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Abstract

processing speed.

Background: Idiopathic intracranial hypertension (IIH) is a disorder of unknown etiology. Goals of treatment are to
preserve vision and alleviate symptoms, including intractable headache, pulsatile tinnitus, and nausea. Cognition is
not addressed routinely during clinical evaluation of IIH patients.

Objective: The current study was designed to test whether there is cognitive impairment in IIH patients or not and
to evaluate the nature and characteristics of cognitive functions in these patients.

Methods: A case-control study conducted on 40 subjects; 20 with IIH and 20 healthy controls. Patients underwent
full clinical and neurological examination as well as cognitive testing using eight psychometric tests.

Results: Patients with IIH performed significantly worse than controls in multiple cognitive domains (p value < 0.05).
Deficits were most pronounced in working memory, executive functions, visuospatial functions, attention, and

Conclusions: Patients with IIH have significant cognitive impairment, particularly in executive functions and memory.
All domain measures showed a statistically significant difference from normal individuals, indicating that there is a form
of multidomain cognitive impairment in IIH. The relationship between cognitive impairment and chronically elevated
intracranial pressure and its role in contributing to patient morbidity should be considered.
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Introduction

Idiopathic intracranial hypertension (IIH) is a disorder
known by increased intracranial pressure (ICP) of undis-
closed etiology. Chiefly, it is seen in overweight women
in childbearing age [1]. Diagnosis of IIH is established by
using the modified Dandy criteria [2]. There is scanty
published data proving or disproving the commonly held
belief that patients with IIH do not have significant cog-
nitive impairment [3]. A recent study screened for the
cognitive electrophysiological changes among IIH pa-
tients and mentioned that cognitive dysfunction in IIH
was well estimated at neurophysiologic levels and was
related to clinical assessment [4].

The hypothesis of cognitive dysfunction in patients
with ITH was adopted. The current study aimed at asses-
sing the cognition in patients with IIH and highlighting
the pattern of cognitive impairment if present.
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Material and methods

This case control study was conducted on two groups; [IH
patients group that included 20 ITH patients (according to
modified Dandy criteria for diagnosis of IIH) [2], their age
ranged from 18 to 45 years and control group which in-
cluded twenty healthy volunteers matched in age, gender,
and level of education to patients. All participants pro-
vided an informed consent to share in this study. The pa-
tients were recruited from Neurology outpatient clinic
and Neurology department in local hospital from March
2015 to May 2016. The study was approved by two official
appropriate ethical committees (intradepartmental and
faculty ethical committees).

IIH patients group included patients with Mini-mental
state examination (MMSE) > 24, intracranial pressure >
25 cm H,O measured in lateral decubitus position, nor-
mal cerebrospinal fluid (CSF) composition, and absence
of hydrocephalus or mass in brain imaging.

The current study excluded patients having major lan-
guage disturbance, severe physical, visual or auditory
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impairment affecting their ability to complete testing, pa-
tients with a history of alcohol intake or any substance
abuse, patients having any other medical or metabolic illness
known to impair cognition, patients with current or previ-
ous major psychiatric disorder, and/or current use of drugs
as anxiolytic, neuroleptic, or sedative as well as patients with
known comorbidities as hypertension or diabetes mellitus.

Clinical assessment was carried for all patients includ-
ing general examination of different systems assessment
to exclude any associated medical illness, thorough his-
tory taking, and full neurological examination according
to the ITH sheet of local Neurology Department (Add-
itional file 1: Appendix 1).

Screening for depression was done for all participants
using the Beck Depression Scale. Therefore, subjects in-
cluded in the current study were those having a score of
<10 indicating minimal or no depression to abolish the
effect of depression on performance in other psychomet-
ric tests (Additional file 3: Appendix 3).

Evaluation of cognitive functions using different psycho-
metric tests was carried for all participants including
Mini-Mental State Examination (MMSE) or Folstein test is
used to assess subjects’ orientation to time and place, instant-
aneous memory, short-term memory, serial subtractions or
reverse spelling, constructional capacities, and use of lan-
guage [5]. Modified Mini-Mental State Examination test has
more standardized administration and more graded scoring
than MMSE; it also assesses a broader variety of cognitive
domains and covers a wider range of difficulty levels [6]. Trail
making test (TMT) is used for assessment of sustained atten-
tion and information processing [7]; Passed Auditory Serial
Addition Test (PASAT)) is a measure of cognitive function
that specifically assesses auditory information processing
speed, working memory, and flexibility, as well as calculation
ability [8]; Paired Associate Learning Test (PALT) is used to
assess verbal memory depending on the concept of semantic
cueing [9]; and Benton Visual Retention Test (BVRT) is used
to assess visual memory, visual perception, and visual con-
structive abilities [10] (Additional file 4).

Data was analyzed using IBM SPSS advanced statistics ver-
sion 22 (SPSS Inc, Chicago, IL). Numerical data were
expressed as mean and standard deviation or median and
range as appropriate. Qualitative data were expressed as fre-
quency and percentage. Chi-square test or Fisher’s exact test
was used to examine the relation between qualitative vari-
ables. For not normally distributed quantitative data, com-
parison between two groups was done using Mann-Whitney
test (non-parametric ¢ test). Spearman-rho method was used
to test correlation between numerical variables. All tests were
two-tailed.

Results
Demographic data of the studied groups are shown in
Table 1.
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Most of IIH patients (13 patients) did not receive any
hormonal contraception while only five patients were
using oral contraceptive pills and two patients were males.

All of ITH patients (100%) were suffering from head-
ache with a mean duration of 16.6 + 4.2 months. Clinical
criteria of headache are seen in Table 2. Headache sever-
ity was assessed according to headache pain scale inter-
pretation (Additional file 2: Appendix 2).

Eleven patients (55%) suffered from double vision, 11
patients (55%) suffered from transient visual obscura-
tions (TVOS), six patients (30%) had grade 1 papille-
dema, ten patients (50%) had grade 2 papilledema, and
four patients (20%) had grade 3 papilledema. Eleven pa-
tients (55%) suffered from tinnitus and five patients
(25%) had abducent nerve palsy.

Regarding brain imaging, ten patients (50%) were hav-
ing slit-like ventricles and empty sella in brain comput-
erized tomography (CT) scan and one patient had
superior sagittal sinus thrombosis in brain magnetic res-
onance venography (MRV) scan while nine patients
(45%) had normal brain imaging. Seventeen patients
(85%) were having abnormalities in perimetry in the
form of enlarged blind spot and scattered scotomas
while three patients (15%) had normal perimetry.

Patients group received different lines of treatment as
in Table 3.

Regarding cognitive assessment, IIH patients had sta-
tistically significant worse scores in all used psychomet-
ric tests (Table 4).

IIH patients who were not receiving hormonal contra-
ception had statistically significant better results in PASAT
3 test (P =0.035) and TMT B test (P =0.026) than IIH pa-
tients who were receiving hormonal contraception.

As regards headache-associated symptoms, IIH patients
who were not suffering from double vision had statistically
significant better score of PASAT 3 (P =0.031), PASAT 2
(P=0.031), and TMT B (P =0.010) tests than those who
were suffering from it, while no significant difference was
detected as regards the presence or absence of TVOs or
severity of headache and papilloedema.

Furthermore, a statistically significant better score of
PALT (P =0.029), TMT A (P=0.007), and TMT B (P=
0.019) tests were found in those who had normal brain
imaging than those who had abnormal brain imaging.

As regards effect of treatment, a statistically signifi-
cant better score of BVRT (P=0.037), PALT (P=
0.011), TMT A (P=0.037), and TMT B (P =0.003)
tests for IIH patients who were using carbonic anhy-
drase inhibitor than those who were not using it.
Also, there was a statistically significant better score
of modified mental state examination (P=0.001) and
TMT A (P=0.033) tests for IIH patients who did
shunt operation than those who did not do it. While,
there was no statistically significant difference in all
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Table 1 Demographics of IIH patients and controls
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IIH patients (No = 20) Controls (No = 20) P value
Age (mean £ SD) 326+7.7 306+79 0.495
Sex Male [No (%)] 2 (10%) 4 (20%)
Female [No (%)] 18 (90%) 16 (80%) 0661
Years of education <9 years [No (%)] 3 (15%) 3 (15%)
> 9 years [No (%)] 17 (85%) 17 (85%) 1.000

IIH idiopathic intracranial hypertension, SD standard deviation, No number, % percentage, P value > 0.05 (nonsignificant)

psychometric tests for IIH patients who were taking
steroids than those who were not using it.

A statistically significant positive correlation was found
between IIH duration and the score of TMT A (r=0.667,
P =0.001) test and TMT B (r=0.588, P = 0.006) test. While,
there was a statistically significant negative correlation be-
tween IIH duration and the scores of MMSE (r = - 0.660,
P =0.002), modified mental state examination (= - 0.652,
P =0.002), PASAT 2 (r=-0.580, P=0.007), and PALT (r=
—0.449, P = 0.047) tests as shown in Fig. 1.

Also, a statistically significant positive correlation was
detected between CSF opening pressure and both TMT
A (r=0.602, P=0.005) and TMT B (r=0.513, P=0.021)
tests, and there was a statistically significant negative
correlation between it and PALT test (r=-0.526, P=
0.017) as illustrated in Fig. 2 while no significant correl-
ation was found with other tests.

Table 2 Clinical criteria of headache in IIH patients

Criteria Number  Percentage (%)
Character Compressing 12 60%
Throbbing 4 20%
Dull aching 3 15%
Stabbing 1 5%
Site Frontal 9 45%
Bitemporal 7 35%
Global 2 10%
Ocular 1 5%
Unilateral 1 5%
Referral Diffuse 9 45%
No referral 7 35%
Bitemporal 4 20%
Severity Mild to moderate 9 45%
Severe 11 55%
Diurnal variation Yes 13 65%
(morning headache) o 7 350
Association Vomiting 6 30%
Nausea 11 55%
Photophobia 16 80%
Phonophobia 9 45%

IIH idiopathic intracranial hypertension, % percentage

Discussion

Cognitive function is not frequently highlighted during
clinical evaluation of IIH patients. The exact pattern of
cognitive impairment in those patients and its frequency
is still controversial [11]. Generally, impaired function in
memory, learning, visuospatial skills, learning, concentra-
tion, executive functions, and language were found [3, 12].
Recently, cognitive affection in IIH was appreciated on
neurophysiologic levels [4].

In the current study, the cognitive functions in IIH pa-
tients were examined; nature and characteristics of the
dysfunction, if any, were highlighted; and finally the role
of psychometric assessment in detecting cognitive im-
pairment was evaluated. Therefore, a battery of psycho-
metric tests was applied for assessment of global and
specific cognitive functions.

Regarding clinical presentation, in the current study,
all patients were presenting with headache of increase
intracranial tension mainly compressing in character,
frontal, diffusely referred, more on morning, increased
on leaning forward, and associated with nausea, photo-
phobia, and phonophobia. This finding coincides with
the results of several studies such as [2, 13-16].

Also, in the current study, 55% of the patients pre-
sented with visual problems as double vision and transi-
ent visual obscuration (TVOs). This agrees with the
finding of Binder and colleagues [13] who stated that
about 50% of IIH patients present with visual symptoms.

On examination, all patients in the current study had
papilledema which ranged in severity from grade I to
grade IV and five patients had abducent nerve palsy.
This corresponds with the study of Soler and colleagues
[17] who emphasized the effect of increased ICP on
optic and abducent nerves.

At the start of psychometric assessment, MMSE and
modified mini-mental tests were used for global screen-
ing of cognitive impairment and were found to be sig-
nificantly worse in IIH patients than in control subjects.
This agrees with other studies [11, 18, 19]. This was un-
like Kharker and colleagues [20] results that showed
normal scores among their patients. This may be due to
the rough nature of this screening test (MMSE is a rapid
screening test that can easily miss the cognitive impair-
ment especially if mild. So that, the extensive cognitive
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Table 3 Lines of treatment of IIH patients

Number Percentage (%)

Carbonic anhydrase inhibitor (Acetazolamide) 13 65%
as a monotherapy

Steroids as a monotherapy 6 30%
Lumboperitoneal shunt 6 30%
Optic sheath fenestration 3 15%

IIH idiopathic intracranial hypertension, % percentage

testing with the neuropsychological test battery was
needed to detect cognitive impairment) in addition to
small number of cases (ten cases) in their study.

On detailed assessment of specific cognitive functions
in the current study, statistically significant worse results
were detected in IIH patients as regards several cognitive
domains including working memory (immediate and
short term), information processing, visual memory, at-
tention, calculation, psychomotor speed, and executive
and visuospatial functions. Several other studies previ-
ously supported these findings as Serensen and col-
leagues [11] reported difficulties in learning and memory
in all their IIH patients and severely affected psycho-
motor speed in 20% of patients. Also, Arseni and col-
leagues [21] found impaired verbal memory in 24% of 85
ITH patients. Furthermore, Airaksinen and colleagues
[22] found significant impairment in episodic memory
and executive functions in 50% of their IIH patients.

Moreover, Kharker and colleagues [20] stated that pa-
tients with IIH had much lower scores regarding both
recent and long-term memory either verbal or nonverbal
than their controls, with affection of 50% of their pa-
tients. They also found impairment in executive skills in
20% of their patients and found also affection of visual
spatial functions in 60% of their IIH patients. Addition-
ally, Yri and colleagues [12] evaluated patients within
7 days of diagnosis of ITH; they found a significant im-
pairment in processing speed and reaction time. Lastly,
Zur and colleagues [23] found marked affection in visuo-
spatial functions of 40% of their IIH patients. Also, they
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found impairments of executive skills in 50% of their
patients.

On the other hand [3, 12, 23], findings showed no sig-
nificant deficits in working memory. This may be due to
the difference in methodology, which was mainly con-
cerned with verbal memory than nonverbal memory,
whereas in the current study both were assessed.

Regarding duration of illness, according to the current
study, patients who were suffering from longstanding
headache had affected executive functions, psychomotor
speed, working memory, and visuospatial functions. This
is in concordance with the study of Serensen and col-
leagues [11] who found significant impairment in cogni-
tive functions mainly memory in relation to duration of
the disease. Also, Airaksinen and colleagues [22] found
significant impairment in episodic memory and execu-
tive functions in patients diagnosed with IIH for 10 years
or more when compared to the newly diagnosed ones.

On the contrary, Zur and colleagues [23] did their
study on 30 IIH patients using a NeuroTrax battery of
tests for mild cognitive impairment, which used custom
software installed on the testing computer. They found
multidomain cognitive affection mainly attention and
visuospatial processing. However, they found that there
was no relation between duration of disease and cogni-
tive function. This could be due to including patients
after short period from diagnosis of headache.

In the current study, as regards severity of headache,
there was no significant difference in cognitive functions
between patients suffering from mild to moderate head-
ache and those suffering from severe headache. This co-
incides with the studies of Yri and colleagues [12], Rist
and Kurth [24], who could not elicit a correlation be-
tween cognitive dysfunction and severity of headache.

On the other hand, Moriarty and colleagues [25] and
Block and Cianfrini [26] reported that severe chronic
headache is associated with mild cognitive impairment
in selected domains. However, it is unclear if the cogni-
tive impairment is attributed to the pain itself or more
likely mediated by coexistent depression.

Table 4 Comparison between results of psychometric tests in both groups

IIH patients (Mean + SD) Controls (Mean + SD) P value
Mini mental state examination (MMSE) 28+2 202+1 0.005*
Modified mental state examination 872+65 959+4 <0.001*
Passed auditory serial addition test 3 (PASAT 3) 279+94 424+93 0.024*
Passed auditory serial addition test 2 (PASAT 2) 26.1 +89 384+76 <0.001*
Paired associate learning test (PALT) 139+31 18716 0.029*
Benton visual retention test (BVRT) 5+14 83+14 0.038*
Trail making test A (TMT A)/s 478+11.1 347 +5.1 <0.001*
Trail making test B (TMT B)/s 1068+ 126 85.1+£6.5 <0.001*

IIH idiopathic intracranial hypertension, SD standard deviation, MMSE mini-mental state examination, PASAT Passed Auditory Serial Addition Test, PALT Paired
Associate Learning Test, TMT Trail making test, Sec second, * p value < 0.05 significant
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The CSF opening pressure, in the current study,
showed a statistically significant negative correlation
with attention, psychomotor speed, executive functions,
working memory, and verbal fluency. This coincides
with Kaplan and colleagues [3] who found that high CSF
pressure markedly affect her performance in executive
functions and psychomotor speed. Also, Zur and col-
leagues [23] stated that increase of intracranial pressure

could result in deterioration in cognitive functions but
did not specify which function was mostly affected.

On the contrary, Serensen and colleagues [11] found
significant impairment in cognitive functions mainly
memory but not related to CSF pressure but their study
was limited by small number of cases. Also, Yri and col-
leagues [12] evaluated patients within 7 days of diagnosis
of ITH, and after 3 months of medical treatment. They
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Fig. 2 Correlation between CSF opening pressure and different psychometric tests. a Represents the correlation between CSF opening pressure
and Trail making test A (TMT A) b Represents the correlation between CSF opening pressure and Trail making test B (TMT B). ¢ Represents the
correlation between CSF opening pressure and Paired Associate Learning Test (PALT)

J

reported no significant difference in cognitive functions
in relation to CSF pressure. However, inter-rater reliabil-
ity for the individual data was poor.

In the current study when brain imaging results were
correlated to psychometric testing, it was found that ITH
patients with abnormal brain imaging (such as empty
sella, slit-like ventricles, and sinus thrombosis) had worse
executive functions, working memory, and psychomotor
speed than those with normal ones. This in agreement
with Zeitlin and Oddy [27], Bruijn and colleagues [28],
and Kharker and colleagues [20] results which stated that
cognitive impairment mainly in working memory and pro-
cessing speed can occur in patients with confirmed cere-
bral venous sinus thrombosis (CVST).

In the current study, IIH patients who were using
oral contraception pills showed impairment of atten-
tion, psychomotor speed, executive functions, and con-
centration. This goes with the study of Pletzer and
colleagues [29] who found impairment in processing
speed, reaction time, and memory in 25% of their pa-
tients and explained it by the possibility of structural
reorganization of the brain by the effect of synthetic
steroids in these pills and effect of hormones on mood

increasing incidence of depression, anxiety, fatigue,
neurotic symptoms, and anger.

Furthermore, ITH patients who were receiving acet-
azolamide achieved better scores regarding attention,
psychomotor speed, working memory, and visuospatial
functions than those who were not receiving it. In
addition, patients who did shunt surgery had better ex-
ecutive functions, memory, visuospatial function, and
psychomotor speed than those who did not do it.

Serensen and colleagues [11] reported that the intellec-
tual impairment was reversible after intensive medical or
surgical measures to lower the intracranial pressure and
can relieve the learning and memory disturbances even in
patients with very longstanding symptoms. And Kaplan
and colleagues [3] reported that cognitive impairments
were reversible following medical measures to lower intra-
cranial pressure results in decreased levels of pain, im-
proved affect, and change in patient self-perception with
resultant cessation of complains of problems in concentra-
tion and memory. Also, Kaplan and colleagues [3] found
that the performance of one female patient in executive
functions and psychomotor speed markedly improved
after shunt insertion. Lastly, Yri and colleagues [12]
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evaluated patients within 7 days of diagnosis of ITH and
after 3 months of medical treatment. They found, similar to
Kaplan and colleagues [3], amultidomain impairment at
first but the attention scores and visuospatial memory im-
proved at follow-up, whereas the others stayed unchanged.

On the contrary, Zur and colleagues [23] demon-
strated that cognitive decline was not related to acetazol-
amide treatment. Also, Yri and colleagues [12] found no
convincing signs of overall cognitive improvement at the
3 months follow up.

Theories of cognitive impairment in IIH patients could
involve brain dysfunction that is related to axonal flow
as in optic nerve swelling or dysfunction of gray and/or
white matter substance due to mechanical compression
as proposed in normal pressure hydrocephalus or release
of cytotoxic substances as is seen in other conditions
with cognitive decline [30, 31].

Cerebral blood flow (CBF) reduction can partly explain
the cognitive dysfunction in IIH patients because of the
significant reduction of cerebral blood flow, particularly
in those with longstanding IIH duration may lead to
cerebrovascular complications [32]. There are controver-
sial studies about CBF changes in IIH patients. Previous
study by Bateman [33] found that total CBF was greater
in IIH patients than that in normal control using MRI
while Lorberboym and colleagues [34] observed diffuse
CBF reduction in ITH patients using brain single photon
emission computerized tomography (SPECT). This con-
troversy may be due to the occurrence of the fluctuation
between vascular compression and vasodilatation in ITH
patients [35].

Proposed mechanisms of CBF changes in IIH patients
are an impairment of CBF autoregulation, an increase of
the cerebral vascular resistance, and decrease of the tis-
sue vascular density as a result of cerebral edema [32].

Moreover, the study of the brain by event-related po-
tential (ERP) provides a noninvasive mean of evaluating
brain functioning in patients with cognitive diseases
[36]. Recently, neurophysiologic tests were used to
screen cognitive impairment in IIH patients by Elban-
hawy and colleagues [4] who found that IIH patients had
statistically significant lower amplitude and delayed la-
tency of P300 and contingent negative variation (CNV)
when compared with controls. Also, they found statisti-
cally significant negative correlation between the result
of MMSE and P300 latency in IIH patients. The signifi-
cant correlation between these two tests raises the possi-
bility of similar group of brain cells are involved during
their action “generators.”

P300 potential is an ERP that is involved in cognitive
function processing [37]. Previously, Kaipio and col-
leagues [38] mentioned that P300 potential has to some
extent cortical generators in frontal areas. Later on, Tha-
kur and colleagues [37] found that the P300 arises from
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multiple brain areas including the auditory cortex,
hippocampus, and amygdala, in addition to brainstem
and thalamus. Furthermore, Huang and colleagues [39]
demonstrated that the electric events that explain P300
generation arise from the collaboration between frontal
lobe and hippocampal/temporal—parietal function. Also,
they observed that different P300 wave component vari-
ations are well correlated with frontal lobe area size and
parietal area size.

Whereas the CNV is another ERP that reflects the psy-
chological activities during increased cognitive load. It
appears maximally in the electroencephalogram (EEG)
over frontal and central regions [40]. Nagai and col-
leagues [41] observed that CNV has widespread genera-
tors involving both cortical and subcortical areas,
including the primary sensorimotor area, supplementary
motor area, orbitofrontal cortex (ventromedial prefrontal
cortex), prefrontal area, dorsolateral and orbital pre-
frontal cortices, premotor and motor cortices, and tem-
poral cortex and thalamus.

Later on, Uysal and colleagues [42] found that CNV
has been well related to the activity of the prefrontal cor-
tex and correlated with the psychological preparation ac-
tivities of the person as attention, anticipation, arousal,
motivation, memory, preparation, and decision making.

Previously, Yri and colleagues [12] observed that sig-
nificant deficits in verbal fluency in IIH patients have
been well related to frontal lobe damage.

It is possible that the lower amplitude, delayed latency
of ERP (P300 and CNV), and the significant correlation
between the result of MMSE and P300 latency in ITH pa-
tients reflect affection of cortical activity in the prefrontal
systems. These findings implicate another possible mech-
anism underlying cognitive impairment in IIH patients.

The results of the current study showed that assess-
ment of cognitive functions is a part of clinical evalu-
ation of IIH patients. Also, it showed that IIH duration,
use of hormonal contraception, presence of double vi-
sion, abnormal brain imaging, increase CSF opening
pressure, and use of carbonic anhydrase inhibitor are
different variables that affect cognitive functions in ITH
patients. These variables should be taken in consider-
ation during clinical evaluation of IIH patients for pos-
sible prevention or early detection and proper treatment
of cognitive impairment if present. As the secret of im-
provement of cognitive dysfunction in IIH patients de-
pend on early management and follow up of the patients
to reduce CSF pressure.

Limitations

Further studies are required to detect other modifiable
risk factors such as obesity and dyslipidemia on cogni-
tive functions in ITH patients as there is common associ-
ation between ITH and both obesity and dyslipidemia,.
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Conclusion

In light of the findings yielded from the current study,
we can conclude that multidomain cognitive impairment
is an evident common complication of IIH disease. It
should be routinely investigated clinically for early detec-
tion of mild affection of cognitive functions. Thus,
proper treatment planning to reduce CSF pressure—
whether medical or surgical—might avoid cognitive de-
cline, and improve it, when occurred.
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