






follow-up. Clinical characteristics and baseline test scores
in these two patients did not differ from the rest of the
patient group.
Twenty-nine patients were re-examined at the 3-month

follow-up. One patient refused to have lumbar puncture
performed at follow-up. A normalised ICP was found in
14 of the remaining 28 patients. Less than half of the
patients had a headache during cognitive retesting
(table 1). Visual fields were either stable or had
improved from baseline.
Fourteen of 31 patients had resumed work/school, 11

patients were now on long-term sick leave, 1 patient had
reduced and altered the work schedule due to IIH and
2 patients were unemployed.

Cognitive function at follow-up
After 3 months of treatment, statistically significant
improvement was detected in two domains (table 3).
Attention scores (RVP A’) had practically normalised
while performance in visuospatial memory tests improved
to a level above performance in healthy controls.

No overall change was detected in the domains of
executive function, working memory, processing speed
and reaction time (figure 2). Patients in whom ICP had
normalised (<25 cm H2O) did not perform better than
patients in whom elevated ICP persisted (ICP>25 cm
H2O), and performance was not significantly associated
with intensity or presence/absence of headache during
the test. No correlation was found between change in
cognitive performance and difference in ICP from
baseline.

DISCUSSION
This study is the first to comprehensively explore the
cognitive functions in a cohort of more than 10 patients
with IIH. We examined 31 patients and found deficits in
four of six cognitive domains, suggesting that IIH is asso-
ciated with a global cognitive dysfunction.
Cognitive function in IIH has only been reported in

three studies2–4 in addition to a single case report.5 One
study2 examined 85 patients but applied only a single
memory test and the methodology was not described in
details. The remaining studies performed more

Table 1 Demographics and clinical characteristics for patients with IIH at baseline and at follow-up and healthy controls

IIH baseline IIH follow-up Controls Statistics

n=31 n=29 n=31 p Value* p Value†

Demographics
Age (SD), years 31.0 (11.2) 30.7 (11.2) 0.91

Gender, f/m 31/0 31/0

Danish adult reading test (SD), words 22.9 (6.8) 24.8 (5.3) 0.15

Education (SD), years 11.2 (2.2) 12.8 (2.1) 0.001
Educational level (n) 0.38

Long cycle higher (≥5 years) 0 3

Medium cycle higher (3–5 years) 4 7

Short cycle higher (<3 years) 4 4

Vocational upper-secondary 5 3

Student 10 10

No education 8 4

Household income (n) 0.81

High (>DKK 400 000/year) 10 8

Middle (DKK 200–400 000/year) 12 12

Low (<DKK 200 000/year) 9 11

Clinical characteristics
BMI (SD), kg/m2 35.7 (6.2) 34.0 (6) 23.6 (4) <0.001 0.009
Headache at time of testing, n (%) 22.0 (71) 14.0 (48) 0

Mean headache intensity (SD), VAS 2.64 (2.3) 1.84 (2.4) 0.01
ICP � cognitive testing‡ (SD), days 3.0 (2.4) 1.0 (1.6)

Mean ICP§ (SD), cm H2O 41.0 (12.6) 25.9 (5.5) <0.001
Memory difficulties¶, n (%) 17.0 (55) 18.0 (62) 0.42

Concentration difficulties¶, n (%) 20.0 (65) 15.0 (52) 0.18

Duration of IIH symptoms (SD), months 4.3 (5.4)

� 2 Test was used for household income, Fisher’s exact test for educational level and McNemar’s test for paired categorical variables.
Two-tailed t test was used for numerical variables. Significant p Values are printed in italic.
*p difference between patients at baseline and healthy controls.
†p difference between patients at baseline and follow-up.
‡Time span between ICP measurement and cognitive testing.
§ICP measured with direct ICP monitor (n=1) not included.
¶Subjective difficulties reported by the patients.
BMI, body mass index; DKK, Danish Krone; ICP, intracranial pressure; IIH, intracranial hypertension; VAS, visual analogue scale.
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extensive cognitive testing, but in contrast to our study
were uncontrolled and included only respectively 1, 5
and 10 patients3–5 Prior studies were, in addition, based
on patients with a wide range of disease duration (6–98
months) and only one study3 reported ICP at the time
of testing. Our study is the first to assess the cognitive
function in a well-defined group of patients with newly
diagnosed disease (n=29) or relapse (n=2).
While the case study of Kaplan et al5 found no convin-

cing cognitive deficits, Arseni et al2 and Kharkar et al4

reported substantial deficits in memory. We found defi-
cits in visuospatial memory and in spatial working
memory strategy, but detected no overall difference in
working memory. Verbal memory (measured by

Wecheler Memory Scale) was by far the most affected
parameter in the study of Kharkar et al and similarly was
reported to be moderate to severe in 90% of the patients
studied by Arseni et al. Although we did not test verbal
memory, we found significant deficits in other verbal
functions (verbal fluency). This is in line with the study
of Sorensen et al3 reporting verbal deficits in all their
five patients. Deficits in phonological fluency, which
were substantial in our patients, have been shown to
relate to frontal lobe damage, reflecting an additional
executive component.11

The most severe deficits in our study were found in
the domains of reaction time and processing speed,
which is consistent with the study of Sorensen et al.3 In

Table 2 Cognitive test scores and composite domain scores at baseline compared to healthy controls

Test variables

Raw scores Z-scores and statistics

IIH baseline Healthy controls

n=31 n=31 Z 95% CI p Value

Executive function −0.61 −1.25 to 0.02 0.059

Intra–extra dimensional set shift

ID/ED errorslog 8.1 (0–32) 4.0 (0–25) −0.94 −1.54 to −0.35 0.002
Total errors adjustedlog 20.9 (7–177) 12.2 (7–55) −0.91 −1.50 to −0.32 0.003

Stockings of Cambridge

Solved in minimum moves 9.61 (2) 10.19 (1.7) −0.28 −0.87 to 0.31 0.31

Initial thinking timelog, s 6.5 (2–18.3) 8.2 (3.1–40.7) 0.49 −0.11 to 1.08 0.11

Subsequent thinking timelog, s 0.013 (0–3.7) 0.011 (0–3) 0.09 −0.51 to 0.68 0.77

Trail Making Test*

Trail Making B-Alog, s 39.2 (14.7–101.1) 30.6 (16.3–98.4) −0.56 −1.1 to 0.09 0.07

Working memory −0.56 −1.19 to 0.08 0.08

Spatial working memory

Strategy scorelog 29.9 (20–42) 24.8 (19–40) −0.75 −1.35 to −0.16 0.01
Total errorslog 10.2 (0–79) 4.7 (0–70) −0.48 −1.07 to 0.12 0.11

Spatial span

Span length 6.4 (1.3) 7.0 (1.4) −0.31 −0.9 to 0.28 0.31

Processing speed −1.45 −2.08 to −0.81 <0.0001
Verbal Fluency*

Letters 19.4 (7) 30.3 (8.3) −1.25 −1.84 to −0.65 <0.0001
Categories 39.8 (9.9) 55.5 (12.3) −1.21 −1.81 to −0.61 <0.0001

Trail Making Test*

Trail Making Alog, s 31.5 (18–68.1) 25.2 (12.8–51.4) −0.63 −1.22 to −0.02 0.04
Trail Making Blog, s 73.5 (40.9–169.2) 52.2 (31.2–131.1) −0.66 −1.26 to −0.07 0.02

Symbol digit modalities

Correct symbols 47.8 (10.2) 58.7 (9) −1.09 −1.68 to −0.49 0.0003
Visuospatial memory −0.74 −1.32 to −0.05 0.02
Rey-Osterrieth figure

Immediate recall, score 24.5 (5.4) 28.0 (4.3) −0.67 −1.26 to −0.08 0.03
Delayed recall, score 23.8 (5) 28.0 (4.4) −0.83 −1.42 to −0.24 0.006

Attention
Rapid visual processing

A’ sensitivity to target 0.9 (0.1) 0.93 (0.1) −0.7 −1.3 to −0.11 0.01
Reaction time −1.48 −2.1 to −0.85 <0.0001

Reactionlog, ms 428.7 (264.9–988.6) 330.0 (247.6–464.1) −1.81 −2.4 to −1.22 <0.0001
Movement, ms 417.8 (86.3) 338.3 (80.1) −0.84 −1.43 to −0.25 0.006

Normally distributed raw score variables are shown as mean (SD). Logarithmically transformed variableslog are shown as arithmetic mean
(range). Z-scores and test statistics are given in estimates from a linear mixed model adjusting for education and headache at the time of
testing and multiple testing. Significant p Values are printed in italic.
*n=29, as Trail Making Test scores and Verbal Fluency scores from non-native Danish speakers (n=2) were omitted from analysis.
IIH, intracranial hypertension.
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addition, we found significant impairment in cognitive
flexibility. Cognitive flexibility is fundamental to effective
decision-making and the ability to learn and adapt to
environmental changes, but has never been tested previ-
ously in patients with IIH.
Although overall working memory was not affected in

our study, patients did score significantly worse in the
working memory strategy. This may reflect an executive
component consistent with other executive deficits
detected in our patients.
The deficits we detected in the domains of reaction

time, processing speed, visuospatial memory and atten-
tion were equivalent to those found in patients with first
episode schizophrenia.12 In addition, deficits in cogni-
tive flexibility were similar to those (measured by
Wisconsin card sort, a task conceptionally akin to the
intra–extra dimensional set shift test) found in a
meta-analysis of patients with schizophrenia in general.13

Verbal fluency in our patients was affected to the same
extent as reported for patients with schizophrenia13 as
well as patients with congenital hydrocephalus.11

Furthermore, deficits in verbal phonological fluency and
processing speed (measured by symbol digit modalities
test) were in the range found in patients with multiple
sclerosis.14–16

Despite marked improvement in ICP and headache,
we found no convincing signs of overall cognitive

improvement at the 3-month follow-up as the improve-
ment seen in the visuospatial tests could be explained by
the test–retest effect (familiarisation with the Rey-
Osterrieth complex figure).
Sorensen et al3 reported that although signs of cogni-

tive dysfunction were only minor, four of their five
patients were unable to manage work and/or everyday
activities. In our study, 12 of the 31 patients were either
on long-term sick leave or had a reduced and altered
work schedule due to IIH at follow-up 3 months after
diagnosis. Short follow-up and coexistent headache
symptoms limit the interpretation of the socioeconomic
impact of cognitive dysfunction demonstrated in our
study. However, in other well-recognised diseases such as
schizophrenia, a robust relationship between global and
specific cognitive deficits and functional outcome has
been demonstrated consistently.17 18

The cause of cognitive impairment in IIH remains
speculative. Theories could involve dysfunction of grey
and/or white matter substance due to mechanical com-
pression as proposed in normal pressure hydroceph-
alus,11 dysfunction related to axonal flow as in optic
nerve swelling and dysfunction19 or release of cytotoxic
substances as is seen in other conditions with cognitive
decline.20 Until now, there is no plausible evidence for
brain damage in IIH,21 and as brain volume seems to be
normal in IIH,22 we would expect any structural change

Figure 1 Cognitive function in patients with intracranial hypertension (IIH) is shown in SDs from healthy controls (z-score). Error

bars represent SEM. Colours indicate which domain the tests represent. *p<0.05, **p<0.005, ***p<0.0005.
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that could explain the cognitive deficits found in this
study to be subtle.
The strengths of the study are the prospective and

controlled design, the broad range of cognitive tests, a
relatively large study population, and the use of a cultur-
ally blind and computerised test battery that by auto-
matic test conduction and score recording reduced the
influence of the non-blinded observer. In addition, the
study population was well defined with cognitive testing
performed in close relation to IIH diagnosis and ICP
measurement. As patients were enrolled consecutively
from neurological and ophthalmological departments,
our study population reflects representative patients with

IIH and not a selected group of cognitively symptomatic
patients.
We recognise limitations to our study. First, the design

was the non-blinded design and we did not perform a
retest of healthy controls. Second, the follow-up period
was relatively short and may very well explain why we,
unlike others,3 failed to demonstrate improvement in
cognitive function. Most importantly, although we
adjusted for many of the most important confounders,
our controls were not matched for BMI, headache or
history of depression. The effect of headache on cogni-
tive function has been debated,23–25 but a recent com-
prehensive review concluded that there is no evidence

Table 3 Cognitive test scores and composite domain scores at follow-up compared to baseline

Test variables

Raw scores Z-scores and statistics

IIH baseline IIH follow-up

n=31 n=29 Z* 95% CI p Value

Executive function −0.18 −0.77 to 0.42 0.16

Intra–extra dimensional set shift

ID/ED Errorslog 8.1 (0–32) 5.8 (1–32) −0.82 −1.40 to −0.25 0.77

Total errors adjustedlog 20.9 (7–177) 14.4 (7–68) −0.56 −1.14 to 0.01 0.26

Stockings of Cambridge

Solved in minimum moves 9.61 (2) 19.9 (2) −0.08 −0.66 to 0.49 0.55

Initial thinking timelog, s 6.5 (2–18.3) 6.7 (2.5–18.4) 0.45 −0.14 to 1.02 0.98

Subsequent thinking timelog, s 0.013 (0–3.7) 0.013 (0–3.7) 0.11 −0.47 to 0.68 0.85

Trail Making Test†

Trail Making B-Alog, s 39.2 (14.7–101.1) 33.1 (1.3–79.5) 0.46 −0.12 to 1.05 0.002
Working memory −0.33 −0.84 to 0.18 0.44

Spatial working memory

Strategy scorelog 29.9 (20–42) 27.9 (19–42) −0.24 −0.81 to 0.34 0.1

Total errorslog 10.2 (0–79) 10.1 (0–61) −0.24 −0.81 to 0.34 0.5

Spatial span

Span length 6.4 (1.3) 6.4 (1.3) −0.27 −0.85 to 0.31 0.96

Processing speed −1.23 −1.83 to −0.64 0.49

Verbal Fluency†

Letters 19.4 (7.0) 18.6 (6.6) −1.27 −1.86 to −0.69 0.88

Categories 39.8 (9.9) 42.5 (10.8) −0.93 −1.51 to −0.34 0.41

Trail Making Test†

Trail Making Alog, s 31.5 (18.0–68.1) 32.9 (9.8) −0.56 −1.15 to 0.02 0.95

Trail Making Blog, s 73.5 (40.9–169.2) 66.1 (38.7–125.4) −0.18 −0.79 to 0.4 0.16

Symbol digit modalities

Correct symbols 47.8 (10.2) 49.1 (12.3) −0.91 −1.49 to −0.33 0.5

Visuospatial memory 0.39 −0.17 to 1.02 0.0005
Rey-Osterrieth figure

Immediate recall, score 24.5 (5.4) 28.9 (4.1) 0.36 −0.22 to 0.93 0.002
Delayed recall, score 23.8 (5) 28.8 (3.8) 0.31 −0.26 to 0.89 0.0002

Attention
Rapid visual processing

A’ sensitivity to target 0.9 (0.1) 0.92 (0.04) −0.14 −0.71 to 0.43 0.03
Reaction time −1.31 −1.90 to −0.71 0.9

Reactionlog, ms 428.7 (264.9–988.6) 387.4 (393–710.1) −1.45 −2.02 to −0.88 0.68

Movement, ms 417.8 (86.3) 412.3 (72.1) −0.89 −1.46 to −0.31 0.32

Normally distributed raw score variables are shown as mean (SD). Logarithmically transformed variableslog are shown as arithmetic mean
(range). Z-scores and test statistics are given in estimates from a linear mixed model adjusting for education and headache at the time of
testing and multiple testing. Significant p values are printed in italic.
*Z Patients at follow-up compared to healthy controls.
†n=29, as Trail Making Test scores and Verbal Fluency scores from non-native Danish speakers (n=2) were omitted from analysis.
IIH, intracranial hypertension.
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of cognitive dysfunction in patients with migraine in
general.26 On the other hand, there seems to be evi-
dence that chronic pain is associated with mild cognitive
impairment in selected domains.27 28 However, it is
unclear if the cognitive impairment is attributed to the
pain itself or more likely mediated by coexistent depres-
sion.29 Headache was chronic in 10 (32%) of our
patients and depression was reported by 8 (26%)
patients. Neither depression nor chronic pain was asso-
ciated with poorer cognitive performance when com-
pared within the patient group. BMI in our patients
ranged from normal to morbidly obese (24.2–48.8 kg/
m2). Patients with higher BMI did not perform worse
than the less obese. Although it thus seems less likely
that chronic pain, depression or obesity accounts for our
findings of impaired cognition, subanalyses were limited
by the small sample and statistical uncertainty. We
acknowledge that to account for the influence of these
potential confounders we ideally should have included
an additional control group of obese patients with fre-
quent headache. However, the wide range of factors
potentially affecting performance in cognitive tests, and
the great variation within the patient group, makes an
ideal match very difficult to achieve. For future studies, a
feasible approach to this challenge could be to recruit
participants with suspected IIH, but in whom the diag-
nosis is declined after appropriate investigations.
In conclusion, this study strongly suggests that IIH is

associated with cognitive deficits. The results, in add-
ition, indicate that the cognitive deficits are long-lasting,

not paralleling ICP and headache reduction, and are
not sufficiently treated by diuretics and weight loss.
Contrary to our hypothesis, executive and memory func-
tions were only moderately affected. Nevertheless, we
found substantial deficits in processing speed and reac-
tion time which could explain some of the difficulties
that patients encounter in work and daily activities. A
focused multidisciplinary approach including neuro-
psychological rehabilitation, therefore, might be relevant
in the treatment of patients with IIH.
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Figure 2 Test performance in patients with intracranial hypertension (IIH) is shown in SDs from healthy controls (z-score). Error

bars represent SEM. *p<0.05, **p<0.005, ***p<0.001.
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