasospasm
with ischaemia or infarction, haemorrhagic
infarction of the frontal lobe following retrac-
tion during surgical intervention, and hernia-
tion of the mesial temporal lobes as a result of
post operative brain swelling and hydro-
cephalus.9"3 The most frequent mechanism of
cerebral damage in our sample was ischaemia
presumably resulting from vasospasm. The
data reported here add to the accumulating
evidence that suggests that vasospasm alone
can produce long term cognitive impair-
ment. 1633 Our sample was too small to comment
on the effects of the other potential mechanisms
with any certainty.

Ischaemia from vasospasm does not always
cause the complete destruction of cortical and
subcortical matter typically observed after
arteri& occlusion,20 but will cause neuronal
damage by depressing metabolism."4 There-
fore, neurological damage sufficient to cause
global cognitive impairment may not always be
seen on CT scan."5
Our results suggest that after memory deficits

have resolved, substantial impairment of func-
tion attributable to frontal lobe damage may
remain. This is much more likely when there
has been cerebral vasospasm in vessels supply-
ing this part of the brain.
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