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ABSTRACT

Aims: Idiopathic intracranial hypertension (IIH) is a syndrome characterized by intracranial pressure. The purpose of this study
was to evaluate the accuracy of diagnosis by giving the quantitative values of imaging findings of IIH on cranial MRI.
Methods: This study included 37 patients who were diagnosed with ITH and 22 healthy controls were included by using a
match-to-pair technique regarding their sex and age. Optic nerve sheath diameter (ONSD) and optic nerve diameter (OND),
transverse diameter of Meckel cave (MCD), superior sagittal sinus area (SSSA), right and left transverse sinus area (RTSA,
LTSA), transverse diameter of right lateral ventricle frontal horn (LVFHD), vertical length and A-P diameter of sella cavity,
vertical length of pituitary gland (VLPG) were measured. ROC analysis was performed for the cut off values.

Results: There was statistically significant difference between patient group and control group in terms of ONSD, MCD, SSSA,
RTSA, LTSA sella cavity A-P diameter, VLPG vertical length of sella and hypoplasia of dural venous sinus. On the other hand,
there was no statistically significant difference between the patient and the control groups regarding LVFHD, OND. ONSD
showed an AUC of 0.996 with a cutoft value of 6.4 mm >=, it was found to be highest reliable marker in the differential diagnosis
of ITH patients from the controls.

Conclusion: We believe that this study can an important contribution to the diagnosis IIH and follow-up period after its

treatment by measuring ONSD, MCD, Sella A-P and VLPG, vertical length of sella and SSSA.
Keywords: Idiopathic intracranial hypertension, magnetic resonance imaging, quantitative evaluation

INTRODUCTION

Idiopathic intracranial hypertension (IIH) is a syndrome
characterized by intracranial pressure increase without
any space occupying lesion. There are other definitions like
meningitis serosa or pseudotumor cerebri as well. It usually
presents by headache. It can be seen more in obese women
who are in fertility period, but it can be observed in each age
and gender.' The underlying pathophysiological mechanism
is not known certainly. The incidence of the disease changes.
However, its frequency has raised with respect to the
increasing incidence of obesity.** Diagnosis of the disease is
usually achieved through clinical findings, imaging findings
and lumbar puncture. It is characterized by symptoms of ITH
are severe headache in bilateral frontal and retro-orbital areas,
temporary visual disorders, dizziness, diplopia, neck and back
pain, nausea and vomiting. As to imaging findings," distention
of the optic nerve sheath, distention of the Meckel cave, slit
like ventricles, flattened posterior optic globe and empty sella
turcica, deformated pituitary gland are the main findings.’

The purpose of this study was to evaluate the accuracy of
diagnosis by giving the quantitative values of imaging findings
of ITH on cranial magnetic resonance imaging (MRI).
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METHODS

Patients Subjects

This study included 37 patients who were diagnosed with
ITH by using Modified Dandy Criteria (including headache,
persistent or progressive visual dysfunction, papilledema,
pulsatile tinnitus, greater than 250 mmH,O CSF opening
pressure without ventricular enlargement or intracranial mass
on imaging, and normal CSF constituents) and examined for
their headaches between January 2016 and May 2021. Images
of the patients were scanned retrospectively through PACS
system. All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its lateramendments
or comparable ethical standards. This retrospective study
was approved by the institutional review board of the Tokat
Gaziosmanpasa University Faculty of Medicine Dean’s Office
Clinical Researches Ethics Committee (Date: 31.03.2022,
Decision No: 22-KAEK-076).

Patients who were younger than 18, pregnant and who had
intracranial mass, hydrocephalus or vascular pathology
in brain MRI, who had treatment or medication which can
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cause ITH or have systemic diseases, who had current or prior
sinus vein thrombosis was not included in the study. The
ones with pregnancy and postpartum status, and who had
surgical operation which can change CSF circulation were
also excluded from the participants group.

Control Subjects

Twenty-two healthy controls were included by using a match-
to-pair technique regarding their sex and age. The ones who
have any kind of nervous system disease and have primary
headache syndromes like migraine and cluster headache were
not included in the study.

MRI Protocol

All patients were scanned with 1.5 Tesla MRI device (1.5-Tesla
magnet, GE Signa Excite HD; GE Medical Systems, Milwaukee,
WI, USA). The patients were examined using 16 channel
neurovascular head coil in the routine axial plane, using the
sagittal T2W, transvers propeller T2W (TR: 9000 ms, TE: 90
ms, NEX: 1.0, slice thickness: 5.5 mm, slice spacing: 1.5 mm)
coronal FLAIR T2W (TR: 4803 ms, TE: 107ms, NEX: 2.0, slice
thickness: 7 mm, slice spacing: 1.5 mm), axial 3D BRAVO
(TR: 9.25 ms, TE: 3.58 ms, NEX: 1.0, slice thickness: 1 mm,
slice spacing: 0.5 mm) DWI (TR6992 ms, TE: 84.4 ms, NEX:
2.0, slice thickness: 5 mm, slice spacing: 5.5).

Image Analysis

All measurements were done by one neuroradiologist, blinded
to patient and control groups and to the medical history, with
15 years of neuroradiology experience. Optic nerve sheath
diameter (ONSD) (from widest portion) and optic nerve (ON)
thickness (4 mm posterior to the globe) were measured on
axial T2W series (Figure 1). Transverse diameter of Meckel
cave (MCD) was measured on axial T2W series as well from
middle part of cave (Figure 2). Furthermore, superior sagittal
sinus area (SSSA) was measured from 1 cm superior of torcular
herophili on the same series. Area measurements were done
with manuel ROI drawing external contour of sinuses (Figure
3). Right transverse sinus area (RTSA) and left transverse
sinus area (LTSA) were also measured in a similar way from
sagittal T2W images from the middle part of sinuses.

Figure 1. Measurement of ONSD and OND
ONSD: Optic nerve sheath diameter, OND: Optic nerve diameter
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Figure 2. Measurement of MCD
MCD: Meckel cave diameter

Figure 3. Measurement of LVFHD, area of SSSA

LVFHD: Lateral ventricle frontal horne diameter, SSSA: Superior sagittal sinus area

Transverse sinuses were examined in terms of hypoplasia from
MPR images of axial 3D bravo series. Regarding ventricular
compression, transverse diameter of right lateral ventricle
frontal horn were measured on basal ganglions plane of axial
T2W series (Figure 3). The vertical length of sella cavity
(VLSC) (from the middle point of baseline to middle point of
diaphragma sella) on and A-P diameter of sella cavity (from
the tip of anterior clinoid to tip of posterior clinoid) were
measured on midsagittal plane of T2W sagittal series (Figure
4). Vertical length of pituitary gland (VLPG) was measured
on midsagittal plane.

Statistical Analysis

Statistical analysis was conducted by using SPSS 20 program.
Asthe data did not show normal distribution, a nonparametric
Mann-Whitney U test was run to compare the groups. p-value
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Figure 4. Measurement vertical length (thick line) and A-P diameter (thin
line) of sella cavity

was lower than 0.05 and this was interpreted as significant.
ROC analysis was performed for the cut oft values. ROC curves
were used for the comparison of sensitivity and specificity.

RESULTS

In this study total 59 patients consisting of 37 patient group
and 22 control group were evaluated. Average age was 39
(18-71) in the patient group and 41 (18-69) in the control
group and there was no statistically significant difference.
The patient group included 24 female and 13 male patients.
As to the control group, there were 13 female and 9 male
subjects. Averages and statistical values of the conducted
measurements were summarized in Table 1. Here 33 patients
reported headaches (89.1%), 24 patients reported visual
impairment (64.8%), 18 patients reported dizziness (48.6%),
16 patients (43.2%) reported back and neck pain, 7 patients
(18.9%) reported pulsatile tinnitus. Average opening pressure
CSF on LP was 380 mmH,O (280-430). In all patients the CSF
constituents was found to be normal.

Table 1. Comparison of measurements in ITH and control group

ITH (37) Control (22)
Mean SD Mean SD p
ONSD (mm) 8.0 1.0 5.0 0.6  <0.001
OND (mm) 3.0 0.5 2.9 0.4 0.225
MCD (mm) 7.0 1.7 4.9 1.2 <0.001
LVFHD (mm) 3.5 1.6 46 25 0.09
Sella A-P diameter (mm) 12.3 2.6 10.7 1.3 0.011
VLSC (mm) 9.2 2.1 7.2 0.9 <0.001
VLPG (mm) 2.7 1.1 5.1 1.9  <0.001
SSSA (mm?) 233 11.3 32.1 9.7 0.001
RTSA (mm?) 18.9 14.2 29.1 13.2 0.003
LTSA (mm?) 14.3 15.9 16.0 12.0 0.323

IIH: Idiopathic intracranial hypertension, ONSD: Optic nerve sheath diameter, OND: Optic nerve
diameter, MCD: Meckel cave diameter, LVFHD: Lateral ventricle frontal horne diameter, VLSC:

Vertical length of sella cavity, VLPG: Vertical length of pituitary gland, SSSA: Superior sagittal

It was found that there was statistically significant (p-value
<0.005) difference between patient group and control group
in terms of ONSD, MCD, SSSA, RTSA, LTSA, A-P diameter
of sella cavity, VLSC, VLPG, and hypoplasia of dural venous
sinus. On the other hand, there was no statistically significant
difference between the patient and the control groups
regarding transverse diameter of lateral ventricular frontal
horn, transverse diameter of optic nerve. The value of ONSD,
MCD, SSSA, RTSA, A-P diameter of sella cavity, VLS and
VLPG in the differential diagnosis of IIH positive patients
from control subjects was evaluated by the ROC curve. Since
ONSD showed an AUC of 0.996 with a cutoff value of 6.4 mm
>= (p<0.001), it was found to be highest reliable marker in the
differential diagnosis of ITH patients from the controls. Also
MCD showed an AUC of 0.850 with a cutoff value of 5.5 mm
>= (p<0.001). VLS showed an AUC of 0.826 with a cutoft value
of 8,8 mm >= (p<0.001)., A-P diameter of sella showed an AUC
of 0.697 with a cutoff value of 11.8 mm >= (p<0.001). VLPG
with a cutoft value of <=4mm (p<0.001 AUC:0.888), SSSA
with a cutoff value of <=26 mm (p<0.001, AUC:0.750) and
RTSA with a cutoft value of <=2Imm (p<0.001, AUC:0.729)
were reliable markers in the differential diagnosis of IIH
patients from the controls too. This relationship was displayed
in Figure 5, and Table 2.
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Figure 5. ROC curve of parameters in differential diagnosis of ITH patients
for control

ROC: Receiver operating characteristic, IIH: Idiopathic intracranial hypertension

Table 2. ROC of p-value significant parameters in differential diagnosis of

ITH patients for control

Cutoff value AUC/SD Specificity Sensitivity

ONSD (mm) >=6.4 0.996/0.003 1 0.973
MCD (mm) >=5.5 0.849/0.052  0.772 0.837
VLSC (mm) >=8.8 0.826/0.052  0.9545 0.621
VLPG (mm) <=4 0.887/0.047  0.727 0.945
SSSA (mm?) <=26 0.750/0.063  0.727 0.756
RTSA (mm?) <=21 0.729/0.068  0.818 0.702
Sella A-P diameter (mm) >=11.8  0.697/0.068  0.594 0.772

90-100: Excellent, 80-90: Good, 70-80: Fair, 60-70: Poor, 50-60: Fail, ROC: Receiver operating
characteristic, AUC: Area under curve, SD: Standard deviaition, ONSD: Optic nerve sheath
diameter, MCD: Meckel cave diameter, VLSC: Vertical length of sella cavity, VLPG: Vertical length

sinus area, RTSA: Right transves sinus area, LTSA: Left transves sinus area

of pituitary gland, SSSA: Superior sagittal sinus area, RTSA: Right transves sinus area
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When examined in relation to sinus hypoplasia, there was 59%
(n: 26) sinus hypoplasia in the patient group and 37% (n: 14) of
them were in LTS, 24% (n: 9) were in RTS and 8% (n: 3) were
bilateral. 45% (n: 10) rate of sinus hypoplasia was detected in
the control group. 40% (n: 9) of them were in LTS 4% (n: 1)
were in RTS. There were no patients with bilateral hypoplasia
in the control group. Sinus hypoplasia was significantly more
in the patient group than it was in the control group (p: 0.012).
Rate of LTS hypoplasia was similar in both groups, however
RTS hypoplasia was more in the patient group.

DISCUSSION

One of the most common findings related to ITH is the
distention of the ONS and tortuosity.”’ There has been multiple
research investigating this subject and it has been claimed by
some studies that distention of the ONS and tortuosity has not
changed statistically significantly.” In some studies, patients
with ITH and healthy people were compared through volume
measurement. According to the last study conducted based
on volume measurement," when ONS volume is higher than
201 mm?, it is interpreted as significant for IIH diagnosis.
Furthermore, it was emphasized in some studies, which were
based on measurement of the ONSD, that increase in the
diameter of the ONS is significant for the diagnosis of the ITH
and sensitivity and specificity were lower. However, to conduct
a volume measurement there should be either an automatic
volume measurement program or it should be carried out by
conducting semi-automatic volume measurement by drawing
ROI through external contour of the ONS on each section.
Semi-automatic volume calculation programs are used in the
centers with no automatic volume calculation program and
this is time-consuming. Therefore, diameters of the ONS and
ON were calculated in this study as it was fast and practical. It
was claimed in some studies that ON volume does not change
in patients with ITH while some assert that it increases in these
patients.' In this study, there was no difference between two
groups in terms of optic nerve diameter. As to the ONSD it
was statistically significantly higher in the patient group and
it was due to the CSF flow through intraorbital subarachnoid
distance as a result of intracranial pressure increase in the
patients with ITH. Furthermore, flattening in glob posterior
was observed due to the same mechanism.” Also, ONSD was
the highest reliable marker in the differential diagnosis of ITH
patients from the controls with a high AUC. In a patient with
suspected intracranial hypertension based on clinical and
examination findings when ONSD is higher than 6.4 mm, it
can be reported ITH with high sensitivity and specificity.

Compression and decrease in diameter of dural venous sinuses
resulting from pressure which is secondary to intracranial
pressure increase.'’ Superior sagittal sinus area was measured
from 1 cm superior of torcular herophili. When it is compared
to the control group, average of superior sagittal sinus area
was 23.3 mm? while it was 32.1 mm? in the control group and
there was statistically significant difference. In a similar study
Rohr et al.”” also ran cross-sectional area measurement from
superior sagittal sinus. When they compared the situation
before and after ITH treatment, they found that sinus area
increased after the treatment. In the present study, when SSSA
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is less than 26 mm?, it can be reported highly probable ITH
according to ROC analysis.

Transverse sinus stenosis is another ITH finding and it has been
seen in 30-93% of patients."’ There is no certain information
regarding whether stenosis is a cause or result of ITH.
Statistically significant rate of transverse sinus stenosis was
found in the study by Horev et al.' They measured diameters
of transverse sinus before and after lumbar puncture (L-P) and
compared the results. It was seen that diameters of transverse
sinus significantly increased after L-P. As to the ONS diameter
and pituitary gland height obtained after L-P, there was no
difference. However our study was based on routine MRI
and there was no examination of MR venography of the
patients. On the other hand, transverse sinus hypoplasia was
significantly more in the patient group (p: 0.012) when an
evaluation was conducted in terms of hypoplasia. The kind
of hypoplasia which was seen in the patient group was RTS
hypoplasia. To get a more optimal examination we conducted
measurement of the area instead of diameter, and when we
compared the results to the control group’s area of RTS was
found to be narrower in the patient group. There was no
significant difference regarding LTS area. The cause of average
area difference in transverse sinuses was actually the fact that
RTS hypoplasia was more in the patient group decreased
average of area. As LTS hypoplasia was not different in the
patient and control groups, average area measurements were
not also statistically different.

Distention of the Meckel’s cave is another ITH finding.'*"’ The
distention is caused by chronic intracranial pressure increase
and pouch, which is like meningocele, formed in spaces
filled with CSFE. On the other hand, there is also literature
claiming the narrowing in Meckel’s cave in ITH." There is also
publications showing that there is no change in MCD." To get
a quantitative evaluation, we measured transverse diameters
of Meckel’s cave at axial section. In this study, it was seen
that MCD was statistically significantly wider in the patient
group than the control group. In ROC analysis, MCD showed
high AUC. If MCD is higher than 5.5 mm in a patient with
suspected intracranial hypertension it can be reported highly
probable ITH with high sensitivity and specificity

Empty or partial empty sella appearance is a radiological
finding supporting IIH. Chronic intracranial pressure
increase and increase in CSF pressure cause compression
and height decrease in pituitary gland, and remodeling and
enlargement in sella bone structure.”' As a result, empty/
partial empty sella appearance is formed. When the relation
between vertical lengths of pituitary gland and sella were
examined in some morphological studies, it was found that
statistically significant decrease was seen in the patients with
ITH.""*" However, Beier et al.” claimed in their study that
empty sella was not related to IIH. Furthermore, Hoffmann
et al.' compared normal patients to the patients with IIH
by conducting volume measurement of pituitary gland. In
this study, we measured vertical length of pituitary gland.
Moreover, we measured vertical length of sella cavity and A-P
diameter of sella to distinguish it from empty/partial empty
sella appearance seen in elderly ages without any relation to
ITH. In the patients with ITH, vertical length of pituitary gland
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was seen to have decreased, and vertical length of sella cavity
and A-P diameter of sella was found to have increased. Both
VLSC and VLPG showed good AUC in differentiation of ITH
from to control subjects. A-P diameter of sella showed poor
AUC.

It has been stated by some studies in the literature that slit
like ventricles by ventricular compression is a finding of
ITH.” On the other hand, some studies claim that ventricular
configuration in IIH patients is normal.”** Zheng et
al.” compared changes of ventricular volume in normal
subjects and CVT related ITH. They did not find significant
difference in ventricular system volumes between these
groups. In this study diameter measurement was conducted
at ventricular system to obtain a quantitative evaluation. As
in hydrocephalus measurement of diameter was run from
lateral ventricle frontal horn. When the patient and control
groups were compared, there was no statistically significant
difference in terms of diameter of ventricles.

Limitations

Main limitation of this study was that the number of
patients was not high and there was no access to detailed
clinical information patients such as symptoms duration
period. To our knowledge, while there are many studies in
the literature on imaging findings of idiopathic intracranial
hypertension, the number of studies providing cut-off values
is quite limited. However, our study is preliminary, and we
believe that cut-off values can be correlated with larger patient
groups in larger centers. Furthermore, there was no optimal
evaluation in terms of venous stenosis due to the absence of
MRI venography.

CONCLUSION

As a result, final diagnosis of IIH is achieved through
measurement of CSF pressure after LP although clinical
findings and imaging may help the process. We believe that
this study can make an important contribution the diagnosis
ITH and follow-up period after its treatment by measuring
ONSD, MCD, Sella A-P and vertical diameter, vertical length
of pituitary gland and SSSA. Sometimes it can be confusing
whether it is within normal limits or pathological when
reporting ITH cranial MR imaging findings such as increase of
ONSD, MCD or decrease of VLPG. According to present study
it can be reported highly probable ITH when the measurements
are higher than 6.4 mm for optic nerve sheath diameter, 5.5
mm for Meckel cave diameter, 8.8 mm for vertical length of
sella and less than 4 mm for vertical length of pituitary gland,
26 mm?* for superior sagittal sinus area and 21 mm? for right
transverse sinus area in a patient with suspected intracranial
hypertension based on clinical and examination findings.
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