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BACKGROUND AND OBJECTIVES: Cognitive impairment is a common consequence of subarachnoid hemorrhage (SAH), negatively
affecting everyday functioning. This study is the first to investigate the long-term course of cognitive functioning after SAH and its as-
sociations with long-term well-being (ie, anxiety and depression), cognitive complaints, and return to work, separately for patients with
aneurysmal SAH (aSAH) and angiographically negative SAH (anSAH) in a longitudinal design.
METHODS: Cognitive functioning was measured at 2 time points (T1: 3-6 months post-SAH; T2: 2-4 years post-SAH) in 58 patients
with aSAH and 22 patients with anSAH with neuropsychological tests for (working) memory, psychomotor speed, and attention/executive
functioning. Questionnaires were used to measure cognitive complaints and well-being at T1 and T2 and return to work at T2.
RESULTS: At T2, patients with aSAH only showed improvements in memory and on an executive functioning and psychomotor speed
subtest, whereas in contrast, patients with anSAH had significantly poorer scores on tests for psychomotor speed. A significant amount of
patients with aSAH and anSAH still reported cognitive complaints, anxiety, and depression in the chronic stage. Cognitive functioning was not
significantly associated with cognitive complaints in both SAH groups. On the other hand, cognitive complaints were related to well-being at
the long-term inboth SAHgroups.More cognitive complaintswere also associatedwithmoredifficulties in return towork in patientswith aSAH.
CONCLUSION: Patients with aSAH and anSAH have cognitive impairments at the subacute stage post-SAH, and these impairments
persist into the chronic stage. Moreover, both SAH groups still reported decreased well-being in the chronic stage post-SAH, related to
cognitive complaints but not to cognitive impairment. For clinical practice, an early neuropsychological assessment will already
provide relevant information to estimate long-term cognitive impairment, but in addition, it is important to pay attention to psy-
chological distress at the long-term.

KEY WORDS: Cognition, Long-term outcome, Subarachnoid hemorrhage, Well-being, Neuropsychology
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A spontaneous subarachnoid hemorrhage (SAH) accounts
for approximately 3%–5% of all stroke types, with a yearly
incidence rate in the Netherlands of 7 cases per 100.000

individuals.1 In most cases, SAH is caused by the rupture of an
intracranial aneurysm, defined as aneurysmal SAH (aSAH). By
contrast, in angiographically negative SAH (anSAH), usually
considered as a more benign condition, there is no visible cause for
the hemorrhage.2,3 SAH can result in emotional, cognitive, and
behavioral disturbances, negatively interfering with everyday life
functioning, activities, and responsibilities, and consequently,
with quality of life.4-7 Hence, it is clinically relevant to investigate
not only which cognitive, emotional, and behavioral problems
patients encounter after SAH but even more if and to which
extent such impairments change over time.

ABBREVIATIONS: 15WT DR, 15 Words Test Delayed Recall; 15WT IR, 15
Words Test Immediate Recall; anSAH, angiographically negative sub-
arachnoid hemorrhage; DSB, digit span backward; DSF, digit span
forward; EF, executive functioning; ELD, external lumbar drainage;
EVD, external ventricular drainage; HADS-A, Hospital Anxiety and De-
pression Scale Anxiety; HADS-D, Hospital Anxiety and Depression Scale
Depression; LF, letter fluency; M, mean; RRL-RTW, role resumption list
return to work; StroopC, Stroop Color-Word Test color; StroopC-W,
Stroop Color-Word Test color-word; StroopW, Stroop Color-Word
Test word; T1, subacute stage; T2, chronic stage; TMT, Trail Making
Test; TMT-A, Trail Making Test, part A; TMT-B, Trail Making Test, part B;
UMCG, University Medical Center Groningen; VP shunt, ventriculo-
peritoneal shunt; WFNS, World Federation of Neurological Surgeons.

Supplemental digital content is available for this article at neurosurgery-online.com.
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Several studies conducted in the subacute stage (ie, ≥6 months
post-SAH) after aSAH revealed neurocognitive deficits in psycho-
motor speed, attention, memory, executive functions, and social
cognition.8-11 Cognitive deficits, mainly in attention and executive
functioning (EF), are also found in the anSAH group, although on
averagemilder than in the aSAH group.9,12,13Until now, the course
of cognitive functioning has been investigated in patients with aSAH
only,witha short timecourseofupto12–15monthspost-SAH.14-18

Hence, it is unknown whether cognitive deficits change or persist at
a longer term and whether this applies to both aSAH and anSAH.
Despite a lack of knowledge regarding cognitive change in the

long-term after SAH, several studies investigated other aspects of
recovery, such as well-being. Anxiety and depression are common
and persistent after aSAH, even in patients with good clinical
outcome.19,20 Regarding anSAH, studies investigated only de-
pression with inconsistent results: 2 studies reported high rates
of persistent symptoms of depression21,22, whereas 1 study found
no indication for clinical depression.12 A pending question is
whether the presence of cognitive deficits after SAH is related to
post-SAH anxiety or depression. Although some studies identified
cognitive deficits as a risk factor for post-SAH depression23,24; others
did not.25,26 To the best of our knowledge, there are no studies
investigating the association between cognitive deficits and anxiety.
In addition, both patients with aSAH and anSAH report

cognitive complaints that may persist in the long-term, such as
forgetfulness, concentration difficulties, or difficulties with or-
ganization and planning.11,22,27,28 Studies in several patient
groups with other types of brain injuries (ie, traumatic brain injury
and stroke) demonstrated that cognitive complaints are not related
to cognitive impairment, but mainly to mental distress.29,30 In
addition, in the SAH patient group, studies found weak11 or no
significant associations26 between cognitive deficits and cognitive
complaints. Consequently, patients may report cognitive complaints as
a sign of decreased well-being. Indeed, cognitive complaints are found
to be associated with anxiety and depression in the SAH patient
group.11,31,32 To summarize, within the scope of long-term well-being
after SAH, there may be complex relations between the presence of
cognitive deficits, cognitive complaints, and depression and anxiety. To
date, there is no clear picture of whether and how these factors are
interrelated nor whether these profiles are similar for patients with
aSAH and anSAH in the chronic stage.
This study is the first to investigate longitudinally the long-term

course of cognitive functioning after SAH, separately for patients
with aSAH and anSAH. In addition, we examined in both SAH
groups whether cognitive functioning in the chronic stage is
related to long-term well-being (ie, anxiety and depression),
cognitive complaints, and the ability to return to work.

METHODS

Participants
All patients with a spontaneous SAH admitted between 2009 and

2012 at the University Medical Center Groningen (UMCG) were eligible

for participation in this study. Inclusion criteria were older than 18 years,
sufficient proficiency of the Dutch language, and absence of neurological
or serious psychiatric diseases that requested inpatient treatment (such as
bipolar disorder or schizophrenia) at the time of SAH. SAH diagnosis was
determined using computed tomography (CT) on admission, combined
with CT angiography and/or digital subtraction angiography to validate
the presence (aSAH) or absence (anSAH) of an intracranial aneurysm.
Information regarding demographics (age and sex), clinical severity of
SAH (World Federation of Neurological Surgeons),33 and medical data
(time since SAH, type of SAH, and treatment) was collected.

This study was approved by the Medical Ethical Committee of
UMCG. All participants were treated according to the Declaration of
Helsinki and gave written informed consent.

Neuropsychological Measures
Patients underwent a battery of neuropsychological tests at both the

subacute (3-6 months, T1) and chronic stage (2-4 years, T2) post-SAH,
measuring a broad range of cognitive domains (ie, memory, working
memory, psychomotor speed, attention, and EF). The tests administered
were the Dutch version of the Rey Auditory Verbal Learning Test (15
Words Test, Immediate Recall and Delayed Recall [15WT IR, 15WT
DR]),34 The Digit Span (subtest of the Weschler Adult Intelligence
Scale)35 Forward and Backward (DSF, DSB), Trail Making Test parts A
and B (TMT-A, TMT-B),36,37 Stroop Color-Word Test (word
[StroopW], color [StroopC], color-word [StroopC-W]),38,39 Zoo Map
Test,40 and the Dutch version of the Controlled Oral Word Association
Test,41 Letter Fluency (LF).

Self-Report Measures for Long-Term Well-Being and
Return to Work

Patients completed self-report questionnaires regarding long-term
well-being at T1 and T2 and the ability to return to work at T2.
Cognitive complaints were assessed with a semistructured interview using
a brain injury symptom checklist (used previously in SAH),31 which is an
extended version of the Head Injury Symptom Checklist.42 The total
score ranged from 0 to 34. The Hospital Anxiety and Depression Scale43

measures anxiety and depression separately, with 14 items for each
subscale, resulting in total scores ranging from 0 to 21. A score of 8 or
higher reflects symptomatology indicative of anxiety or depression.
Return to work was rated on a 5-point scale, using the Role Resumption
List,44 whereby a score of 0 indicates that “former work has been resumed
without changes,” and a score of 4 indicates “not working at all.” Scores
were dichotomized into “return to work completely” (0) and “return to
work not completely” (1-4).

Statistical Analysis
Statistical analyses were conducted using Statistical Package for the

Social Sciences (IBM), version 23.0. The educational level was scored on
a 7-point scale, ranging from 1 (no primary school) to 7 (university
degree), dichotomized into low (1-4) and high (5-7). Impairments were
defined as test performances below the 10th percentile, compared with
sex, age, and education matched normative values.45 Descriptive statistics
were calculated to describe general patient characteristics; for interval
variables, means and SDs were used, and for categorical variables,
numbers and percentages were used. Differences on neuropsychological
tests and questionnaires between patients with aSAH and anSAH were
tested, using Mann-Whitney U and independent t-tests. Differences
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between neuropsychological test scores, anxiety and depression, and
cognitive complaints at T1 and T2 were tested using the Student paired
sample t-test orWilcoxon signed-rank test. Effect sizes (Cohen’s d, r) were
calculated.46 Four cognitive domain scores were calculated based on
Z-scores from the T2 neuropsychological measures: Memory (15WT IR,
15WTDR),WorkingMemory (DSF,DSB), Psychomotor Speed (TMT-A,
StroopW, StroopC), and Attention/EF (TMT-B, StroopC-W, Zoo Map
Test, LF). Spearman rank correlations were calculated between these 4
composite scores with anxiety, depression, cognitive complaints, and return
to work. The alpha level was set at .05, and Bonferroni Holm47 corrections
were used for all analyses to minimize the possibility of type 1 errors.

RESULTS

From a total of 203 patients with SAH who were hospitalized at
the UMCG between 2009 and 2012, 119 were eligible and took
part in this study at T1. The flowchart of patients is presented in
Figure 1. Eventually, 80 patients were included in this study at
T2. No significant differences (all Ps > .05) were found between
the 39 drop-outs and the 80 patients at T2 for age (t = 0.41), sex
(X2 = 2.0), or World Federation of Neurological Surgeons grade
(X2 = 2.62). The demographic and SAH characteristics of the
patients are listed in Table 1.

The Course of Cognitive Functioning Between T1 and T2
Table 2 presents mean scores on all neuropsychological tests,

tested for differences between T1 and T2. At T2, patients with
aSAH had significantly higher scores on both subtests of the
15WT, with moderate effect sizes, and significantly better
scores on the StroopW and the Zoo Map test, with weak effect
sizes.
By contrast, patients with anSAH showed significantly worse

scores on 3 measures of psychomotor speed (TMT-A, StroopW,
StroopC) at T2, with moderate to strong effect sizes, but no other
significant differences were found.

Differences Between SAH Groups and
Cognitive Impairments
We found no significant differences in test performances at T1

nor T2 between patients with aSAH and anSAH (all Ps > .05).
Table 2 presents percentages of patients with SAH with im-

paired neuropsychological test performance at T1 and T2. Higher
percentages were found for patients with aSAH; however, X2 tests
did not reveal significant differences in these percentages between
the 2 SAH groups (all Ps > .05). At T2, 84% of patients with
aSAH and 86% of patients with anSAH were impaired on at least
1 cognitive subtest.

FIGURE 1. Flowchart of patient recruitment. SAH, subarachnoid hemorrhage.
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The Course of Well-Being and Cognitive Complaints
Between T1 and T2
Table S1 presents the mean scores for anxiety, depression, and

cognitive complaints, tested for differences between T1 and T2.
No significant differences for any of the measures were found
between the 2 SAH groups at both T1 and T2 (Table S1, http://
links.lww.com/NEU/D846).

Cognitive Complaints
Both SAH groups report, on average, more cognitive com-

plaints at T2 compared with T1, although these differences were
not significant. Figure 2 shows that 52 patients with aSAH
(89.7%) and 20 patients with anSAH (95.2%) reported at least 3
cognitive complaints at T2.

Anxiety and Depression
No significant differences were found in the presence of

symptoms of anxiety and depression between T1 and T2 for both
patients with aSAH and anSAH.

Long-Term Well-Being, Cognitive Complaints, and
Associations With Cognition at T2
Table 3 presents that there are no significant correlations

between the composite cognitive scores with cognitive complaints
or anxiety and depression at T2 in both SAH groups.

Return to Work at T2
Thirty-eight (65.5%) patients with aSAH and 7 (36.8%)

patients with anSAH were not able to return to work completely
at T2. Significantly, more patients with aSAH had problems with
return to work than patients with anSAH (X2 = 5.25, P = .02).
Return to work was not significantly associated with cognitive
functioning in both SAH groups (Table 3).

Associations Between Cognitive Complaints, Well-Being,
and Return to Work at T2
Table 4 presents significant low to moderate positive corre-

lations for patients with aSAH and moderate to high positive
correlations for patients with anSAH between cognitive com-
plaints and anxiety and depression. This indicates that patients
who have more symptoms of anxiety and depression also report
more cognitive complaints. Return to work is significantly pos-
itively correlated with cognitive complaints in patients with aSAH
only, indicating that those patients who are unable to return to
work completely also report more cognitive complaints.

DISCUSSION

This is the first study that longitudinally investigated the long-
term course of cognitive functioning across different domains (ie,
memory, working memory, psychomotor speed, and attention/
EF) between the subacute stage (3-6 months post-SAH) and

chronic stage (2-4 years post-SAH), separately for patients with
aSAH and anSAH. Overall, this study did not yield evidence for
substantial change at the long-term in cognitive functioning after
SAH. Both SAH groups still showed cognitive impairments at
T2. Furthermore, it was investigated whether cognitive func-
tioning in the long-term chronic stage post-SAH was associated
with high levels of cognitive complaints, feelings of anxiety and
depression, and the ability to return to work. For all cognitive
domains, there was no significant relation with well-being, cog-
nitive complaints, and return to work, but in contrast, cognitive
complaints were significantly associated with the presence of
anxiety and depression.
In patients with aSAH, we found only for a few measures

(15WT, Stroop Word, Zoo map) a small improvement. More-
over, 84% of these patients still were impaired on at least 1
neuropsychological subtest in the chronic stage. A previous study
conducted by our research group found cognitive deficits at 3 to
6 months after aSAH as well as lower neurocognitive perfor-
mances in patients with anSAH compared with healthy controls.9

This study shows that this pattern also exists in the chronic stage

TABLE 1. Patient Characteristics

Characteristics aSAH (n = 58) anSAH (n = 22)

Sex, women, n (%) 38 (65.5%) 11 (50%)

Mean age at the time of SAH, y (SD) 52.8 (9.9) 53.4 (9.7)

Time since SAH, mo, mean T1 (range) 4.6 (2-8) 5.1 (3-7)

Time since SAH, mo, mean T2 (range) 30.1 (15-39) 43.1 (22-56)

Educational level

Low (1-4) 21 (36.2%) 6 (27.3%)

High (5-7) 37 (63.8%) 16 (72.7%)

WFNS

Low (1-3) 46 (79.3%) 21 (95.5%)

High (4-5) 12 (20.7%) 1 (4.5%)

CSF drainage

Acute (ELD/EVD) 45 (77.6%) 10 (45.5%)

Chronic (VP-shunt) 12 (20.7%) 1 (4.5%)

Treatment

Clipping 16 (27.6%)

Coiling 41 (70.7%)

Other 1 (1.7%)

aSAH, aneurysmal subarachnoid hemorrhage; anSAH, angiographically negative
subarachnoid hemorrhage; CSF, cerebrospinal fluid; ELD, external lumbar drainage;
EVD, external ventricular drainage; SAH, subarachnoid hemorrhage; T1, subacute
stage; T2, chronic stage; VP shunt, ventriculo-peritoneal shunt; WFNS, World Feder-
ation of Neurological Surgeons.
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TABLE 2. Course of Cognitive Functioning Between the Subacute Stage (T1) and Chronic Stage (T2)

aSAH anSAH

Measure

T1
raw scores
(M ± SD)

T2
raw scores
(M ± SD)

T1
impaired,
n (%)

T2
impaired,
n (%) t/Za P d/rb

T1 raw
scores

(M ± SD)

T2 raw
scores

(M ± SD)

T1
impaired,
n (%)

T2
impaired,
n (%) t/Zc P d/rb

Memory

15WT IR 39.1 ± 9.6 42.1 ± 10.2 25 (43.1) 21 (36.2) �3.15 0.003d �0.41 40.6 ±
12.2

41.8 ±
12.2

10 (45.5) 5 (22.7) �0.79 0.44 �0.17

15WT DR 7.8 ± 3.0 9.0 ± 3.2 7 (12.1) 4 (6.9) �3.51 0.000d �0.46 8.6 ± 2.5 8.5 ± 3.5 7 (31.8) 2 (9.1) �0.15 0.88 �0.03

Working
memory

DSF 5.5 ± 1.4 8.1 ± 2.1 12 (20.7) 14 (24.1) �1.40 0.16 0.18 5.6 ± 1.0 8.5 ± 1.5 3 (13.6) 2 (9.1) �1.36 0.19 �0.29

DSB 4.1 ± 1.2 5.3 ± 1.8 23 (39.7) 20 (34.5) �0.53 0.60 �0.07 4.5 ± 1.1 6.2 ± 1.8 1 (4.5) 3 (13.6) �1.20 0.24 �0.26

Psychomotor
speed

TMT-A 37.4 ± 14.3 37.3 ± 16.8 6 (10.3) 2 (3.4) �1.59 0.11 �0.21 32.8 ±
14.9

38.2 ±
13.8

1 (4.5) 3 (13.6) �2.61 0.009d �0.56

Stroop Word 53 ± 16.1 49.6 ± 9.9 21 (36.2) 15 (25.9) �2.47 0.01d �0.32 48.4 ± 8.0 53.6 ±
10.1

7 (31.8) 11 (50) �2.61 0.02d �0.56

Stroop Color 65.8 ± 17.2 64.5 ± 13.9 16 (27.6) 11 (19) �1.05 0.30 �0.14 56.9 ±
10.4

62.7 ±
11.4

3 (13.6) 4 (18.2) �3.52 0.002d �0.75

Attention/EF

TMT-B 90.6 ± 43 83.6 ± 35.2 6 (10.3) 4 (6.9) �2.29 0.03 �0.29 73.2 ±
53.8

65.1 ±
16.6

1 (4.5) 0 �0.93 0.35 �0.20

Stroop Color-
Word

105.7 ± 29.9 100.9 ± 23.8 10 (17.2) 2 (3.4) �1.18 0.24 �0.16 90.6 ±
30.8

93.1 ±
26.5

3 (13.6) 3 (13.6) �1.56 0.12 �0.33

Zoo Map Test 7.1 ± 6.1 10.0 ± 4.9 22 (37.9) 9 (15.5) �2.87 0.004d �0.38 7.4 ± 5.9 11.2 ± 3.5 7 (31.8) 1 (4.5) �2.34 0.02 �0.50

LF 30.8 ± 10.3 33.8 ± 11.3 12 (20.7) 10 (17.2) �2.47 0.02 �0.32 35.3 ± 9.9 37.8 ±
10.2

2 (9.1) 2 (9.1) �1.51 0.15 �0.32

aSAH, aneurysmal subarachnoid hemorrhage; anSAH, angiographically negative subarachnoid hemorrhage; DSB, Digit Span Backward; DSF, digit span forward; EF, executive functioning; LF, letter fluency; M, mean;
TMT, Trail Making Test; 15WT IR, 15 Words Test Immediate Recall; 15WT DR, 15 Words Test Delayed Recall.
aPaired t-test: 15WT IR, LF; Wilcoxon signed-rank test: TMT-A, Stroop Word, Stroop Color, DSF, 15WT DR, DSB, TMT-B, Stroop Color-Word, Zoo map test.
bCohen’s d, effect size; r = Z/√N, effect size.
cPaired t-test: Stroop Word, Stoop Color, DSF, 15WT IR, 15WT DR, DSB, LF; Wilcoxon signed-rank test: TMT-A, TMT-B, Stroop Color-Word, Zoo map test.
dBold indicates statistical significance after Bonferroni-Holm corrections.

N
E
U
R
O
SU

R
G
E
R
Y

VO
LU

M
E
00

|
N
U
M
BER

00
|
M
O
N
TH

2023
|
5

LO
N
G
-TERM

C
O
G
N
ITIVE

FU
N
C
TIO

N
IN
G
A
FTER

SA
H

©
C
ongress

of
N
eurological

S
urgeons

2023.
U
nauthorized

reproduction
of

this
article

is
prohibited.

Downloaded from http://journals.lww.com/neurosurgery by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0h
CywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC1y0abggQZXdtwnfKZBYtws= on 08/01/2023



after SAH. The anSAH group performed on most tests at T2 on a
similar level as at T1. Moreover, in the chronic stage, 86% of
patients with anSAH still showed impaired performances on at
least 1 neuropsychological test. Remarkably though, on the tests
that measure psychomotor speed (TMT-A, StroopC, StroopW),
and accordingly, require extra mental effort, they even performed
significantly worse at T2. Thus, the overall picture is that patients
with aSAH and anSAH show little or no change in cognitive
functioning in the long-term, and impairments seem to be per-
sistent. This implies that the measurement of cognition at the
subacute stage post-SAH is a reliable indication of cognitive

functioning in the long-term in most patients with SAH. In
clinical care, it is therefore of great importance to perform a
detailed neuropsychological examination in the SAH patient
group 3 to 6 months after the bleeding. Interestingly, we found no
significant differences between patients with aSAH and anSAH
regarding their neuropsychological performances nor regarding
the percentage of impairments. Hence, this warrants that cog-
nitive deficits should not be underestimated in the anSAH group,
as also demonstrated in previous research.9,12

In the chronic stage post-SAH, the prevalence of cognitive
complaints was high in both patients with aSAH (90%) and

FIGURE 2. Cognitive complaints in the chronic stage (T2) for patients with aneurysmal subarachnoid hemorrhage and angio-
graphically negative subarachnoid hemorrhage in percentages.

TABLE 3. Spearman Correlations of the Composite Neuropsychological Scores andWell-Being, Cognitive Complaints, and Return toWork at the
Chronic Stage (T2)

Cognitive domain

aSAH anSAH

HADS-A HADS-D Cognitive complaints RRL-RTW HADS-A HADS-D Cognitive complaints RRL-RTW

Memory �0.05 0.06 �0.16 �0.19 �0.06 �0.10 �0.04 �0.04

Working memory �0.06 0.03 �0.19 0.05 �0.10 �0.37 �0.40 �0.07

Psychomotor speed 0.12 0.002 �0.30 �0.02 �0.19 �0.13 �0.30 �0.20

Attention/EF 0.11 0.07 �0.17 0.10 �0.15 �0.28 �0.34 �0.23

aSAH, aneurysmal subarachnoid hemorrhage; anSAH, angiographically negative subarachnoid hemorrhage; HADS-A, Hospital Anxiety and Depression Scale Anxiety; HADS-D,
Hospital Anxiety and Depression Scale Depression; RRL-RTW: Role Resumption List Return To Work; SAH, subarachnoid hemorrhage.
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anSAH (95%). We did not find significant associations of these
numbers of cognitive complaints with all cognitive domains in
both SAH groups. Cognitive functioning also was not related to
return to work for both SAH groups, while for patients with
aSAH, more cognitive complaints were associated with more
difficulties in returning to work. Almost one-third of patients with
aSAH and almost one-quarter of patients with anSAH experi-
enced symptoms of anxiety and/or depression in the subacute
stage which lasted in the chronic stage. These persistent symptoms
were not related to cognitive functioning, but to cognitive
complaints in both SAH groups. Complaints and feelings of
depression or anxiety may result from distress related to changes in
everyday life functioning after SAH, but anxiety and depression
may also be a direct effect of brain damage, as earlier described for
patients with stroke.48 It is therefore of great importance that,
next to cognitive deficits, symptoms of anxiety and depression are
timely identified and monitored after SAH.
This is the first study to demonstrate that in the chronic stage, a

significant part of patients with aSAH and anSAH still, to a similar
extent, experience decreased well-being, which is related to the
presence of cognitive complaints, but not to cognitive impair-
ment. Interestingly, we found no differences in the amount of
cognitive complaints nor anxiety and depression between patients
with aSAH and anSAH, indicative of similar long-term well-being
patterns. Cognitive complaints should therefore be interpreted as
an indication of reduced well-being, and not of cognitive change
as measured by neuropsychological tests.

Limitations
Some limitations to this study need to be acknowledged. First,

no alternate test versions were used; thus, possible retest effects
cannot be excluded, although these were not deemed likely given
the large interval between T1 and T2. Second, the group size of
patients with anSAH is relatively small compared with the aSAH
group. For this reason, we did not differentiate between peri-
mesencephalic anSAH and nonperimesencephalic anSAH, of
which the latter is known to have better clinical outcome,49 and
did not take into account the presence of cerebrospinal fluid

drainage. Several studies found an association between acute
hydrocephalus and poor cognitive functioning in patients with
aSAH.10,50 Further research is needed to clarify the impact of
these factors on long-term cognitive outcome after both aSAH
and anSAH. Third, we did not include a control group to
compare the neuropsychological performances of the patients,
but we used normative data to compare performances to de-
termine cognitive deficits in both SAH groups. Finally, we did
not take into account fatigue, which is known to be a frequent
and long-term persisting symptom after SAH and other types of
acquired brain injury and is associated with cognitive deficits,
mainly attention, but also with complaints and mental dis-
tress.11,32,51,52

CONCLUSION

This study shows little to no change of cognitive functioning,
between the subacute and long-term chronic stage in patients with
aSAH and anSAH. Importantly, in both SAH groups, most
patients still demonstrated cognitive impairments and reported
decreased well-being in this chronic phase, up to 4 years after
SAH. Contrary to the current view, we found that patients with
anSAH have similar sequelae as patients with aSAH. In the ex-
isting literature, anSAH is considered the “harmless type” of SAH,
given that there is no need for endovascular or neurosurgical
treatment, the risk of a rebleed is lower, and patients are con-
sidered to have a more favorable neurological prognosis.3,53,54

However, cognitive deficits also exist in this patient group, and
this study now adds to the literature that these deficits do not
recover either in the long-term. In addition, we found no dif-
ferences in neuropsychological performances, cognitive com-
plaints, and anxiety and depression symptoms in the long-term
between patients with aSAH and anSAH. It is therefore ques-
tionable whether it is correct to label anSAH as a benign con-
dition. Communicating to patients with anSAH that they suffered
a “benign hemorrhage” may create certain expectations regarding
their recovery that cannot be met. These unmet expectations may,
in turn, result in increased reporting of complaints or level of
distress in this patient group. However, future research in a larger
sample of patients with anSAH is needed to elucidate this im-
portant topic further. For clinical practice, we therefore recom-
mend that patients with aSAH and anSAH receive equal
psychosocial follow-up, with a timely (ie, in the subacute stage
post-SAH) neuropsychological assessment including measures of
well-being to make patients aware of possible deficits and to offer
tailor-made treatment.
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TABLE 4. Spearman Correlations Between Cognitive Complaints,
Anxiety and Depression, and the Ability to Return to Work at the
Chronic Stage (T2)

Measure
Cognitive

complaints—aSAH
Cognitive

complaints—anSAH

HADS-A 0.38a 0.56a

HADS-D 0.60a 0.76a

RRL-RTW 0.35a 0.45

aSAH, aneurysmal subarachnoid hemorrhage; anSAH, angiographically negative
subarachnoid hemorrhage; HADS-A, Hospital Anxiety and Depression Scale Anxiety;
HADS-D, Hospital Anxiety and Depression Scale Depression; RRL-RTW: role resumption
list return to work.
aBold indicates statistical significance after Bonferroni-Holm corrections.
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Table S1. Course of well-being and cognitive complaints between the subacute
(T1) and chronic (T2) stage.
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