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Abstract

Background: Idiopathic intracranial hypertension (IIH) is a neurological disorder of unknown etiology and
ambiguous pathophysiology due to cerebrospinal fluid dysregulation. This study is designed to evaluate the role of
brain magnetic resonance imaging (MRI) and magnetic resonance venography (MRV) in diagnosis of IIH, to clarify
the nature and extent of cognitive deficits, and to detect if there is a correlation between radiology, clinical
findings, and cognitive dysfunctions in those patients.

Results: The study included 34 patients and 34 age-, sex-, body mass index (BMI)-, and education-matched healthy
control subjects. MR brain imaging and Montreal cognitive assessment (MoCA) test were used for both groups. MRI
and MRV sensitivity for IIH diagnosis were 85.2% and 85.3% with 100% and 94.1% specificity respectively. 44.1% had
cognitive impairment, memory was the most affected domain, followed by attention, abstraction, and orientation
with statistically significantly lower total MoCA score (p < 0.005). Domain comparisons reveal a statistically
significantly lower memory/delayed recall (p < 0.001) and abstract scores (p < 0.007) in IIH cases versus control
subjects. In comparing patients with cognitive impairment (CI) versus those without CI, there were statistically
significantly higher CI in low education level, presence of diplopia, hormonal contraceptive use, abnormal MRI
brain, papilledema grades, BMI, and opening pressure.

Conclusions: Presence of more than or equal 3 MR imaging findings, bilateral transverse sinus stenosis, and less
than or equal 4 combined conduit score increase the specificity and sensitivity of MRI and MRV for IIH diagnosis. IIH
had detrimental effect on different cognitive domains especially when patient have low education level, diplopia,
papilledema ≥ grade III, high OP ≥ 61.5 cm H2O, and BMI ≥ 34 Kg/m2 with abnormal MRI and MRV findings.
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Background
Idiopathic intracranial hypertension (IIH) is a neuro-
logical disorder of unknown etiology characterized by in-
creased intracranial pressure (ICP) and normal
composition of cerebrospinal fluid (CSF) with elevated
opening pressure (OP) [1]. The pathophysiology is still
ambiguous and supposed to be due to CSF dysregulation
[2]. IIH commonly affects obese women in childbearing
age; however, it can affect men, children, and non- obese
individuals [3]. It has insidious onset with subsequent
delayed diagnosis [4].
Neuro-ophthalmic evaluation is essential for diagnosis

of IIH patients including headache, visual symptoms, ol-
factory dysfunction, pulsatile tinnitus, and sixth nerve
palsy (6th NP) [5–8]. Although cognition is not screened
routinely during clinical evaluation of IIH, many recent
researches were done for assessment of cognitive func-
tion and reported cognitive impairment (CI) in these
patients [9].
Neuroimaging especially magnetic resonance im-

aging (MRI) and magnetic resonance venography
(MRV) are essential for exclusion of other etiologies
of increased ICP and visualize various signs of IIH
[10]. Lumbar puncture with elevated OP above 25
cmH2O and normal CSF composition are mandatory
to establish a definite diagnosis [11]. Goals of man-
agement are to save vision and treat symptoms
through medical therapy, surgical procedures, endo-
vascular stenting, and weight loss [12].
The aim of this study was to evaluate the role of brain

MRI and MRV in diagnosis of IIH, clarify the extent and
nature of cognitive deficits in those patients, and detect
if there is correlation between radiology, clinical find-
ings, and cognitive dysfunctions.

Methods
A case control study was carried out in the neur-
ology outpatient clinics and department after ap-
proval from Medical Research Ethical Committee.
The study included 34 IIH patients (diagnosed
according to modified Dandy criteria) [13] and 34
age-, sex-, BMI-, and education-matched healthy
control subjects. Written agreement was obtained
from all patients and control subjects prior to inclu-
sion in our study. Inclusion criteria of patient group
were IIH patients of both sexes, ages ranged from 18
to 50 years, and educated with at least primary level
of education. Exclusion criteria were any patients
with meningitis, venous sinus thrombosis, papille-
dema in absence of headache, illiterate, severe visual
impairment, and patient with any contraindication to
brain MRI.
All patients were subjected to thorough history

taking and full clinical and neurological examination

focusing on the following: age, sex, weight, and
height. Headache was assessed according to onset,
duration, frequency, site, severity [according to Nu-
merical Rating Scale (NRS)], characters, and associ-
ated symptoms like photophobia, nausea, vomiting,
and tinnitus. Visual complaints like visual obscur-
ation, visual loss, diplopia, and blurring of vision
were assessed. Ophthalmological examination was
done including fundus examination with grading of
papilledema [14]. Cognitive assessment was done by
using Montreal cognitive assessment (MoCA) test.
Past history of drugs causing elevated intracranial
pressure especially hormonal contraception.

NRS
Headache severity was evaluated by self-assessment of
pain intensity using NRS; it consists 11 points (0–10): 0
point indicates no pain, mild headache (1–3 score),
moderate headache (4–7 score), and severe headache
(8–10 score) [15, 16].

Cognitive function assessment
The cognitive function assessment was performed using
MoCA test which is a rapid, brief, sensitive, and tool that
has been considered as an effective tool for diagnosis of
mild CI [17]. It consists of 30 items, divided into 7
scales, targeting different cognitive domains. A score of
26 or above was considered normal [18]. BMI calcula-
tion was as follows: BMI = weight (Kg)/[height(m)]2 and
encompass the following categories: underweight = <
18.5, normal weight = 18.5–24.9, overweight = 25–29.9,
and obesity ≥ 30 [19].

MR imaging techniques
Brain MRI was done for both patient and control groups
by using a 1.5 T scanner (Siemens, Magnetom aera,
Siemens healthcare, Germany). MRI brain was done by
using head coil. MRI brain includes axial and sagittal
T1-weighted images with repetition time (TR) 400 to
650 ms and echo time (TE) 8 to15 ms. Axial and coronal
T2-weighted images were done with repetition time
(TR) 4000 to 5500 ms and echo time (TE) 85 to 125 ms.
All images were done with 3 mm slice thickness and 1
mm slice gap.
For assessment of optic nerve, optic nerve sheath and

the posterior globe flattening axial and coronal T2-
weighted turbo spin echo (TSE) sequence images were
done by using surface coil along the optic tract (repeti-
tion time (TR) 6960ms, echo time (TE) 99ms, and slice
thickness of 2 mm).
MRV was done for both groups to evaluate dural ven-

ous sinus stenosis (SVS) and to exclude dural venous
sinus thrombosis (VST) as a cause of idiopathic intracra-
nial hypertension. MRV was done by using two-
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dimensional time-of-flight (2D TOF) MR venography
(repetition time (TR) 23ms, echo time (TE) 6.5 ms, and
slice thickness 2 mm.
Brain MRI and MRV images were assessed by a radi-

ologist with more than 15 years’ experience. The radiolo-
gist was blinded to the clinical data of both patient and
control groups. Brain MRI images were evaluated for pi-
tuitary gland height relative to sellar cavity height, optic
nerve sheath diameter, presence or absence of flattening
of posterior globe, or optic nerve tortuosity. MRV im-
ages were evaluated for transverse sinus thrombosis,
stenosis, or hypoplasia [20].
Pituitary gland height was measured in mid-sagittal T1

weighted images by measuring the maximum distance
between the sellar floor to the most upper surface of the
pituitary gland. Pituitary gland height was classified rela-
tive to sella height into 5 grades. Grade 1 (normal ap-
pearance) in which there was flat or convex upper part
of the pituitary gland, grade 2 (mild decrease of pituitary
height) in which the decrease in pituitary gland height
was less than one third of sellar cavity height, grade 3
(moderate decrease of pituitary height) in which the de-
crease in pituitary gland height was more than one third
and less than two third of sellar cavity height, grade 4
(severe decrease of pituitary height) in which the de-
crease in pituitary gland height was more than two

thirds of sellar cavity height with concavity of the upper
surface of the pituitary gland and grade 5 (empty sella)
in which the sellar cavity was enlarged with no detected
pituitary gland inside (Figs. 1, 2, 3, and 4) [21].
Flattening of posterior globe was evaluated in axial

T2-weighted images, and it was diagnosed when there
is flattening or loss of convexity of the posterior globe
at site of globe and optic nerve junction (Figs. 1, 2, 3,
and 4) [22].
Optic nerve sheath diameter was measured in axial

T2-weighted images in a plane perpendicular to the
optic nerve and 3mm posterior to the globe. An average
value of both right and left optic nerve sheath diameter
measurement was taken. Optic nerve sheath distention
is graded into 3 grades (0–2). In grade 0, there is no CSF
space detected around the optic nerve; in grade 1, the
diameter of CSF space around the optic nerve was more
than 1mm and less than 2 mm (Figs. 3 and 4); and in
grade 2, the diameter of CSF around the optic nerve was
more than 2mm (Figs. 1 and 2) [23].
Optic nerve tortuosity was evaluated in axial T2-

weighted images, and it was diagnosed when there
was optic nerve twisting in horizontal or vertical
planes (Figs. 1, 3, and 4) [22].
All MRV images were evaluated according to the side

of transverse sinus stenosis (unilateral or bilateral) and

Fig. 1 a–d MRI and MRV of 37 years aged female patient diagnosed with idiopathic increase intracranial tension. a, b Axial T2 scan of left orbit
shows tortuosity and grade 2 distention of left optic nerve sheath (white arrows) with flattened left posterior globe (arrowhead). c A mid-sagittal
T1 MRI sellar cavity is enlarged with no detected pituitary gland inside grade 5 (empty sella) (blue arrow). d Time of flight MRV shows bilateral
transverse sinus stenosis (the left transverse sinus is hypoplastic and also shows stenosis (red arrows)). Combined conduit score was 1 + 1 = 2
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Fig. 3 a–d MRI and MRV of 28 year aged female patient diagnosed with idiopathic increase intracranial tension. a, b Axial T2 scan of both orbits
shows tortuosity of right optic nerve, grade 1 distention of both optic nerve sheaths (arrowheads) with flattened right posterior globe (arrow). c
A mid-sagittal T1 MRI shows enlarged sellar cavity with no detected pituitary gland inside grade 5 (empty sella) (blue arrow). d Time of flight MRV
shows bilateral transverse sinus stenosis (red arrows) combined conduit score was 0 + 1 = 1

Fig. 2 a–d MRI and MRV of 23 years aged female patient diagnosed with idiopathic increase intracranial tension. a, b Axial T2 scan of both orbits
shows grade 2 distention of both optic nerve sheath (white arrows) with bilateral flattened posterior globe (arrowheads). c A mid-sagittal T1 MRI
sellar cavity is enlarged with no detected pituitary gland inside grade 5 (empty sella) (blue arrow). d Time of flight MRV shows bilateral transverse
sinus stenosis (red arrows) combined conduit score was 1 + 2 = 3
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according to combined conduit score. The diameter of
the distal part of superior sagittal sinus was measured
and used as reference measurement to diagnose nar-
rowed segment of both transverse/sigmoid junctions. In
combined conduit score according to the degree of sten-
osis we gave a score for each transverse/sigmoid junc-
tion from 0 to 4. Score 0 (aplastic segment or gap) was
given if there was a flow gap in the transverse/sigmoid
junction, score 1 (severe stenosis or hypoplasia) was
given if the diameter of conduit segment of transverse
sinus was less than 25% of the distal superior sagittal
sinus diameter, score 2 (moderate stenosis) was given if
the diameter of the conduit segment of transverse sinus
was between 26% to 50% of the diameter of distal super-
ior sagittal sinus, score 3 (mild stenosis) was given if the
diameter of the conduit segment of transverse sinus was
between 51% to 75% of the diameter of distal superior
sagittal sinus, and score 4 (normal) was given if the
diameter of the conduit segment of transverse sinus was
between 76% to 100% of the diameter of distal superior
sagittal sinus [23].
The sum of the both right and left sinus score gave

the combined conduit score (CCS). Combined conduit
score ranged from 0 to 8. In this study, we used score 4
or less as cutoff value for diagnosis of significant trans-
verse sinus stenosis (Figs. 1, 2, 3, and 4) [23].

Lumbar puncture
OP was measured in the lateral decubitus position with
stretched legs and without the use of any sedative medi-
cations [24]. The patients were given a minimum of 10
min for relaxation before recording the OP [25] with-
drawal amount of CSF for microbiology and biochemis-
try analysis.
For OP ≥ 56 cmH2O (Exposure, X) as a predictor of

CI (Response, Y), power analysis was run using PASS 15
Power Analysis and Sample Size Software (2017), NCSS,
LLC. Kaysville, Utah, USA, ncss.com/software/pass. A
logistic regression of a binary response variable (Y) on a
binary independent variable (X) with a sample size of 34
observations (of which 50% are in the group X = 0 and
50% are in the group X = 1) achieves 84% power at a
0.050 significance level to detect an odds ratio of 11.20.
A two-sided Wald test is used.
Data were entered and analyzed using IBM-SPSS soft-

ware (IBM Corp. Released 2017. IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp.). Data
were entered and analyzed using IBM-SPSS software
(Version 25.0). Qualitative data were expressed as abso-
lute frequency (N) and percentage (%). Quantitative data
were initially tested for normality using Shapiro-Wilk’s
test with data being normally distributed if p > 0.050.
The presence of significant outliers (extreme values) was

Fig. 4 a–d MRI and MRV of 44 year aged female patient diagnosed with idiopathic increase intracranial tension. a, b Axial T2 scan of both orbits
shows tortuosity of right optic nerve and grade 1 distention of right optic nerve sheath (white arrow) with bilateral flattened posterior globe
(arrowheads). c A mid-sagittal T1 MRI with no detected pituitary gland inside grade 5 (empty sella) (blue arrow). d Time of flight MRV shows
bilateral transverse sinus stenosis (red arrows) combined conduit score was 0 + 1 = 1
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tested for by inspecting boxplots. Quantitative data were
expressed as mean ± standard deviation (normally dis-
tributed). Chi-square or Fisher’s exact test was used to
compare categorical data. Quantitative data between the
two groups were compared by independent samples t
test if normally distributed or Mann-Whitney U test if
not. Cochran-Armitage test was run to test the correl-
ation between ordinal independent variable and dichot-
omous dependent variable. Simple binary logistic
regression was run to ascertain the effects of predictor
variables on a dichotomous outcome with calculation of
crude odds ratios and their 95% CI.
The accuracy of a test to discriminate diseased cases

from non-diseased cases was evaluated by receiver oper-
ating characteristic (ROC) curve analysis which was
done using MedCalc Statistical Software version 18.9.1
(MedCalc Software bvba, Ostend, Belgium; http://www.
medcalc.org; 2018). For any of the used tests, the results
were considered as statistically significant if p value ≤
0.050. Appropriate charts were used to graphically
present the results whenever needed.

Results
Sociodemographic data
A case control study included two groups (patients and
subjects): 34 patients and 34 controlled subjects; both
groups were age, sex, BMI, and educationally matched.
In the current study, sex distribution among patients in-
cluded 32 females (94.1%) and 2 males (5.9%). Their age
ranged from 19 to 48 year (mean ± SD = 32.8 ± 8.5
years). According to BMI (kg/m2), ideal body weight was
14.7%, overweight was 23.5%, and obese patients were
61.8% (mean ± SD = 31.9 ± 5.2).
Regarding headache, all patients suffered from head-

ache; continuous headache was in 22 patients (64.7%),
chronic headache in 8 patients (23.5%), and episodic
headache in 4 patients (11.8%). According to site, bi-
temporal location was seen in 15 patients (44.1%), global
in 13 (38.2%), unilateral in 3 patients, and occipital in 3
patients (8.8% for each). As regards headache characters,
19 patients (55.9%) suffered from compressing type, 9
patients (26.5%) presented with throbbing headache,
while 6 patients (17.6%) presented with dull aching
headache. According to severity (NRS), in 23 patients
(67.6%), the headache was severe; in 8 patients (23.5%),
it was moderate; and in 3 patients (8.8%), it was mild. As
regards associated symptoms; 12 patients (35.3%) com-
plained from nausea and vomiting, 11 patients (32.4%),
suffered from nausea, and 2 patients (5.9%) presented
with vomiting. Bilateral tinnitus was in 8 patients while
unilateral tinnitus was in 7 patients (Table 1), while
there are visual manifestations and papilledema charac-
ters (Table 2).

According to MRI and MRV findings, the overall
sensitivity of decreased pituitary gland height, flattened
posterior globe, optic nerve sheath distention, and optic
nerve tortuosity for diagnosis of IIH was 85.2%, 76.4%,
85.2%, and 26.5% respectively and specificity was 91.2%,
100%, 91.1%, and 100% respectively with accuracy of
88.2%, 88.2%, 88.2%, and 63.2% respectively (Tables 3
and 4).
The combination of three or more of these MRI signs

increases the sensitivity and specificity to 85.2% and
100% respectively with 92.2% accuracy. The sensitivity
and specificity of the use of 4 or less combined conduit
score in diagnosis of IIH were 85.3% and 94.1% respect-
ively with 89.7% accuracy. The sensitivity of unilateral,
bilateral, and combined (unilateral and bilateral) trans-
verse/sigmoid sinus stenosis in the diagnosis of IIH was
57.9%, 65.2%, and 76.5% respectively, and the specificity
was 88.2%, 100%, and 88.2% respectively with an accur-
acy of 77.3%, 85.7%, and 82.3% respectively (Table 4).

Table 1 Sociodemographic data and headache characters in
studied cases (N = 34)

Variable type category Variable Statistic: N (%), Mean ± SD

Sex Male
Female

2 (5.9%)
32 (94.1%)

Age Years (mean ± SD)
(32.8 ± 8.5)

Weight state Underweight
Ideal weight
Overweight
Obese

0 (0%)
5 (14.7%)
8 (23.5%)
21 (61.8%)

BMI Kg/m2 31.9 ± 5.2

Headache

Duration Years Median (IQR) [range]
5 (2–10.25) [1–17]

Type Continuous
Chronic
Episodic

22 (64.7%)
4 (11.8%)
8 (23.5%)

Location Bi-temporal
Unilateral
Occipital
Global

15 (44.1%)
3 (8.8%)
3 (8.8%)
13 (38.2%)

Character Compressing
Dull aching
Throbbing

19 (55.9%)
6 (17.6%)
9 (26.5%)

Severity Mild
Moderate
Severe

3 (8.8%)
8 (23.5%)
23 (67.6%)

Associated symptoms:

1- N/V Nausea only
Vomiting only
Both

11 (32.4%)
2 (5.95)
12 (35.3%)

2- Tinnitus Unilateral
Bilateral

7 (20.6%)
8 (23.5%)

N, numbers; SD, standard deviation; BMI, body mass index; Kg/m2, kilogram
per meter square IQR = (75th percentile minus 25th percentile). [Range =
maximum minus minimum]. N/V, nausea and/or vomiting
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Hormonal contraception was used by 26 (81.25%) out
of 32 female patients for a median duration of 6.5 years
that ranges from 1 to 25 years (25th percentile = 3, and
75th percentile = 13 years). In education in 34 cases, of
the 34 patients, 18 patients (52.9%) received high educa-
tion level (> 12 years), 15 patients (44.1%) received
medium level of education (8–12 years), and only one
patient received a low education level (< 8 years).
Of the 34 patients, 15 patients (44.1%) had cognitive

impairment (MOCA score < 26). Memory was the most
affected domain, followed by attention, abstraction, and
orientation. In comparison between IIH patients and
control subjects, there was a statistically significantly
lower total MOCA score in IIH cases versus control
subjects (p < 0.005), and cognitive impairment (MOCA<
26) statistically significantly lowered in IIH patients
when compared with controlled subjects (p < 0.001). Do-
main comparisons revealed a statistically significantly
lower memory/delayed recall (p < 0.001) and abstract
scores (p < 0.007) (Table 5).
There was a statistically significantly higher MOCA

score in high education level vs. low education level
for all participants, control subjects, and IIH patients
(Table 6).
Regarding the differences between those with and with-

out CI, there was a statistically significantly higher low
education level, presence of diplopia, hormonal contracep-
tive use (all cases), abnormal MRI brain (all cases), empty
sella turcica (all cases), papilledema grades (right and left),
BMI, and opening pressure in those with cognitive

impairment (CI) vs. those without CI. Due to small sample
size, multivariable logistic regression was not run. A uni-
variate binary logistic regression analysis was performed
to ascertain the effect of low education level, presence of
diplopia, high OP, higher papilledema grades, and higher
BMI on the likelihood that participants will exhibit cogni-
tive impairment. Those with low education level have 4.3
times higher odds to exhibit CI as compared to those with
high education level (P = 0.047). Those with diplopia have
10.3 times higher odds to exhibit CI as compared to those
without diplopia; those with OP ≥ 56(cmH2O) have 11.2
times higher odds to exhibit CI as compared to those OP
< 56 (cmH2O).
For every grade increase in papilledema on the right

and left, there is an increase in odds ratios of 5.5 and
6.3, respectively, that participants will exhibit CI; for
every increase in BMI by one unit, there is an in-
crease in odds ratio of 1.2 that participants will ex-
hibit CI; and for every increase in OP 1 cmH2O,
there is increase in odds ratio of 11 that participants
will exhibit CI (Table 7).

Table 2 Visual abnormalities in studied patients

Abnormality N (%)

1-Blurred vision 29(85.3%)

2-Photophobia 17 (50%)

3-Obscuration of vision 16 (17.1%)

4-Diplopia 15 (44.1%)

5-Visual loss 10 (29.4%)

6-6th N.P 7 (20.6%)

Papilledema:

Right eye:

Grade 1 6 (17.6%)

Grade 2 9 (26.5%)

Grade 3 16 (47.1%)

Grade 4 3 (8.8%)

Left eye:

Grade 1 6 (17.6%)

Grade 2 10 (29.4%)

Grade 3 14 (41.2%)

Grade 4 4 (11.8%)

N, numbers; 6th N. P, sixth nerve palsy

Table 3 MRI and MRV findings in discriminating IIH cases from
control

MRI and MRV findings Group 1 % Group 2 %

Pituitary gland height

Grade 1 (normal) 5 14.7 31 91.2

Grade 2 6 17.6 3 8.8

Grade 3 12 35.3 0 0

Grade 4 7 20.6 0 0

Grade 5 (empty sella) 4 11.8 0 0

Flattened posterior globe

Present 26 76.5 0 0

Absent 8 23.5 34 100

Optic-nerve sheath distention

Grade 0 5 14.7 31 91

Grade 1 17 50 3 9

Grade 2 12 35.3 0 0

Optic nerve tortuosity

Present 9 26.5 0 0

Absent 25 73.5 34 100

Transverse/sigmoid sinus patency

Normal 8 23.5 30 88.2

Unilateral stenosis 11 32.3 4 11.8

Bilateral stenosis 15 44.2 0 0

Combined conduit score (CCS)

≤ 4 85.3 76.5 2 6

> 4 5 14.7 32 94

MRI, magnetic resonance imaging; MRV, magnetic resonance venography; CCS,
combined conduit score
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Regarding opening pressure (OP), the mean ± SD
of OP was 54.1 ± 11.7 cmH2O ranging from 36 to
75 cmH2O and OP at cutoff value ≥ 56 cmH2O
showed statistically significantly cognitive impair-
ment (P < 0.001) (Fig. 5).

Discussion
This study exhibited that the majority of IIH occurs
mainly in obese female patients (BMI > 30 kg/m2) in
childbearing period as mentioned in previous researches
[3, 26] that may be attributed to hormonal dysregulation
and changes in metabolic neuroendocrine axis in this
age [27, 28].
In this study, headache of increased ICP was the core

symptom presents in all patients and was the leading
cause for asking medical advice as reported in other many
studies; however, headache characters were nonspecific in

the current study [5, 29]. As regards headache type, con-
tinuous headache was the main presenting complaint
followed by chronic then episodic type, and this was con-
sistent with Yri and Jensen [30] and inconsistent with
Skau and colleagues; they reported that episodic headache
was the main presentation followed by continuous type
[31]. The main site of headache in the current study was
bi-temporal, global, and then unilateral which was con-
cordant with Elbanhawy and colleagues [9]. Bitemporal lo-
cation, compressing, throbbing, and then dull aching
headache were the main characters in this study, but Skau
and colleagues found that there is no characteristic quality
as regards headache in their study [31].
Severe headache which was associated with nausea and

or vomiting with unilateral or bilateral pulsatile tinnitus
was presented in the majority of patients. This manifest-
ation coincides with other previous studies [32, 33]. The

Table 4 Diagnostic performance of MRI and MRV findings in discriminating IIH cases from control

TP FP TN FN SN SP PPV NPV Accuracy

MRI findings

1- Decrease pituitary gland height 29 3 31 5 85.2% 91.2% 90.6% 86.1% 88.2%

2- Flattened posterior globe 26 0 34 8 76.4% 100% 100% 80.9% 88.2%

3- Optic-nerve sheath distention 29 3 31 5 85.2% 91.1 90.6% 86.1% 88.2%

4-Optic nerve tortuosity 9 0 34 25 26.5% 100% 100% 57.6% 63.2%

Combined MRI findings (presence of 3 or more MRI findings) 29 0 34 5 85.2% 100% 100% 87.1% 92.2%

MRV findings

Transverse/sigmoid sinus patency

• Unilateral stenosis vs. normal 11 4 30 8 57.9% 88.2% 73.3% 78.9% 77.3%

• Bilateral stenosis vs. normal 15 0 33 8 65.2% 100% 100% 80.5% 85.7%

• Abnormal vs. normal 26 4 30 8 76.5% 88.2% 86.6% 78.9% 82.3%

Combined conduit score (CCS) 29 2 32 5 85.3% 94.1% 93.5% 84.2% 89.7%

MRI, magnetic resonance imaging; MRV, magnetic resonance venography; TP, true positive; FP, false positive; TN, true negative; FN, false negative; SN, sensitivity;
SP, specificity; PPV, positive predictive value; NPV, negative predictive value; FPOS, flat posterior optic sclera

Table 5 MOCA components and cognitive impairment in patients and control

Domain IIH Control Statistic P value

Visuospatial/executive (%) 100 (60–100) 100 (80–100) − 1.396 0.163

Naming (%) 100 (67–100) 100 (67–100) − 1066 0.287

Memory (delayed recall) (%) 60 (0–100) 100 (60–100) − 4.348 < 0.001

Attention (%) 83.3 (33.3–100) 83.3 (67–100) − 1.681 0.093

Language (%) 100 (33–100) 100 (67–100) − 0.914 0.361

Abstraction (%) 50 (50–100) 100 (50–100) − 2.706 0.007

Orientation (%) 100 (67–100) 100 (67–100) − 0.166 0.868

Total MOCA score 26 (20–30) 28 (24–30) − 2.838 0.005

Total MOCA score (%) 86.7 (67–100) 93.3 (80–100)

Cognitive impairment (MOCA< 26) 15 (44.1) 1 (2.9) 16.019 < 0.001

Scores are median (minimum-maximum); Statistic: Z value, test of significance: Mann-Whitney U test, P value significant < 0.05. Cognitive impairment is presented
as N (%), statistic: c2, test of significance: chi-square test.
Cochrane-Armitage test was run to test the correlation between education level (ordinal independent variable) and cognitive impairment (dichotomous
dependent variable)
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etiology of pulsatile tinnitus is not completely elucidated,
but it is supposed that stenosis in the transverse sinus,
which were commonly observed in patients of this study,
may produce audible turbulences in blood flow [5, 34].
As regards visual abnormalities in the current study,

blurred vision was the main visual complaint;

photophobia is where the patient cannot tolerate the
light; transient visual obscurations were common and
described by the patients of this study as blacking out
of vision lasting for seconds and were associated with
pasture changes. Bilateral or unilateral sixth palsy due
to raised ICP was presented in about one fifth of our

Table 6 MOCA score in case and control groups according to education level

Group Education level Z
value

P value

Low (≤ 12 years) High (> 12 years

All participants − 4.147 < 0.001

N of participants 30 38

Median (IQR) 27 (24–27) 29 (26.8–30)

Control − 4.273 < 0.001

N of participants 14 20

Median (IQR) 27 (26–27) 29 (28–30)

Case (IIH) − 2.239 0.025

N of participants 16 18

Median (IQR) 24 (23–27.8) 27.5 (24.8–29.3)

Test of significance: Mann-Whitney U test. IQR is presented as (25th percentile − 75th percentile). p value significant< 0.05; IIH, idiopathic intracranial hypertension

Table 7 Differences between those with and without cognitive impairment
Parameter No-CI group

(MOCA ≥ 26)
CI group
(MOCA < 26)

Test of significance Univariate regression

N (%) 19 (55.9%) 15 (44.1%)

Categorical χ2 P value COR (95% CI) P value

Education level

High 13 (68.4%) 5 (33.3%) 4.142 0.042 R 0.047

Low 6 (31.6%) 10 (66.7%) 4.3 (1.02–18.4)

Diplopia 9.293 0.002 0.004

Absent 15 (78.9%) 4 (26.7%) R

Present 4 (21.1%) 11 (73.3%) 10.3 (2.1–50.5)

*Hormonal contraception 11 (57.9%) 15 (100%) – 0.004 – –

*Abnormal MRI brain 13 (68.4%) 15 (100%) – 0.024 – –

*Decreased pituitary gland height 11 (57.9%) 15 (100%) – 0.005 – –

Optic nerve sheath distension 12 (63.2%) 14 (93.3%) – 0.53 – –

Optic nerve tortuosity 5 (26.3%) 4(26.7%) – 1.0 – –

Flattened posterior globe 11 (57.9%) 13 (86.7%) – 0.128 – –

OP (cmH2O) 9.663 0.002 0.004

< 56 14 (73.7%) 3 (20%) R

≥ 56 5 (26.3%) 12 (80%) 11.2 (2.2–56.9)

Quantitative Z value P value COR (95% CI) P value

$Papilledema (right) 2 (1-3) 3 (3–3) − 3.120 0.003 5.5 (1.6–19.2) 0.008
$Papilledema (left) 2 (1-3) 3 (3–3) − 3.403 0.001 6.3 (1.8–22.9) 0.005

t value P value COR (95% CI) P value

Age (years) 31 ± 7.4 35.1 ± 9.5 − 1.382 0.176 – –

BMI (kg/m2) 30.1 ± 4.4 34.1 ± 5.4 − 2.356 0.025 1.2 (1.01–1.39) 0.034

Opening pressure (cmH2O) 48.2 ± 11.1 61.5 ± 7.7 − 3.952 < 0.001 1.1 (1.04–1.24) 0.004

Data expression [test of significance]: N (%) [chi-square and *Fisher’s exact test] for categorical data and mean ± SD or $median (25th–75th percentiles)
[independent samples t test or $Mann-Whitney U test] for quantitative data. R, reference category; COR, crude odds ratio (by binary logistic regression analysis); CI,
confidence interval; FPOS, flat posterior optic sclera; MR, magnetic resonance
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patients and was associated with horizontal diplopia.
This abnormality was concordant with Mollan and
colleagues’ study [35], while Quattrone and colleagues
found sixth nerve palsy occurred in about one fourth
of cases. Sixth nerve palsy is explained by its longest
intracranial course which makes it more susceptible
for stretching and also more liable to the mechanical
effects as the results of displacement of brain stem
backward due to increased ICP [36, 37].
Papilledema was a cornerstone in patients of this study

which was detected by fundus examination as in agree-
ment with previous studies [28, 38]; all patients of this
study suffered from papilledema; bilateral symmetrical in
the majority of patients except 8 patients showed asym-
metrical grades between the right and left eye not more
than one grade difference; the severity ranged from
grade I to grade IV; the majority of patients presented
with grade III and then grade II, and this was concord-
ant with the study of Sultan and colleagues [3] who re-
ported the effect of elevated ICP on optic nerve.
The role of MRI and MRV imaging in IIH is to ex-

clude any other causes of increased ICP and search for
characteristic imaging signs that can be used for diagno-
sis of IIH such as empty sella, optic nerve sheath disten-
tion, flattened posterior globe, optic nerve tortuosity,
and transverse sinus thrombosis [39].

The decrease of the pituitary gland mid-sagittal height
was the oldest and the commonest used MR imaging
sign for prediction of idiopathic increase intracranial
tension [40]. Decrease pituitary gland height in IIH may
be caused by arachnocele herniation through the dia-
phragma sellae [40]. Decrease in pituitary gland height
may occur in normal individuals and in various chronic
causes of intracranial hypertension like intracranial neo-
plasm or cerebral venous sinus thrombosis [20].
Many studies concluded that the sensitivity of empty

sella in IIH was relatively high which ranged from 65 to
80%, and these were matched with the current study
where the sensitivity of decrease the pituitary gland
height for diagnosis of IIH was 85.2%. In this study, the
specificity of decreased pituitary gland height for diagno-
sis of IIH was 91.2%, and this was in agreement with
many studies who reported that the specificity of empty
sella for diagnosis of idiopathic increase intracranial ten-
sion ranged from 70 to 100% [10, 20, 41, 42].
Intra-orbital MR imaging signs detected in IIH include

optic nerve sheath distention, flattened posterior globe,
and optic nerve tortuosity. These signs are proved to be
due to increased intracranial CSF pressure in IIH that is
conducted to the intra-orbital part of optic nerve leading
to increase CSF pressure in the subarachnoid space
around the optic nerve [20].

Fig. 5 Cutoff value of OP: OP at cutoff value ≥ 56 cmH2O can discriminate the CI from those without CI (AUC = 0.839, P < 0.001)
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In this study, the sensitivity and specificity of optic
nerve sheath distention for diagnosis of IIH were 85.2%
and 91.1 respectively, and these were higher than the re-
sults of many researches who concluded that optic nerve
sheath distention was less sensitive (51%) and only mod-
erately specific (83%) for diagnosis of IIH [2, 20].
In this study, the sensitivity and specificity of flattened

posterior globe for diagnosis of IIH was 76.4% and 100%
respectively, and these were in agreement with many
studies who concluded that the sensitivity of flattened
posterior globe for diagnosis of IIH varies between 43
and 85%, and with 98% specificity [10, 20, 41, 42].
In this study, the sensitivity and specificity of optic

nerve tortuosity for diagnosis of IIH were 26.5 % and
100% respectively, and these were in agreement with
many studies which concluded that the optic nerve tor-
tuosity has low sensitivity (43%) and high specificity
(90%) in diagnosis of IIH [10, 20, 41, 42].
In the current study, the presence of 3 or more MRI

findings increases the sensitivity and specificity of MRI
in diagnosis of idiopathic increase intracranial tension to
85.2 and 100% respectively with an accuracy of 92.2%;
this was in agreement with Mallery and his colleagues’
study; they concluded that the combination of any three
or more MRI findings is highly specific for diagnosis of
idiopathic increase intracranial tension [43].
The main indication of MRV in patients of IIH is ex-

clusion of cerebral venous sinus thrombosis. In these pa-
tients, MRV allows the evaluation of transverse/sigmoid
sinus patency [44].
In this study according to the side of transverse sinus

stenosis, the sensitivity and specificity of bilateral trans-
verse sinus stenosis were higher (65.2% and 100% re-
spectively) in the diagnosis of IIH than the sensitivity
and specificity of unilateral transverse sinus stenosis
(57.9 and 88.2 respectively) with total sensitivity and
specificity of 76.5 and 88.2% respectively. This was in
agreement with Farb and colleagues, Riggeal, and his
colleagues’ studies; they concluded that the sensitivity
and specificity of bilateral transverse sinus stenosis in
diagnosis of idiopathic increase intracranial tension
using MRV were high (93% and 100% of both studies re-
spectively) [39, 44]. This study was also matched with
the study of Mallery and his colleagues which concluded
that the sensitivity of transverse sinus stenosis either bi-
lateral or unilateral in diagnosis of IIH was 78% [10].
The study of Samanc and colleagues reported that bilat-
eral transverse venous sinus stenosis is a common find-
ing in intracranial hypertension patients without IIH and
also may occur in normal individuals [20].
The study of Morino and his colleagues reported that

transverse sinus stenosis either unilateral or bilateral is
commonly seen in patients with idiopathic increase intra-
cranial tension. It was still unknown if transverse sinus

stenosis occurred as a cause or as a result of increase
intracranial CSF pressure, because increased intracranial
pressure exerts a compression on the transverse sinus and
subsequent venous outflow obstruction. On the other
hand, this obstruction caused decreases of the CSF ab-
sorption. Also, it was observed that bilateral transverse
sinus stenosis stenting can decrease the elevated intracra-
nial pressure. Also, normalization of intracranial pressure
can resolve transverse sinus stenosis [40].
In the current study, the sensitivity and specificity of

using 4 or less combined conduit score in the diagnosis
of idiopathic increase intracranial tension were 85.3%
and 94.1% respectively; this was not matched with the
study of Ramesh and his colleagues as they concluded
that the sensitivity (90%) of combined conduit score in
the diagnosis of IIH was higher than its specificity
(86.6%). This may be due to the selection of higher CCS
cutoff value in the study of Ramesh and his colleagues;
so many borderline false positive and false negative
values were included in their results [45].
In conclusion, the combination of any three or more

MRI findings as regards decreased pituitary gland height,
optic nerve sheath distention, flattened posterior globe,
and optic nerve tortuosity greatly increased the specifi-
city and sensitivity for diagnosis of idiopathic increase
intracranial tension. The presence of MRV findings as
regards bilateral transverse sinus stenosis and less than
or equal 4 combined conduit score also increased the
specificity and sensitivity for the diagnosis of idiopathic
increase intracranial tension.
Cognitive affection in patients with IIH has been re-

ported in previous studies [25]. In all studies, apart
from the case report by Kaplan and colleagues, 5 test-
ing revealed significant cognitive impairment in
patients with IIH especially in memory and verbal
tests [46]. CI in patients with IIH occurs as a result
of brain dysfunction which could be related to axonal
flow as in optic nerve hydrops or impaired function
of grey and or white matter of the brain as a result
of mechanical compression [47].
In the current study, cognitive impairment (MoCA <

26) was observed in about 44% in the patients and
showed to be highly statistically significantly lowered
when compared with patients in the control group (P <
0.001) and also when compared with patients and con-
trol total MoCA score and percentage (P = 0.005); com-
paring different cognitive domains, all domains are
affected when comparing patients with control subjects
especially memory and abstraction which showed to be
highly statistically significantly lower than the control (P
< 0.001 and P = 0.007 respectively); this is consistent
with Yri and colleagues; they found that IIH patients
performed significantly worse cognitive function than
controls in four of six cognitive domains. Deficits were
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prominent in reaction time and processing speed, signifi-
cant impairment in working memory, and significant
lower score in cognitive flexibility subset measuring [25].
In this study, comparing patients with cognitive im-

pairment with patients with normal cognitive function,
we found that low education level showed statistically
significant lower cognitive function when compared with
high education level (P = 0.042) which may be attributed
to social state; this is consistent with Yri and his col-
leagues; they found that IIH is a state of socioeconomic
consequences especially for young patients of working
age [25]. Mollan and his colleagues found that patients
living in a low socioeconomic state have a less resources
to perform higher education with subsequently increased
prevalence of obesity and therefore have increased inci-
dence of IIH [48].
In this study, we found that diplopia had detrimental

effect on cognition in which patients with diplopia
showed statistically significant cognitive impairment
when comparing patients with and without diplopia (P =
0.002); this was consistent with Shipster and his col-
leagues; they found that many factors have a potential
effect, alone or in combination, to cause impairment in
neurocognitive function in patients with ICP like diplo-
pia and impaired hearing [49]. Our study showed that
patients used contraception had statistically significant
cognitive impairment when compared to non-cognitive
impairment group (P = 0.004); the explanation is that
the hormonal contraception increases the risk of obesity
due to effect of progesterone which increases the appe-
tite or facilitates anabolism while estrogen aggravates fat
accumulation in adipose tissues and cells [50].
In current study, the cutoff opening pressure was 56 cm

H2O in which patients with opening pressure ≥ 56 cm
H2O showed statistically significant cognitive impairment
when compared to non-cognitive impaired group (P =
0.002). This could be attributed to high pressure that causes
mechanical compression with disturbed the function of
grey and or white matter of the brain [47, 51]; reduction in
cerebral blood flow that occurs in IIH may partly explain
cognitive impairment in these patients.
In this study, the patients with increased BMI showed

statistically significant cognitive impairment when com-
pared with low BMI (P = 0.025). In the current study,
patients with high-grade papilledema showed highly sta-
tistically significant cognitive impairment when com-
pared with patients with low-grade papilledema on the
right and left eye respectively (P = 0.003, P = 0.001).
We recognize limitations to this study. First, sub-

analyses were limited due to small sample size; multivar-
iable logistic regression was not run for the study. Sec-
ond is the absent follow-up of the patients; lastly is the
inability to assess the effect of different lines of treat-
ment on cognition.

Conclusions
The presence of 3 or more characteristic MR imaging
findings, bilateral transverse sinus stenosis, and 4 or less
CCS increase the specificity and sensitivity of MRI and
MRV for the diagnosis of idiopathic increase intracranial
tension. IIH had a detrimental effect on different cogni-
tive domains specifically memory/delayed recall, abstrac-
tion, and total MoCA score especially when the patient
has low education level, diplopia, papilledema ≥ grade
III, high OP ≥ 61.5 cm H2O, and BMI ≥ 34 Kg/m2 with
abnormal MRI and MRV findings.
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