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Characterization of Ocular Sonography Findings and their
Relationship to Clinical Features from a South Indian Cohort of
Idiopathic Intracranial Hypertension
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Background: Idiopathic intracranial hypertension (IIH) typically manifests with headache, accompanied by papilledema and visual loss, and
has a higher prevalence in females. In recent years, ocular sonography, particularly, measurement of optic nerve sheath diameter (ONSD), is
being investigated for diagnosis of IIH. Methods: A total of 35 patients over the age of 18 years, fulfilling the modified Dandy’s criteria for
diagnosis of IIH were included. Patients underwent assessment with magnetic resonance imaging, lumbar puncture, and ocular sonography
to measure ONSD and ocular arterial indices. Results: The mean ONSD values (in centimeters) in the right eye of patients with IIH was
0.57+0.13, while it was 0.48 = 0.03 in controls. In the left eye, the mean ONSD value (cm) was 0.59 + 0.13 in patients with IIH and 0.48 + 0.03
in controls. ONSD was significantly higher in cases compared to controls (P < 0.001, Welch test). Pulsatility index of the central retinal artery
was significantly higher in cases compared to controls (P < 0.001, Welch test). Resistance index of the ophthalmic artery was statistically
significant (P < 0.005, Welch test). Receiver operating characteristic curve analysis revealed a cutoff value of 5.1 mm on the right side and
5 mm on the left side had a sensitivity and specificity of more than 80% for IIH diagnosis. Conclusion: Our study provides insights into the
utility of optic nerve sheath measurements and arterial indices in the diagnosis of IIH in a South Indian cohort. Further research is needed to

fully understand the longitudinal relationship of these parameters and treatment outcomes in IIH.
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INTRODUCTION

Idiopathic intracranial hypertension (IIH) typically manifests
with headache, accompanied by papilledema and visual loss,
and has a higher prevalence in females.['" It is characterized by
increased intracranial pressure without evidence of structural
lesions and normal cerebrospinal fluid (CSF) findings.
As a result, [TH is a diagnosis of exclusion, necessitating
neuroimaging and lumbar puncture for accurate diagnosis.
In recent times, noninvasive techniques like transorbital
sonography and Doppler have been explored to aid in
diagnosing and monitoring patients with ITH.!!

The optic nerve is surrounded by a flexible subarachnoid
space known as the optic nerve sheath. The rise in intracranial
CSF pressure in [IH directly leads to distension of the optic
nerve sheath. Ocular sonography, in the context of IIH, is
primarily used to measure the diameter of the optic nerve
sheath (ONSD).?! It can also provide valuable insights into
the real-time hemodynamic characteristics of the central
retinal artery (CRA) and the ophthalmic artery (OA), such
as peak systolic velocity, pulsatility index (PI) and resistance
index (RI).[”

Measurement of ONSD has proven to be most useful in
diagnosing IIH. The procedure involves measurements of the
optic nerve sheath at a distance of 3 mm posterior to the globe,
in the anterior part of the optic nerve, where trabeculations

are less dense and the nerve sheath is more distensible.F!
Such measurements have demonstrated reproducibility and
minimized intraobserver and interobserver variability.
Nevertheless, normal ONSD values at this location may vary
between studies, ranging from 0.44 to 0.57 cm.*!1 ONSD
values and cutoffs for diagnosing ITH might also differ
with factors such as age, gender, body mass index (BMI),
ethnicity, and differences in method of measurement.'” ONSD
measurements obtained by magnetic resonance imaging (MRI)
may yield higher values than those acquired through
ultrasound.™

While the role of ONSD in IIH has been investigated in
a few studies, the significance of arterial hemodynamic
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indices remains uncertain. This simple procedure involves
applying low-frequency (2 MHz) ultrasound waves through
a transorbital approach.'*! Although these indices are likely
associated with raised intracranial pressure syndromes caused
by various factors, Although ocular arterial indices may be
affected by raised intracranial pressure syndromes caused by
various factors, relationship between these indices and ITH
is not clear.!'¥ Therefore, further investigation is required to
understand the relationship between these arterial indices and
ONSD values.

Notably, ONSD values and ocular arterial indices have not
been systematically studied in the Indian population with ITH.
This study aims to address this knowledge gap by examining
the utility of ONSD measurement and arterial indices in
diagnosing IIH and exploring their association with clinical
and neuroimaging findings within a well-characterized cohort
of IIH patients.

Patients AND MEeTHODS

The study was conducted at a tertiary care center in South
India from February 2019 to October 2020 after approval of
the Institute Ethics Committee. The informed consent was
taken from all participants. A total of 35 patients over the
age of 18 years, fulfilling the modified Dandy’s criteria'> for
diagnosis of IIH were included. Collection of demographic
details, BMI measurements, neurologic examination, visual
acuity testing using Snellen’s chart, fundus examination, and
visual field charting were performed for all patients. Patients
on drugs that may cause raised Intracranial pressure (ICP),
for example, oral contraceptive pills, patients with high serum
retinol levels, and those in whom other causes of raised ICP,
such as cerebral venous thrombosis or a space-occupying
lesion, had been identified were excluded. Magnetic resonance
venography (MRV) was performed in all patients to rule out
Cerebral Venous Thrombosis (CVT).

Lumbar puncture was done after obtaining written informed
consent from the patients after they were explained the risks
and benefits of the procedure. CSF pressure was measured in
the lateral recumbent position with the help of a manometer
after straightening the patients’ legs, and a narrow-bore spinal
needle (21/22G needle) was used to minimize CSF leakage.
CSF pressure was measured after stabilization of the CSF
column. An experienced neurologist who was trained by a
neuroradiologist conducted the ocular ultrasound procedure.
The neurologist was not blinded to the diagnosis of ITH.
Ultrasound was done using the Esaote MyLab gamma scanner
with a frequency range of 3—13 MHz and a field of view
14-47 mm. The subjects were in the supine position with the
eyes closed and were instructed to look straight. The optic
nerve was identified and measured in a horizontal direction
from 3 mm behind the optic nerve head, and ONSD was
measured in both eyes. Later, CRA and OA arterial indices
were measured. CRA was located along the optic nerve, and
OA was identified by a large-caliber artery beside the optic

nerve at 40-50 mm depth. ONSD was also measured in 26
healthy controls, and arterial indices were measured in 21
healthy controls.

Statistical analysis

Symptom analysis was done by frequency analysis, and
descriptive analysis was performed to obtain the mean and
standard deviation for quantitative variables and frequencies
and proportions for categorical variables. Chi-square test was
used to compare categorical outcomes between the study
groups. Correlation was examined between CSF pressure,
ONSD values, and arterial indices, and association between
categorical variables such as visual acuity and fundus findings
was examined using the Chi-square test.

Normal distribution was assessed by the Shapiro—Wilk test,
and a P value of <0.05 was considered as normal. Independent
samples ¢-test was used to compare the mean values of
normally distributed parameters. Mann—Whitney U test (two
groups) was used to compare the median and interquartile
range for non-normally distributed parameters.

Pearson correlation coefficient was calculated to assess the
correlation between quantitative explanatory and outcome
variables. P value <0.05 was considered statistically significant.
International Business Machine Statistical Package for the
Social Sciences version 20 was used for statistical analysis.

ResuLts

Demographic and clinical features
The baseline characteristics of patients and controls are
summarized in Table 1.

Thirty-five patients underwent measurement of ONSD, along
with 26 controls. The mean age of patients was 30 + 8.4 years,
ranging from 18 to 56 years. Majority of the patients (90%)
were females. It was found that 25.7% of patients had a normal
BMI (18.5-22.9 kg/m?), whereas 37.14% were overweight and
37.14%% were obese.

The most common visual field defect was enlargement of the blind
spot (45.32%). Constriction of the visual field was seen in 23.80%
of patients. Scotoma was seen in one patient, and two patients
had extremely poor vision that precluded visual field testing.
Moreover, 44.05% eyes had impaired vision at baseline, while
only 13.1% eyes had impaired acuity at discharge. Our results
also showed that 81.25% eyes had 6/6 vision and 12/64(18.75%)
had impaired vision at a mean follow-up duration of 120 days.

Most patients (69.02%) received intravenous 20% mannitol in
a dose of 100 ml at 6-8 h intervals until symptoms subsided,
followed by a slow taper over 1-2 weeks. For maintenance
therapy, acetazolamide was given in the majority (92.85%),
while topiramate, oral glycerol, and oral methylprednisolone
were used in one patient each.

The most predominant MRI findings were partial empty
sella (95.23%), perioptic sheath dilatation and flattening of
the sclera (90.47%), optic nerve kinking (43%), and transverse
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sinus stenosis (40.47%). The mean CSF pressure was
279.404 + 64.95 mm of H,0. Biochemistry and microbiologic
analysis of CSF were normal.

Ocular sonography
The ONSD values and arterial indices are summarized in
Table 2.

The mean ONSD value (in centimeters) in the right eye of
patients with ITH was 0.57 + 0.13, while it was 0.48 + 0.03
in controls. In the left eye, the mean ONSD value (cm) was
0.59 £ 0.13 in patients with ITH and 0.48 + 0.03 in controls.
This is depicted in Figure 1.

ONSD was significantly higher in cases compared to
controls (P<0.001, Welch test). PI of CRA was significantly higher
in cases compared to controls (P <0.001, Welch test). RIs of right
OA (P=0.05) and left OA (P <0.005, Welch test) were statistically
significant. Table 3 shows a comparison of ocular ultrasound
parameters between cases and controls.

Receiver operating characteristic curve analysis [Figure 2] revealed
a cutoff value of 0.51 cm on the right side and 0.5 cm on the left
side had a sensitivity and specificity of more than 80% for IIH
diagnosis. One patient had normal pressure and elevated ONSD.

RI of both CRAs at cutoff values of 0.7 and 0.69 had a sensitivity
of 71% and 79%, respectively, for the diagnosis of ITH.

Correlation studies

At the group level, presence of papilledema did not correlate
with visual acuity. However, subgroup analysis showed that
papilledema of grade 3 or more had significant correlation with
visual acuity (P = 0.03). CSF pressure had a weak positive
correlation with baseline visual acuity (P = 0.02). However,
CSF pressure did not show significant correlation with ONSD.
Moreover, no correlation was observed between ONSD and
baseline visual acuity or papilledema. There was no correlation
between CSF pressure and ocular arterial indices. There was
a significant positive correlation between visual acuity and PI
of right CRA (P < 0.001, Levine test).

ONSD values (cm) in Cases and Controls

0.5
0.4
0.3
0.2
0.1

0

ONSD(Right eye) ONSD (Left eye)

M Cases M Controls

Figure 1: ONSD cut-off for IIH diagnosis. ONSD = optic nerve sheath
diameter

Discussion

We present here the ocular sonography findings and their
association with clinical features in a well-characterized cohort
of ITH patients in an Indian setting. Our patients’ age and gender
and BMI distribution are similar to those of previously studied
ITH cohorts. The clinical features, including symptomatology,
visual acuity findings, presence of papilledema, and CSF
pressures, align with the findings reported in the literature.[!

Various ONSD cutoff values have been reported in literature,
which could be attributed to the ethnic variations and
methodologic differences between study populations.['? In
our study, we derived ONSD cutoffs for the diagnosis of

Table 1: Baseline characteristics of cases and controls
Cases (1=35) Controls (n=26)

Age in years, mean+SD 30+8.4 28+7
Gender, females (%) 90 80.7
Symptoms (%) Asymptomatic
Headache 95.23 (100%)
TVO 40.47
Diplopia 30.95
Vision loss 33.33
Nausea 38.09
Vomiting 26.19
Tinnitus 23.80
Neck pain 21.42
Fundus examination Normal
Papilledema (%) fundus (100%)
Grade 1 19.04
Grade 2 28.57
Grade 3 33.33
Grade 4 4.76
Normal (%) 11.90
Optic atrophy (%) 2.38
Corrected visual acuity ~ 47/84 (55.95%) eyes had 6/6 in both
6/6 vision at baseline eyes (100%)

TVO = Transient visual obscurations

Table 2: Ocular ultrasound parameters in patients with
IIH

Mean Standard Number of
deviation eyes studied
Right ONSD 0.533 0.108 61
Left ONSD 0.544 0.115 61
RI of right CRA 0.686 0.094 55
PI of right CRA 1.240 0.346 55
RI of left CRA 0.710 0.126 55
PI of left CRA 1.362 0.520 55
RI of right OA 0.749 0.123 55
PI of right OA 1.426 0.332 55
RI of left OA 0.756 0.082 55
PI of left OA 1.495 0.346 55

CRA=central retinal artery, CSF=cerebrospinal fluid, IIH=idiopathic
intracranial hypertension, OA=ophthalmic artery, ONSD=optic nerve
sheath diameter, PI=pulsatility Index, RI=resistance index. ONSD values
in centimeters, CSF pressure in mm of H,0
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Figure 2: ONSD values in cases and controls. ONSD = optic nerve sheath
diameter, ROC = receiver operating characteristic

ITH in the South Indian population. This holds significant
implications as the standard values and cutoffs specific to [IH
in the Indian population have not been previously documented.
The measurement of ONSD using Ultrasonography (USG) is
a simple, fast, noninvasive, and reliable method. We followed
the standard practice of measuring ONSD values 3 mm behind
the optic nerve head, similar to previous studies.!*!?!

Our study confirms that ONSD values in IIH patients were
significantly higher than in controls, a well-established
observation reaffirmed in our research.*'?l However, the
mean ONSD values in our IIH patients were slightly lower
than those reported previously.*'? It is possible that racial
and ethnic differences and larger height and body habitus
among Caucasians may account for the differences in ONSD
observed between studies. The cutoffs we determined for [TH
diagnosis (0.51 cm in the right eye and 0.5 cm in the left eye)
fall within the range of previously reported values (ranging
from 0.48 to 0.63 c¢cm).[*'2l A summary of our findings of
the mean ONSD values and cutoff points for IIH diagnosis
compared to previous studies is provided in Table 4.

The optic nerve sheaths, being direct continuations of
intracranial meningeal layers, are susceptible to dilation due
to changes in intracranial pressure when CSF is pushed toward
the small rim of the subarachnoid space between the sheath and
the nerve.!'¥ This is particularly prominent over the anterior
part of the optic nerve, where it is most distensible due to
sparse trabeculations. Elevated ONSD likely reflects chronic
ICP changes in ITH. While optic nerve sheath enlargement in
IIH can be unilateral or asymmetric,!'”? our study did not find
any significant asymmetry between both eyes.

Although a positive correlation between CSF opening
pressure and ONSD values has been demonstrated in some
earlier studies,” our study failed to demonstrate a significant

Table 3: Comparison of ocular ultrasound parameters
between cases and controls

Variable Cases Controls t P
Mean (SD) Mean (SD)

ONSD (right eye) 0.57 (0.13) 0.48 (0.03) 4210  <0.001
ONSD (left eye) 0.59 (0.13) 0.48 (0.03)  5.067  <0.001
RI of right CRA 0.72 (0.09) 0.63 (0.06) 4327  <0.001
PI of right CRA 1.35 (0.39) 1.06 (0.15)  3.984  <0.001°
RI of left CRA 0.76 (0.14) 0.64 (0.05) 4597  <0.001°
PI of left CRA 1.54 (0.59) 1.08 (0.14) 4394  <0.001°
RI of right OA 0.77 (0.15) 0.72 (0.05)  2.019  0.050°
PI of right OA 1.45 (0.4) 1.39(0.18)  0.666  0.509
RI of left OA 0.78 (0.1) 0.72(0.04) 2922  0.005
PI of left OA 1.56 (0.4) 1.39(0.21)  2.114  0.039°

CRA=central retinal artery, [IH=idiopathic intracranial hypertension,
ONSD=optic nerve sheath diameter, PI=pulsatility index, OA=ophthalmic
artery, RI=resistance index, SD=standard deviation. ONSD values in
centimeters. “Indicates use of Welsh test

correlation between these variables. The dynamic nature of
ONSD values in relation to lumbar puncture as demonstrated
previously!" may underlie the lack of this correlation, as majority
of our patients underwent ONSD measurement at a variable
duration after the diagnostic lumbar puncture. For instance,
Jeub et al." reported that 24 h following therapeutic lumbar
puncture, ONSD diminished significantly, whereas papilledema
remained unchanged. The pulsatile nature of intracranial CSF
pressure may influence ONSD, but with a time lag. In addition,
anatomic structures like the lamina cribrosa of the posterior sclera
may modulate ONSD.I'® Factors such as the timing of ONSD
measurement in relation to CSF drainage due to diagnostic
lumbar puncture may further complicate the relationship.!'?

A previous Indian study®®” demonstrated a significant difference
in the mean ONSD across Frisen grades of papilledema. The
lack of association in our study may be due to sample size
limitations. Furthermore, we did not observe any correlation
between ONSD values and BMI, as suggested by some
previous studies.®!!] This may be related to the high proportion
of [TH patients with normal BMI in our cohort.

We also demonstrated the utility of RI of CRA for ITH
diagnosis. CRA is situated anatomically within the optic
nerve sheath, in the same compartment as the optic nerves,
and is therefore subjected to similar pressure changes.?!' As a
physiologically low-resistance circulation, any compression of
CRA decreases the diastolic flow, leading to an increased RI.
However, elevated CRA RI is not specific to ITH and has been
observed in other ocular and systemic pathologies, including
glaucoma, diabetes mellitus, and chronic liver disease.!?>?*
Hence, measuring arterial indices serves as an adjunctive tool
in the diagnostic process of IIH. Its potential as a prognostic
marker in IIH requires further investigation.

Certain limitations of our study are worth mentioning. The
ONSD values were not measured before the lumbar puncture,
so the precise effect of lumbar puncture on pressure could
not be quantified. The sample size did not permit subgroup

-Annals of Indian Academy of Neurology | Volume 27 | Issue 2 | March-April 2024 149




Kishore, et al.: Ocular sonography in idiopathic intracranial hypertension

S F ueow se pjuasoIdar oIe SI[QBLIBA SNONUTUO)) "PUNOSENN=S)

9K WSLI=HY “T3oWweIp Yjedys oAIdu ondo=qSNO ‘SuiSewr 0ouru0saI ONAUSBW=YA QA Yo|= T ‘uoisuairadAy [erueroenur oryyedorpi=H][ ‘piny [eurdso1qaidd=4S) xopul ssew Apoq=[]Ng

9,08 :A1oy1oads

amssaxd Suruado SO %608 ANANISUOS o €1°0F6S°0 A1 O‘H ww =N 97=sjonuoy
10 JING YA 93e[al103 J0u pIp ASNO wu g wo €I 0FLS 0=HY wd €1 0F8Y°0 96'C9F9°08C 6V EFLI'ST ce=d 9¢°LFPE0¢E ge=syuahed Apmig yuariny
9,86 :A11oy10ads
TN Pue QSNO Usamiaq ‘%001 :ANADISULS 01=IN 0S=s[onuo) 70T Ayang,
uone[aLI0 dANIsod B sem 12y [, wur /G wuw $°9 wu ' payodor 1Io0N €€ STFISbE L€=1 8T Ly=swoned ;v 12 udjepSeq
%76 :A1oyroads
dn-moyjoy yuow-9 “%PL Ananisueg £=IN 61=s[onuop 1207 ‘Aueuion
1e paonpar Auedyrusis qSNO wuw 8°¢ ww 8°0FC'9 ww 6 0F66' 8FSE €SLFTYSE cc=d 9IFLE Sg=syuahed 191 TOPOU]
%08 :K1og10ads
d1 onnaderay) 101e ‘018 (ANATISURS ww 1°0F9°9 ‘d1 wur [0F9°6 41 O‘H =N 0¢=s[onuo) 610¢ ‘Auruiion
4 $ Apuesyrusis pasearoop ASNO w g°g wWw 7 0F¢'9 -y W ['0F9°G ‘Y WO O [FI'0E  SLIFY9E Ll=d 91¢ 61=suaned 1D 42 qnaf
%001 :Anoyroods
[N pue omssoxd %S L8 ANARISUSS 0g=sjonuoy 8107 1d4A3g
Sutuado 4SO YA PaIe[aLI0d GSNO w9 W ¢*0FL9 W € 0F6°S pauodar joN 9'8F6'1€ yi=d SO'LFOV 1€ y{=sined (o WIRYRIQT
%% 16 :Aoyroads
s[onuod pue sjuoned woamaq  %T €L ‘ANATISULS O'H ww gg=sjonuon 8107 1d4A3g
1o41p jou pIp olrel ASNO/ANO w609 W 20 [FLS9 WO 0F0S'S  LO6'SOFYI'6LT  TTLFEO6'CE 66=d YL8F00' 1€ 66=suaned for] '[P 12 qYSI]
04,78 :A1oyroads
ASNO SN uey 10y3iy Apueoyrusis “Y%LL AyATISUSS O‘H payodar £=IN c=sjonuop 810T
seM (JSNO paInsesat-TN w g°y W 9°0FC'S Wt L 0Fy wo L' LF9vE JON 61=d 0lFce TT=S1udned VS [ UOSIANEJ
dn-morjoy yyuouwr-9 OH 9=IN dnoi3 jonuod oN L10T ‘Auewiion
1e ApuedoyIudis pasedrdsp ASNO ojqeorjdde joN wuw [§°9 ojqeorjdde joN WO 9°L[FEGE 0'Ce 91=A T11F¢€ TT=s1udned (5 TOUYO0 T
%606 :A11oyroads
omssaid Sutuado 50 “%L't6 ANATISUDS O'H pajiodax =N [1=s[onuo) G10¢ ‘ureds
LA Uole[a1I0d Sjelopout & pey JSNO wuw €9 19°079L9 W Gy 0FL'S wo 9°9F¢°0¢ JON Si=d EYIFS 9 61=saned 11°0paones-78g
UONUIAINUI JOIP ASISUS-MO] B [JIM O‘H S[0NU0d ON 0107 ‘wop3ury
dn-Mo[[0J auow-¢ & PIsea1odp SNO ajqearjdde joN Wt [¥6°y ojqeardde JoN wo ['SFR'6¢ 0'SFC8¢ St=d TOFEYE §g=suaned P (o IR[OUIS
(syuaned) (syuaned) (dnoub
sisoufieip Hii auljaseq je (sjonuo9) ainssaid (zu/B6y) yaned) (s1eah) Jeak
SUO0IjeAIaSqO [euollippy 1o} S}oInd QSNO ASNOQ ueapy ASNOQ uesy 4S9 uea\l IINg ueaiy Xa§ aby azis 9|dwesg  ‘Anuno3 ‘loyny

ainjesa)| ur papodar sbuipuly AydesBouos senao jo uosiedwon :p ajqel

Annals of Indian Academy of Neurology | Volume 27 | Issue 2 | March-April 2024 -




Kishore, et al.: Ocular sonography in idiopathic intracranial hypertension

analysis based on age, gender, and ONSD values. Previous
studies suggest the utility of combined measures such as
ONSD and the pit/sella ratio to increase specificity for I[IH
diagnosis.™ The correlation between these radiographic
features and ONSD was not examined. There is a risk of bias
in the assessment as the examiner performing ONSD was not
blinded to ITH diagnosis. Interobserver variability could not be
studied as ONSD was assessed by a single person. Although
we attempted to assess the utility of ONSD measurement in
patient follow-up, variability in time to follow-up and attrition
prevented a longitudinal analysis of ONSD values. Such a
longitudinal analysis merits further exploration to determine
the potential of ONSD as a prognostic marker. Furthermore,
it is unlikely that ONSD will replace MRI or lumbar puncture
requirements for ITH diagnosis because of numerous ITH
mimics. It will likely supplement these existing tools and aid
in prognostication.

CoNcLusIoN

Our study provides insights into the utility of optic nerve sheath
measurements and arterial indices in the diagnosis of IIH.
Further research is needed to fully understand the longitudinal
relationship of these markers and treatment outcomes.
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