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|[diopathic Intracranial Hypertension

Halil Onder® ¢, Erol Erkan®

Abstract

Background: Recently, optical coherence tomography (OCT) has en-
hanced our understanding of visual disturbances in idiopathic intrac-
ranial hypertension (IIH). Its importance in the evaluation process of
IIH has been established; however, there are many unknown aspects
regarding the relationship of OCT measurements with several clini-
cal features of IIH. Herein, we aimed to investigate the associations
of OCT measurements with neuroimaging findings and some clinical
parameters in our cohort with ITH.

Methods: Patients over 18 years of age presenting to the neurology
and neuro-ophthalmology outpatient clinics, between 2017 and 2019,
who were diagnosed with IIH were included in the study. Cranial
magnetic resonance imaging (MRI) recordings were retrospectively
evaluated for the presence of neuroimaging signs of intracranial hy-
pertension. Peripapillary retinal nerve fiber layer (RNFL) measure-
ments and other clinical parameters were retrospectively evaluated
from the hospital recoding system. SPSS Statistics (version 20) were
used for statistical analyses.

Results: We have included 18 patients of IIH with a mean age of 38.6
years (range: 19 - 69 years) and female/male ratio was 17:1. Mean
body mass index (BMI) of the patients was 30.5 = 5.7 and mean lum-
bar puncture (LP) opening pressure was 313.8 £ 66.6 mm H,0. Cor-
relation analyses between LP opening pressure and average RNFL
thickness of the right eye revealed a significant positive correlation.
The results of the other correlation analyses were unremarkable.

Conclusions: We have found a significant correlation between LP
opening pressure and RNFL thickness of the right eye. No association
between RNFL measurement and MRI signs of intracranial hyper-
tension was found. Investigating the possible associations between
RNFL measurements and the clinical and neuroimaging signs in fu-
ture studies may provide crucial contributions regarding the unknown
aspects of IIH pathophysiology.
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Introduction

Idiopathic intracranial hypertension (IIH) is characterized by
diffuse, chronic headache and visual disturbances whose diag-
nostic criteria include papilledema, normal cerebral magnetic
resonance imaging (MRI) and cerebrospinal fluid (CSF) com-
position, normal neurological examination except for the sixth
nerve abnormalities and increased CSF pressure (> 25 cm H,0)
measured by lumbar puncture (LP) [1]. Imaging findings such
as an empty sella, optic nerve head (ONH) protrusion, posterior
scleral flattening or increased perioptic CSF may support the
diagnosis [2]. Optical coherence tomography (OCT) has been
identified as a crucial method to accurately monitor the ONH
volume and neuroaxonal retinal damage [3]. Remarkably, the
utility of OCT technique in the clinical evaluation processes of
ITH has been shown in multiple studies, previously [4-8]. The
results of these studies have shown increased ONH volume in
IIH patients [4], decreasing ONH volume on treatment for ITH
[5]. In conclusion, it has been suggested that retinal nerve fiber
layer (RNFL) thickness (a measurement of retinal fiber thick-
ness on OCT) can be a more reliable criterion for quantitating
the papilledema compared with ophthalmoscopy alone, which
is subjective and may reflect significant interobserver variabil-
ity [9]. However, there are still debates about the function of
ONH volume measurements as well as the pathophysiology
which they are reflecting. We think that the investigation of
OCT results in these patients and comparing them with clini-
cal features may provide substantial perspectives regarding
the unknown aspect of the IIH pathophysiology. Therefore,
herein, we aimed to investigate the associations of OCT meas-
urements of peripapillary RNFL thickness with neuroimaging
findings and some clinical parameters in our cohort with IIH.

Materials and Methods

Patients over 18 years of age presenting to the neurology and
neuro-ophthalmology outpatient clinics, between 2017 and
2019 with bilateral papilledema and no localized neurologic
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findings other than abducens palsy, if a diagnosis of intracra-
nial mass lesion and hydrocephalus was excluded by imaging
and an initial measured CSF pressure of > 250 cm H,O, were
included. Modified Dandy criteria were used for the diagnosis
of ITH. Written informed consents were obtained from all pa-
tients and this study was approved by the Institutional Review
Board. The study was retrospective in design. Clinical, neuro-
imaging and OCT measurements of these patients were retro-
spectively evaluated. Patients who were not investigated with
OCT at admission (prior to LP) were excluded from the study.

The clinical manifestations of the patients, visual ex-
aminations and follow-up data of them were evaluated. Body
mass index (BMI) was calculated for each patient. Neuro-oph-
thalmological examination, visual field testings (VFT) with a
Humphrey Field Analyzer at the ophthalmology unit and OCT
tests were performed. Cranial MRI and magnetic resonance
venography (MRV) had been performed in a single session in
all the patients using a 1.5 Tesla Magnetom Amira MRI scan-
ner (5-mm slice thickness).

The images were assessed by a neurologist (HO) in the
supervision of a radiology specialist (TK) who is particularly
interested in neuroimaging. Conventional cranial MRI stud-
ies were evaluated in terms of ONH protrusion, posterior
scleral flattening, increased perioptic CSF, optic nerve tortu-
osity, partial empty sella, tonsillar herniation, enlargement of
Meckel’s cave, and meningoceles. However, it was realized
that the quality of MRV images was insufficient to be used
for interpretations; and therefore, they were excluded from
analyses. Unfortunately, transverse sinus stenosis (TSS) could
not be evaluated due to the suboptimal images of MRV. Par-
tial empty sella was defined as the presence of CSF in > 50%
the pituitary fossa [10]. Posterior flattening of the globe was
diagnosed when the normal convexity at the origin of the op-
tic nerve was flattened in the orbital MRI [11]. Optic nerve
protrusion was defined as the loss of its convexity at the point
of entry into the globe and attainment of a concave form, as
shown by MRI [12]. Vertical tortuosity of the optic nerve is
defined as the presence of an “S” shaped optic nerve in sagittal
cranial MR images. Increased perioptic CSF is diagnosed in
the presence of a calculated CSF distance of > 2 mm around
the optic nerve in coronal cross-sections [10]. Inferior tonsillar
displacement is defined as a > 5 mm downward displacement
of cerebellar tonsils as compared to normal anatomical loca-
tion. Enlargement of Meckel’s cave was evaluated as promi-
nent or increased fluid signal expanding Meckel’s cave but not
distorting the contours [13]. LP had been performed in all of
the patients after radiological examination, and CSF opening
pressure, cell content, and biochemistry were evaluated.

Both eyes of patients who met the study criteria under-
went a complete ophthalmic evaluation including Snellen vis-
ual acuity (VA), biomicroscopy of the anterior and posterior
segments, automated perimetry (Swedish Interactive Thresh-
old Algorithm standard 24-2 strategy, Humphrey Visual Field
Analyzer; Carl Zeiss Meditec, Dublin, CA), and OCT imag-
ing. A 90-D lens biomicroscopic assessment of the degree of
papilledema was based on the scheme proposed by Frisen. No
patients had signs of atrophic papilledema. OCT scanning was
performed (Cirrus 5000 HD OCT; Carl Zeiss Meditec) after
pharmacologic mydriasis with 1% tropicamide. Image acquisi-
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tion was performed with the Fast RNFL Thickness (3.46) strat-
egy. Satisfactory image quality was defined as good centration
on the optic disc and signal strength of 7 or greater. RNFL
thicknesses were obtained with the built-in OCT software
RNFL Thickness Average Analysis protocol. A color-coded
graph displays the RNFL measurements and compares them
with the age-matched data of a normative database.

Statistical analyses were performed to compare the neu-
roimaging findings in IIH and cerebral venous thrombosis
(CVT) groups in order to detect any difference that can be
meaningful in the diagnosis. A value of total MRI score was
formed by adding the number of existing abnormal MRI pa-
rameters among all the eight specified criteria. This score was
used while evaluating the association between MRI findings
and clinical parameters, LP opening pressure in the correlation
analyses and comparative analyses. In addition, the diagnostic
sensitivities of all the MRI parameters were evaluated sepa-
rately. Besides, the diagnostic sensitivities of a combination
of any two findings in patients with ITH were also calculated.
Continuous variables were assessed using mean =+ standard de-
viation and median (minimum - maximum), while categorical
variables were summarized with percentages. The between-
group comparisons for continuous variables were performed
with independent #-test, while Chi-square and Fisher exact tests
were used for the categorical data. The correlations between
two continuous variables were evaluated with Pearson correla-
tion. Univariate linear regression analyses were also performed
to exclude the effect of BMI while evaluating the association
between MRI scores and LP opening pressures. Levene’s test
was used to compare the means of some clinical parameters
between distinct ITH groups those classified according to a cut-
off value of LP opening pressure (300 mm H,0O). All statistical
analyses were performed with SPSS Statistics for Windows
(version 20, IBM Corp., Armonk, NY, USA). A P value < 0.05
was considered statistically significant.

Results

We have included 18 patients of IIH with a mean age of 38.6
years (range: 19 - 69 years) and female/male ratio was 17:1.
Mean BMI of the patients was 30.5 £ 5.7, which was higher
than the obesity threshold. Mean LP opening pressure was
313.8 £ 66.6 mm H,O, and total MRI score, evaluating the
sum of positivity of the eight findings of intracranial hyper-
tension was 2.5 + 1.2. OCT measurements revealed that the
average RNFL thickness was 113.8 + 52.9 um in the right eye,
whereas it was 111.3 +47.2 um in the left eye (Table 1).

Correlation analyses between LP opening pressure and
average RNFL thickness of the right eye revealed a significant
positive correlation (r: 0.470; P value: 0.049) (Fig. 1). The val-
ue of the correlation coefficient between LP opening pressure
and the RNFL thickness of the left eye was 0.440 (P = 0.067),
whereas it was 0.427 (P = 0.077) with the mean RNFL thick-
ness. The results of the other correlation analyses investigating
the association with other clinical and neuroimaging features
were non-significant (Table 2).

We have also made comparative analyses after categoriz-
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Table 1. Clinical Features of the Patients

N=18 (F/ M =17:1) Mean £+ SD Minimum Maximum
Age 38.6 £ 14.9 19 69

BMI 30.5+5.7 20.3 39.5

LP opening pressure (mm H,O) 313.8+66.6 230.0 440.0
Total MRI score 25+12 0.0 5.0
Average RNFL thickness (right/um) 113.8 +52.9 75.0 316.0
Average RNFL thickness (left/pum) 111.3+47.2 77.0 284.0

F: female; M: male; SD: standard deviation; BMI: body mass index; LP: lumbar puncture; MRI: magnetic resonance imaging; RNFL: retinal nerve

fiber layer.
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Figure 1. Graphic analysis demonstrating the correlation between LP opening pressure and average RNFL thickness of the right
eye. LP: lumbar puncture; RNFL: retinal nerve fiber layer.

Table 2. Correlation Analyses Between OCT and MRI Measurements and Some Clinical Features

Correlations R value P value
Total MRI score - RNFL (mean) 0.275 0.269
Total MRI score - average RNFL-right 0.150 0.554
Total MRI score - average RNFL-left 0.157 0.535
LP opening pressure - RNFL (mean) 0.427 0.077
LP opening pressure - average RNFL-right 0.470* 0.049*
LP opening pressure - average RNFL-left 0.440 0.067
BMI - RNFL (mean) 0.002 0.993
BMI - average RNFL-right -0.023 0.928
BMI - average RNFL-left -0.018 0.944
Total MRI score - LP opening pressure 0.032 0.900
Total MRI - BMI 0.184 0.464
LP opening pressure - BMI 0.063 0.803

*Correlation is significant at the 0.05 level (two-tailed). OCT: optical coherence tomography; MRI: magnetic resonance imaging; RNFL: retinal nerve
fiber layer; LP: lumbar puncture; BMI: body mass index.
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Table 3. T-Test Comparing the Clinical, MRl and OCT Measurements Between Patient Groups Categorized According to Cut-Off LP
Opening Pressure of 300 mm H,O (Levene’ s Test)

LP opening pressure (mm H,0) N Mean SD P value

Average RNFL-right
<300 10 98.0 16.5 0.079
>300 8 133.7 75.0

Average RNFL-left
<300 10 98.2 18.1 0.070
>300 8 127.7 66.6

RNFL-mean
<300 10 103.1 239 0.176
>300 8 132.0 69.7

BMI
<300 10 293 4.1 0.046*
>300 8 31.9 7.2

Total MRI score
<300 10 2.4 1.5 0.433
>300 8 2.6 0.9

*BMI values were higher in the patient group with higher LP opening pressure values. MRI: magnetic resonance imaging; OCT: optical coherence
tomography; LP: lumbar puncture; RNFL: retinal nerve fiber layer; BMI: body mass index; SD: standard deviation.

ing the patients according to LP opening pressure value. The able (Table 3). The analyses were also repeated after categoriz-
results of the initial analyses according to the cut-off value ing the patients according to a cut-off value of 400 mm H,O.
of 300 mm H,O revealed that BMI values were higher in the The results of the latter analyses revealed that mean RNFL
patient group with higher LP opening pressure values (P = measurements were significantly higher in the patient group
0.046). The results of the other comparisons were unremark- with LP opening pressure higher than 400 mm H,O (Table 4).

Table 4. T-Test Comparing the Clinical, MRI and OCT Measurements Between Patient Groups Categorized According to Cut-Off LP
Opening Pressure of 400 mm H,O (Levene'’s Test)

LP opening pressure (mm H,0) N Mean SD P value

Average RNFL-right
<400 15 101.8 17.6 0.000%*
>400 3 174.3 122.6

Average RNFL-left
<400 15 101.2 20.9 0.000*
>400 3 161.6 106.3

RNFL-mean
<400 15 105.5 22.3 0.000*
>400 3 168.0 114.4

BMI
<400 15 30.5 5.1 0.226
> 400 3 30.3 9.6

Total MRI score
<400 15 24 1.3 0.268
>400 3 2.6 0.5

*RNFL measurements were significantly higher in the patient group with LP opening pressure higher than 400 mm H,O. MRI: magnetic resonance
imaging; OCT: optical coherence tomography; LP: lumbar puncture; RNFL: retinal nerve fiber layer; BMI: body mass index; SD: standard deviation.
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Table 5. Frequencies of the MRI Signs of Intracranial Hyper-
tension in Our Patient Group

N %

Optik nerve head protrusion
) 2 11%
() 16

Posterior scleral flattening
+) 8 44%
() 10

Increased perioptic CSF
) 15 83%
¢) 3

Optik nerve tortuosity
+) 9 50%
¢)

Empty partial empty sella
€3] 7 39%
() 1

Tonsillar herniation
+) 0 0%
() 18

Enlargement of Meckel’s cave
+) 4 22%
) 14

Meningoceles
+) 0 0%
-) 18

MRI: magnetic resonance imaging; CSF: cerebrospinal fluid.

Among the neuroimaging parameters, the most common
two findings were increased perioptic CSF (83%) and optic
nerve tortuosity (50%), respectively (samples of some neuro-
imaging signs from our cohort) (Table 5 and Fig. 2).

Discussion

In this study, we have found that RNFL measurements were
significantly higher in the patients with LP opening pressure
more than 400 mm H,O. However, no a difference was found
when the cut-off value was determined as 300 mm H,O. Cor-
relation analyses revealed a significant correlation between LP
opening pressure and RNFL thickness of the right eye and a
trend towards significance in the left eye measurements (r =
0.440, P = 0.067). In literature, some reports showed positive
correlations between the CSF opening pressure and peripapil-
lary RNFL measurements [7, 14]. However, there are also oth-
er authors reporting non-association between the CSF opening
pressure and RNFL thickness [6, 8], as in our report. Previous
reports regarding the utility of OCT in the clinical evaluation
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processes of IIH have shown positive correlations between
papilledema grade and RNFL measurements multiple times,
confidingly [6, 7, 15]. However, it is known that LP opening
pressure, which is a vital criterion for the diagnosis of IIH,
has no a validated utility in prognostication of the patients as
well as predicting the visual disturbances in the acute period or
long term. Besides, the association between papilledema grade
and LP opening pressure has not even been reliably demon-
strated in the literature. Therefore, we think that the results of
the previous reports supporting the association between LP
opening pressure and OCT measurements should be inter-
preted cautiously to avoid misleading conclusions. Actually,
there may be several additional factors influencing the clini-
cal outcome of papilledema (other than LP opening pressure,
a criterion reflecting the increased intracranial pressure) and
its causal relationship with the degree of intracranial hyper-
tension, such as duration of the disease, intraocular pressure,
possible differing intracranial pressure dynamics individually
as well as the differing dura histology and physiology which
plays a critical role in transmission of the increased pressure
[16]. Taken together, while interpreting the results of the stud-
ies investigating the association between LP opening pressure
and RNFL thickness, we should keep in mind that many of
these confounding factors would be involved in this associa-
tion (whose exclusion would not be possible). In accordance
with this thought, we have found a significant difference in
RNFL measurements when we grouped the patients according
to the LP opening pressure of 400 mm H,O; however, this dif-
ference was not present between the patient groups categorized
according to the cut-off value of 300 mm H,O. We think that
in substantial values of intracranial pressure increments, the
effects of these potential confounding factors might be insuf-
ficient to affect the RNFL values, which was probably not the
case in the latter categorization (according to 300 mm H,O).
Another critical conclusion was that we have not found a
correlation between total MRI score of intracranial hyperten-
sion and LP opening pressure measurements. In a unique study
by Tuncel et al, also no correlation was found similar to our
report [17]. In another study by Saindane et al, an advanced
MR imaging technique highly sensitive to brain motion was
used to show the correlations between pontine displacement
and LP opening pressure which yielded positive results [18].
However, in this study, the conventional neuroimaging find-
ings of intracranial hypertension (investigated in our study)
were not evaluated. Ergo, we think that the results of our study
investigating the relationship between LP opening pressure
and neuroimaging signs, which are strictly rare in literature,
are crucial in this regard. On the other hand, we also evaluated
the frequency of these signs one by one in our patient group,
in conclusion of which we have found significantly high rates
of the presence of these findings. The sensitivity of these MRI
signs in patients with IIH varies widely between studies, with
reported rates of between 6% and 72% [2, 19]. Remarkably,
we have determined that the increased perioptic CSF was
present in 83% of the patients and optic nerve tortuosity was
present in 50% of them, which were significantly high accord-
ing to the previously reported rates. Nevertheless, our patient
group was not wide enough to make ambitious conclusions on
this issue. Besides, interpreter of the MRIs was not blinded to
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Figure 2. Images from the patients with IIH. (a) Empty sella. (b) Increased perioptic CSF. (c) Optic nerve tortuosity. (d) Optic
nerve head protrusion (arrows). |IH: idiopathic intracranial hypertension; CSF: cerebrospinal fluid.

the diagnosis, which might have led a bias effect in the results.

Another crucial issue in this regard may be the relation-
ship between BMI and ITH [20-22]. The association between
increased BMI and increased risk of IIH has been well estab-
lished in the literature. However, the causal relationship between
these two entities, and its BMI relationship to visual outcomes
in ITH are issues which remain to be elucidated. The mean BMI
was 30.5 + 5.7 in our group which was higher than the limit
for obesity. However, it is remarkable to state that we have not
found any association between BMI and LP opening pressure,
the total MRI score or RNFL measurements. On the other hand,
BMI was significantly higher in the patient group with LP open-
ing pressure of > 300 mm H,O in comparison to the remaining
patient group. Of note, when the analyses were repeated after
categorizing according to the cut-off value of 400 mm H,O, the
significance did not persist. We interpret these results as that the
high mean of BMI in our cohort was in accordance with the
literature evidence emphasizing obesity as a risk factor of ITH.
However, negative correlation results and non-significance of
the differences of BMI in the subgroup with strictly high LP
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opening pressure also support that obesity does not play an ac-
tive role during the course of the disease. Future large-scale
studies are surely warranted to clarify these discussions.

In conclusion, we have found a significant correlation be-
tween LP opening pressure and RNFL thickness of the right
eye. However, measurements of RNFL thickness were sig-
nificantly higher in the patient group with LP opening pres-
sure higher than 400 mm H,O. No association between RNFL
measurement and MRI signs of intracranial hypertension was
found. Future large-scale studies are warranted to clarify our
conclusions. Investigating the possible associations between
RNFL measurements and the clinical and neuroimaging signs
in these studies may provide crucial contributions regarding
the unknown aspects of IIH pathophysiology.
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