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Aim To evaluate long-term cognitive consequences of subarachnoid hem-
orrhage with good outcome and the opinion of patients and their relatives

about these consequences.

Methods The study included 10 patients surgically treated for subarach-
noid hemorrhage due to the rupture of aneurysm of the anterior commu-
nicatingartery 2 or more years earlier, and 10 age- and sex-matched healthy
controls. The preoperative and postoperative course in the patients was
uneventful. Clinical and psychosocial factors and cognitive status of the
patients were assessed by use of checklists and neuropsychological tests for
executive functions, attention, and memory,-and event-related potential
recordings (waves P3a and P3b) with tree-stimulus auditory oddball para-
digm, which was also performed in healthy controls.

Results The number of reported cognitive problems negatively correlated
with the patients’ level of community integration (p range, -0.22 to -0.75).
The average neuropsychological results ranged between the 12th and 46th
percentile. Impaired results were found in 7 patients across different tests
and were most frequent for visual memory, followed by verbal memory and
executive functions. A clear decline in cognitive functioning was observed
in 3 patients. Neither P3a nor P3b wave could be found in 3 patients. In
comparison with controls, patients had significantly longer P3b wave la-
tencies (364 vs 334 ms; Mann-Whitney U test, P=0.025). We found sta-
tistically non-significant, but still prominent negative correlations between
the sustained attention results and latencies of P3a (p=-0.58; P=0.172)
and P3b (p=-0.58; P=0.172) waves.

Conclusion Despite good outcome after subarachnoid hemorrhage, per-
sistent cognitive consequences were still manifest, limiting the patients’
psychosocial functioning. The correlation between neuropsychological and
neurophysiological measures indicated frontal lobe damage, which in some

patients persisted for years after the hemorrhage.
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Aneurysmal subarachnoid hemorrhage leaves
around 50% of the patients permanently dis-
abled (1), with the same percentage unable ever
to return to the same level of work they had had
before the event (2). Cognitive dysfunction, a
common consequence of aneurysmal subarach-
noid hemorrhage (3), is present to various de-
grees even in patients with good outcomes and
without neurological deficits (4), causing con-
siderable distress not only to the patients them-
selves, but also to their families. The persistence
of cognitive dysfunction can have a profound in-
fluence on the rehabilitation process and social
and occupational reintegration of the patients.

Patients may experience deficits in executive
functions, memory, psychomotor speed, atten-
tion, visuospatial abilities, and other cognitive
domains (3;5-7). The typical pattern is thought
to be mild-to-moderate dysfunction across mul-
tiple cognitive domains (8,9), although some
studies have confirmed only severe impairment
in a subset of patients rather than mild-to-mod-
erate impairment in most of them (3).

Reports on different patterns of cognitive
deficit, depending on the site of the aneurysm,
are inconsistent (3,10). Different patterns may
be present in patients with aneurysmal subarach-
noid hemotrhage in identical locations (11). Ear-
lier studies that explored cognitive deficits af-
ter subarachnoid hemeorrhage from the anterior
communicating artery (ACoA) described a spe-
cial “ACoA syndrome”, characterized by am-
nesia, personality changes, and confabulation as
the main symptoms (12-16), where damage to
particular anterior cerebral structures was a sus-
pected cause (14,15,17). However, other studies
did not find specific deficits in ACoA patients,
and a more diffuse pattern of brain damage
was thought to be responsible for the deficits
(9,18,19).

Accurate cognitive assessment of patients af-
ter aneurysmal subarachnoid hemorrhage could
improve treatment measures in the preopera-
tive and postoperative periods and help in accu-

rate guidance of rehabilitation. Previous studies
have not simultancously addressed patients’ and
relatives’ views of cognitive deficits, their level of
community integration, and the results of neu-
ropsychological and neurophysiological tests. In
this study, we explored long-term cognitive def-
icits in a small, selected group of patients with
good outcome after subarachnoid hemorrhage
due to the rupture of the anterior communicat-
ing artery aneurysm. Our aim was to determine
whether long-term changes in brain function-
ing could be detected with a simple and objective
method that could be of potential use at differ-
ent time points after subarachnoid hemorrhage,
and to determine if diminished cognitive capaci-
ties seen on neuropsychological test results were
also reflected in neurophysiological measure-
ments, since this could also provide some infor-
mation regarding localization and the degree of
brain damage.

Patients and methods

Patients

Ten right-handed patients (6 men and 4 wom-
en) were chosen from a pool of 66 consecutive
patients with solitary aneurysms of the anteri-
or communicating artery that had been oper-
ated over a 3-year period at the Department of
Neurosurgery, University Medical Center, Lju-
bljana, Slovenia. The patients had to meet the
following inclusion criteria: experience of spon-
taneous subarachnoid hemorrhage from the rup-
ture of the solitary non-giant aneurysm of the
anterior communicating artery at least 2 years
previously; good preoperative condition (grade
1, according to the World Federation of Neuro-
logical Surgeons) (20); aneurysm totally exclud-
ed by surgically placing a clip on the aneurysm’s
neck as confirmed on the control angjography;
no major postoperative complications; no clini-
cal vasospasm after operation; good outcome one

year after the surgery (grade 5 on Glasgow Out-
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Table 1. Clinical characteristics of the patients operated for subarachnoid hemorrhage*

Patient No. Age at operation ~ Time to operation (d)  Side of surgical approach

Preoperative head CT scan SAH grade

1 45 0 right
2 56 2 left

3 54 8 right
4 53 2 right
5 64 3 right
6 61 115 right
7 60 5 right
8 51 13 left

9 65 1 right
10 49 1 right

extensive SAH in basal cisterns and cortical sulci
SAH in basal cisterns and cortical sulci
no SAH, blood in CSF (lumbar puncture)
minimal SAH in basal cisterns

extensive SAH, interhemispheric frontal
hematoma, hematocephalus

no SAH, blood in CSF (lumbar puncture)
SAH in basal cisterns and cortical sulci
no SAH, blood in CSF (lumbar puncture)
interhemispheric frontal SAH

SAH in basal cisterns and cortical sulci

e N L S

NN =N =

*Abbreviations: d - days; CT — computerized tomography; SAH — subarachnoid hemorrhage (Fisher grade of subarachnoid hemorrhage; ref. 22); CSF - cerebrospinal fluid.

come Scale) (21); and no neurological or psychi-
atric disease before or after the surgery. The pur-
pose and course of the study was explained to all
patients. Special care was taken not to cause any
psychological stress or harm during the study.
The study was approved by the National Ethical
Committee.

The median age of patients at the time of op-
eration was 55 years (range, 45-65), and the me-
dian time interval between the operation and the
assessment was 41 months (range, 28-60) (Table
1). All patients were operated via the right pteri-
onal transsylvian approach, except for 2 patients
(No. 2 and 8) in whom the left pterional trans-
sylvian approach was used. All patients were op-
erated in the acute period, ie, within 14 days af-
ter subarachnoid hemorrhage, except for patient
No. 6 in whom the aneurysm-was clearly visible
only on control angiography performed a few
months after subarachnoid hemorrhage. Sub-
arachnoid hemorrhage was not visible on initial
computer tomography (CT) head scans in pa-
tients No. 3, 6, and 8, but was detected only by
lumbar puncture. The degree of subarachnoid
hemorrhage was mostly mild (grade 2 on the
Fisher scale) (22) in all patients, except in patient
No. 1 who had extensive subarachnoid hemor-
rhage and patient No. 5 who had extensive sub-
arachnoid hemorrhage, interhemispheric frontal
hematoma, and hematocephalus. Neither intra-
cerebral hematoma nor hematocephalus was vis-
ible in other patients.

The postoperative course was uneventful in
all patients. They had no neurological deficits at
discharge, except for patient No. 7, who devel-
oped transient palsy of the cranial nerve III that
disappeared several months after the operation.
The postoperative CT scans of the head showed
improvement in all patients, with the resolution
of blood. No hydrocephalus developed, and none
of the patients needed ventricular drainage.

During the course of the study, 7 patients
were receiving antihypertensive medications (pa-
tients No. 3-8 and.10), 2 were on oral antidia-
betic medications (patients No. 1 and 3), and
one patient was taking thyroid replacement ther-
apy due to the hypothyroidism (patient No. 9).
Blood glucose concentration was well-controlled
and within normal limits for the two patients on
antidiabetic medications, and so was the concen-
tration of thyroid hormones in one patient treat-
ed for hypothyroidism. The levels of blood pres-
sure were also well-controlled and within normal
limits. None of the patients was receiving medi-
cations for depression or anxiety disorders. No
major effect was expected from the medications
on the cognitive functioning of patients.

The group of relatives consisted of patients’
husbands or wives (one relative of each patient),
aged between 43 and 71 years (median, 57). Pa-
tient No. 8 lived alone and no relative’s report
was obtained for him.

For neurophysiological measurements, a con-

trol group of 10 healthy individuals (6 men and
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4 women) was used for comparison. The medi-
an age of healthy controls was 57.5 years (range,
49-73) and median duration of education was 12
years (range, 8-16). There were no significant dif-
ferences between the patient and control group
in age and duration of education.

Community integration and cognitive deficits after

subarachnoid hemorrhage

Patients’ employment after operation was noted
on the initial interview before the neuropsycho-
logical and neurophysiological assessment. The
patients graded the severity of their disease on a
4-point scale — mild, moderate, severe, or very se-
vere. They filled out the Community Integration
Questionnaire (CIQ) (23), a structured ques-
tionnaire with 15 items covering various aspects
of home, social, educational, and work integra-
tion. The overall CIQ score is the sum of scores
from the individual questions and can range
from 0 to 29; a higher score indicates better qual-
ity of integration. The patients also evaluated the
decrease in their ability to work after subarach-
noid hemorrhage, because it was not addressed
in the CIQ.

Patients and their relatives completed ‘the
Cognitive Symptom Checklists (24) for prob-
lems with executive functions, memory, and at-
tention. Vatious everyday problems were listed
on the checklist, and patients simply had to note
whether or not they had a problem. The rela-
tives did the same, evaluating patients’” problems.
The total number of complaints on each of the
3 checklists was divided by the total number of
possible complaints and expressed as a percent-
age of possible complaints.

Neuropsychological assessment

A battery of standardized neuropsychological
tests was applied to all patients.

Wisconsin Card Sorting Test (25) involves
sorting of cards according to one of three catego-
ries (color, form, or number). The test was used
to estimate cognitive flexibility, problem-solving,

set shifting, conceptualization, and persevera-
tion. Total errors, perseverative responses, perse-
verative errors, and non-perseverative errors were
evaluated.

On Tower of London Test (26), a subject
has to match the model of configurations on the
examiner’s tower board consisting of three pegs
and three beads, taking into account some pre-
defined rules. In particular, the ability to plan
was assessed. The total move score, ie, minimum
number of moves to accomplish the task, and to-
tal problem-solving time were evaluated.

A broad range of memory functions was as-
sessed with Williams Memory Assessment Scales
(27). Several subscales for verbal and visual at-
tention were used. The following subscales were
used to assess verbal attention: verbal span (to re-
member a series of numbers and repeat them in
the exact and reverse orders); list acquisition (to
remember a list of words across multiple trials);
list recall (to recall the list of words after a short
period of time); delayed list recall (to recall the
list of words after a longer period of time); im-
mediate prose recall (to recall details from a short
story after a brief period of time), and delayed
prose recall (to recall details from a short story af-
ter a longer period of time). Visual memory was
assessed with the following subscales: visual span
(to recall the position and correct order of the
objects on the stimulus card); immediate names-
faces (to remember the names of people in a se-
ries of ten photographs); delayed names-faces (to
choose the proper names for people from among
three offered names for a series of previously pre-
sented photographs); visual reproduction (to
draw previously presented designs); immediate
visual recognition (to decide whether a given de-
sign is similar to or different from one memo-
rized previously) and delayed visual recognition
(to recognize previously presented designs from a
larger series after a longer period).

The following tests were used to evaluate at-
tention: Stroop Color and Word test (28), D2
Test of Attention (29) to assess selective atten-




tion, and Color Trail Test (30) to assess the abil-
ity to maintain sustained visual attention.

All test results were compared to the pub-
lished norms, taking into account both the age
and educational level of the patient, and were ex-
pressed on a percentile scale. Years of formal edu-
cation also served as an adjunct to determine the
approximate level of premorbid cognitive func-
tioning,

Event-related potential recordings

A three-stimulus auditory oddball paradigm was
used (31-33) according to the standard protocol
used at the Institute of Clinical Neurophysiolo-
gy, University Medical Center, Ljubljana. Event-
related potentials (ERPs) were recorded at the
time of neuropsychological testing, using 10 scalp
electrodes: a ground electrode referenced to bal-
anced linked-earlobe electrodes, three electrodes
placed at Fz, Cz, and Pz, and two electrodes on
each side for elimination of eye artifacts. The au-
ditory oddball paradigm consisted of three tones
administered randomly: frequent stimuli of 1000
Hz, rare non-target stimuli of 500 Hz, and rare
target stimuli of 2000 Hz. Patients had to press
the button whenever 2000 Hz stimuli appeared.
One trial consisted of 150 stimuli.The record-
ings for each subject were repeated twice.

Each ERP component was identified accord-
ing to its polarity, latency, and scalp distribu-
tion. The components of the carly waves were
measured in the Cz band of the ERP for the tar-
get stimuli. The first positive deflection was la-
beled P1, and the first negative deflection was la-
beled N1. The first positive deflection following
N1 was labeled P2, and the second negative de-
flection was labeled N2. A positive deflection re-
corded in the Fz band of the non-target stimuli
that occurred after N2 was labeled P3a. A posi-
tive deflection recorded in the Pz band of the tar-
get stimuli that occurred after N2 was labeled
P3b. The amplitudes of the ERP waves were de-
termined with respect to the mean EEG baseline,

and peak-to-peak values were calculated. P3a
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or P3b waves were considered non-identifiable
when they could not be clearly distinguished.
The latencies and amplitudes of the ERPs in our
group of patients were compared to the control

group described before.

Statistical analysis

Due to the small sample size, median and range
were used as measures of central tendency and
variability. Mann-Whitney U test was used for
comparison between two different groups of sub-
jects and Wilcoxon Signed Ranks Test was used
for comparison between pairs of variables in the
same group of subjects. Spearman’s rho (p) cor-
relation coefficients were calculated to access as-
sociation between pairs of variables. P<0.05 was
considered  statistically significant. ' Statistical
analysis was performed with Statistical Package
for Social Sciences, version 10.0 (SPSS Inc., Chi-
cago, IL, USA) for Windows.

Results

Neither the craniotemy side nor the time from
the onset of subarachnoid hemorrhage to the op-
eration had a major impact on postoperative cog-
nitive performance. We expected that patients
with left-sided (dominant side) craniotomy (pa-
tients No. 2 and 8; Table 1) would have worse
cognitive performance, but we did not prove this,
since both patients had impaired results only on
a few of the neuropsychological tests. The corre-
lations between the time from the onset of sub-
arachnoid hemorrhage to the operation and the
neuropsychological test results were all not sig-
nificant (p range, -0.42 to 0.66). Patient No. 6
was excluded from this analysis, since he was not
operated in the acute period after hemorrhage.
No significant correlation between the length
of time from the operation to testing (see Table
2) and the neuropsychological test results was
found (p range, -0.36 to 0.56; Table 2).

The median duration of formal education
of patients was 11.5 years (range, 8-12), simi-

257



258

Croat Med ] 2006;47:253-263

lar to that of their relatives (Table 2). Most pa-
tients were either retired or unemployed before
subarachnoid hemorrhage. Only one patient
(patient No. 5) reported undiminished work
capacity after subarachnoid hemorrhage; all oth-
ers reported it to be decreased. The CIQ score
ranged between 6 and 22 (median, 14.5), show-
ing a variable level of community integration af-
ter subarachnoid hemorrhage. Of the two pa-
tients who had been employed before the event,
one retained the same position at work and had
the highest CIQ score in the group, while the
other who had to retire after the subarachnoid
hemorrhage had the second lowest CIQ score in
the group (Table 2). This showed that their work
status was related to their level of community in-
tegration.

Most. patients self-evaluated their disease as
severe or very severe (Table 3). Only patient No.
2 graded the severity of his disease as moderate,
and patient No. 9 graded it as mild. Great vari-

ability in the patients’ and relatives’ reporting of
problems was found, from none to many. Both
patients and relatives most frequently report-
ed problems with attention. Patients had more
complaints than their relatives for all cognitive
domains. The correlation between patients’” and
relatives’ reports was not significant (p=048,
P=0.191 for executive functions; p=047,
P=0.202 for memory; and p=0.34, P=0.376
for attention). The correlations between the re-
sults on cognitive symptom checklists of both
patients and relatives and the degree of commu-
nity integration according to the results on CIQ
ranged between p=-0.22 and p=-0.75. Patients
reported significantly more attention problems
than their relatives (P=0.019).

Neuropsychological testing

Visual memory was most frequently affected, fol-
lowed by verbal memory and executive functions
(Table 4). Severe neuropsychological dysfunc-

Table 2. Level of education of patients with subarachnoid hemorrhage and their relatives, employment after subarachnoid hemorrhage,

and Community Integration Questionnaire results*

Patient Relative

Patient No. education level employment clQ operation-to-testing time (mo) relation education level
1 1 unemployed before SAH 6 37 wife 1
2 12 unemployed before SAH 12 43 wife 12
3 12 retired before SAH 15 36 husband 1
4 10 retired before SAH 19 35 husband 1
5 12 retired before SAH 17 57 wife 16
6 1 retired before SAH 1 44 wife 14
7 8 retired after SAH 9 60 wife 8
8 12 same employment 22 39 single

9 12 retired before SAH 18 28 husband 12
10 8 retired before SAH 14 43 husband 8

*Abbreviations: CIQ — Community Integration Questionnaire (23); SAH — subarachnoid hemorrhage.

Table 3. Patients’ and relatives’ reports on the patients’ cognitive problems after subarachnoid hemorrhage

Report (%)*

patients relatives

Patient No. self-evaluated severity of disease  executive function ~ memory attention executive function  memory attention
1 severe 45 59 73 21 22 32

2 moderate 7 7 31 8 5 34

3 very severe 7 1 34 0 1 0

4 severe 17 14 25 1 0 5

5 moderate 0 0 2 5 4 2

6 severe 0 0 2 0 0 20

7 very severe 12 22 46 0 6 12

8 very severe 4 14 27 single single single
9 mild 5 4 17 0 0 0

10 very severe 12 6 27 18 5 10
Median (range) 7 (0-45) 6.5(0-59) 27 (2-73) 1(0-21) 5(0-22)  10(0-34)

*Percentage of the total number of possible complaints.
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Table 4. Findings of different neuropsychological tests in pati-

ents surgically treated for subarachnoid hemorrhage

Median No. of patient with
percentile impaired results

Neuropsychological aspect* (range) <10th percentile
Executive functions:

WCST - total errors 135(1-90) 1,5,9,10

WCST - perseverative responses 24 (1-90) 1,5,9,10

WCST - perseverative errors 24 (1-87) 1,9

WCST - non-perseverative errors 9.5 (1-87) 1,4,5,9,10

TOL - total move score 16 (1-94) 1,3,5,9

TOL - total problem-solving time 225(1-66) 1,3,7,9
Attention:

Color Trail Test (form A) 55(1-79)  1,5,7,9,10

Color Trail Test (form B) 28 (1-73) 1,6,9

D2 - total number minus errors 27 (2-68) 1,6,

D2 - errors (%) 48 (4-79) 3

Stroop — words 21 (1-50) 1,6,7

Stroop - colors 225(1-58) 1,6

Stroop - interference 46 (4-88) 1,3
Verbal memory:

verbal span 16 (0-63) 1,2,3,4

list acquisition 125(2-63) 1,3,57,8

list recall 125(1-84) 1,3,4,5,7

delayed list recall 125(0-95) 1,3,4,57

immediate prose recall 31(2-91) 1,3,5

delayed prose recall 205(291) 1,3,5
Visual memory:

visual span 125(1-50) 1,4,5,8,10

immediate names-faces 9 (0-91) 1,3,4,5,7,8,10

delayed names-faces 9 (1-50) 1,3,5,6,7,9,10

visual reproduction 125(0-75)  1,3,4,7,10

immediate visual recognition 25 (1-50) 1,7,9

delayed visual recognition 25 (0-99) 1,3

tients’ reports and the total time on Tower of
London Test (p=-0.51). Negative correlations
were also obtained between patients’ reports and
Stroop test results for attention (p range, -0.40 to
-0.44), and between patients’ reports and verbal
span results (p=-0.41) and visual reproduction
(p=-0.41) for memory. However, none of the
correlations reached statistical significance. Oth-
er correlations were low. Overall, no association
could be observed between the results of the neu-
ropsychological tests and patients’ reports from
the cognitive symptom checklists.

ERP results

ERPs from scalp electrodes for non-target and
target stimuli in patients and healthy controls

A W

Fz-nf*/\

Abbreviations: WCST — Wisconsin Card Sorting Test; TOL — Tower of London Test;
D2 - D2 Test of Attention.

tions across all cognitive domains were found in
only a single patient (patient No. 1) Additional-
ly, prominent dysfunction with-impairments on
many tests was present in 4 patients. Takinginto
consideration the years of edueation, a clear gen-
eral decline in cognitive functioning could be ob-
served only in patients 1, 3, and 5.

To test if patients memory performance
would improve when provided with organiza-
tional strategies, list recall was compared with
cued list recall, but no significant differences were
found (Wilcoxon signed-rank test; P=0.655).
Additionally, results showed significantly better
scores for list recognition than for list recall (Wil-
coxon signed-rank test; P=0.035).

The correlation between the neuropsycholog-
ical test results and patients’ reports on frequen-
cy of cognitive symptoms showed high negative
correlations for executive functions between pa-
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Fz SN g _\w‘\\;
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24
Pz ==
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Figure 1. Grand-averaged event-related potentials for patients after sub-
arachnoid hemorrhage (gray line) and controls (black line) for non-target (A)
and target (B) stimuli. The abscise shows time (ms) from the onset of stimuli;
ordinate shows voltage (1 mm=0.5 pV) in the three bands according to the
baseline (at time 0 ms the voltage is 0 pV in each band).
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were grand-averaged (Figure 1). Patients reaction
times for pressing the button when target stimuli
were presented were not significantly longer than
times when non-target stimuli were presented
(441 vs 374 ms, respectively; Mann-Whitney U-
test; P=0.131). Early ERP components (waves
N1, P2, and N2) could be identified in all con-
trols and patients, but there were no significant
differences in early ERP components (ampli-
tudes and latencies of waves N1, P2, and N2).

P3a wave could not be identified in one sub-
ject in the control group, but P3b wave was iden-
tified in all subjects in the control group. Neither
P3a wave nor P3b wave could be identified in 3
patients (patients No. 3, 7, and 10). P3a latencies
were not significantly longer in-patients when
compared with healthy controls (333 vs 322 ms).
In contrast, P3b latencies were significantly lon-
ger in the patients (364 vs 334 ms; Mann-Whit-
ney U-test; P=0.025) than in the control group.
Diffetences in peak-to-peak amplitudes of the
P3a and P3b waves between groups were not sta-
tistically significant.

The results of the neuropsychological tests
(percentile values) and the ERP results were
compared. The three patients in whom neither
P3a nor P3b waves could be observed had promi-
nent cognitive deficits (patients No. 3,7, and 10).
Prominent, although statistically insignificant,
were negative correlations between the result on
the form A (a series of numbers that had to be
connected in ascending order) of the Color Trail
Test and P3a latencies (p=-0.58; P=0.172) and
P3b waves (p=-0.58; P=0.172). Many positive,
although insignificant, higher correlations were
also observed between the P3a amplitude and
the results on both tests for executive functions.
All other correlations between neuropsycholog-
ical test results and late ERP components (P3a
and P3Db latencies and amplitudes) were mostly
low and statistically insignificant. The lack of sta-
tistical significance for some higher correlations
is attributable to the small sample size used.

Discussion

Our group of patients showed a mild degree of
long-term cognitive impairment. A clear cog-
nitive decline could be confirmed in only three
patients. Deficits in memory and executive
functions were observed most frequently. The
patients’ and relatives’ evaluation of cognitive
dysfunction was similar. Both patients and rela-
tives reported problems with attention most fre-
quently, but their reports also showed the great-
est variability in this domain. The reason could
be that the symptoms listed on a checklist for at-
tention were-not described clearly enough and
were only moderately related to everyday atten-
tion problems of our patients. Besides, neuropsy-
chological results on the attention tests were ac-
tually better than for other cognitive domains,
confirming the differences between listed symp-
toms and actual attention problems. The associ-
ation between self-rated cognitive dysfunction
and neuropsychological test results was weak. A
more profound self-rated. cognitive dysfunction
was associated with weaker community integra-
tion.

Impaired cognitive functioning was also evi-
dent in_neurophysiological measures where pa-
tients had significantly longer P3b latencies than
controls. Most correlations between neuropsy-
chological and neurophysiological results were
low and insignificant, which is probably a con-
sequence of many uncontrollable confounding
factors that can influence performance on neu-
ropsychological tests. Prominent (although insig-
nificant) correlations were found only between
one test of sustained attention and P3a and P3b
latencies, and many positive (although insignifi-
cant) correlations were observed between P3a
amplitudes and tests of executive functions.

Other studies found cognitive impairments
to be more prevalent (9,10,18,34,35). It might be
that our group of patients had greater advantages
in terms of clinical characteristics and outcome.
Moreover, our patients were tested at least 2 years




after subarachnoid hemorrhage, and it has been
established that the cognitive profile following
ACoA rupture improves with time (36). Other
studies that examined similar groups of patients
also reported neuropsychological consequences
to be more favorable (37). A wide range of cogni-
tive impairments was also a common finding in
other studies, both for subarachnoid hemorrhage
of various aneurysmal origins (6,9,34,38) and for
subarachnoid hemorrhage after ACoA rupture
(39,40), although some studies failed to support
this (41,42).

Subarachnoid blood and its toxic products
are thought to be the primary factors for cogni-
tive dysfunction (7-9,43). The surgical treatment
itself may also be a potential cause of local strue-
tural brain damage, since patients having endo-
vascular treatment for ruptured aneurysms have
more favorable cognitive outcomes than those
having their aneurysms surgically clipped (6,44-
46). No general association between the degree
of subarachnoid hemorrhage and cognitive dys-
function could be observed in our group of pa-
tients, although there was a trend toward worse
cognitive performance with more extensive sub-
arachnoid hemorrhage.

In cases of subarachnoid hemeorrhage from
ACOoA rupture, it was proposed that damage to
the specific brain regions might be responsible
for the deficits (17)..One specific area could be
the basal forebrain, which is supplied by perfo-
rating branches of the ACoA (47,48). It has been
suggested that in patients with ACoA aneurism
rupture, the cerebral areas traditionally associated
with memory functioning are spared (14,15,17)
and that damage to the basal forebrain and fron-
tal lobes is responsible for memory dysfunction.
This was also confirmed by the fact that amnesic
patients improved in their memory performance
when an organizational strategy was provided
(49). This could not be confirmed in our group
of patients, since they did not score any better on
cued list recall. Still, they performed better on list
recognition than on list recall, indicating more
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problems in recall than in storage. The latter to
some degree confirms the involvement of frontal
lobe damage in at least some of the memory defi-
cits. On the other hand, studies that found more
prevalent deficits in patients with ACoA aneu-
rism rupture suggested that such deficits were
the consequence of a more diffuse cerebral dam-
age (9,18,19,50).

Although the role of the P3 wave in cogni-
tion is not clearly understood, it was found to
be smaller and to peak later in patients with de-
creased cognitive abilities (51). The P3a wave
probably reflects the processing of novel stimuli
and orientation of attention and the P3b wave
is associated with cognitive contextual integra-
tion (52). Differences in the late ERP compo-
nents reflect cortical damage that was still pres-
entin patients. Longer P3b latencies in this study
probably reveal difficulties in evaluation of the
stimulus and response to it. The results on tests
of the frontal lobe functions (attention and exec-
utive functions) were expected to correlate par-
ticularly with ERP measures, which was in our
study confirmed only partially. Another study on
the relationship between neuropsychological and
ERP findings.in patients after aneurysmal sub-
arachnoid hemorrhage following ACoA ancu-
rism rupture, although investigating only short-
term consequences, led to a conclusion that ERPs
might be an objective parameter in the follow-up
of cases with cognitive impairment (53). Given
our results, we can agree with this position.

A clear limitation of our study is a small and
selected number of patients, which precluded
generalization of the results and could not ex-
plain the role of different clinical factors and
treatment modalities. Another limitation was
that symptoms of depression were not evaluated
in our patients. Depression is a common condi-
tion in patients who suffered from subarachnoid
hemorrhage (54) and can have a major impact on
functional status (55-57). Its effect could explain
the lack of significant correlation between neuro-
psychological and neurophysiological measures.
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In conclusion, we showed that cognitive defi-
cits were still present in a subset of patients with
good outcomes several years after subarachnoid
hemorrhage from ACoA rupture. They were
confirmed by both neuropsychological and neu-
rophysiological investigations. Appropriate long-
term evaluation is more precise by combining
both methods. Future studies could focus on
patients who received endovascular treatment
in order to more purely study the effect of sub-
arachnoid hemorrhage itself and evaluation of
emotional problems should be part of the evalu-
ation. Neurophysiological evaluation should be
performed at different time points to more ob-
jectively evaluate its clinical utility. Longitudinal
studies with a larger number of patients exhibit-
ing a more diverse clinical course and receiving
different type of treatment are needed.
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