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Purpose: This study assessed the combined accuracy of optic nerve sheath diameter (ONSD), 
strain ratio (SR), and shear wave elastography (SWE) of the optic nerve (ON) in patients with 
idiopathic intracranial hypertension (IIH). 
Methods: This prospective study was carried out on both ONs of 34 consecutive patients 
diagnosed with IIH and 16 age- and sex-matched healthy volunteers. All of the study participants 
were women. The ONSD, SR, and SWE of the ON were measured. The severity of papilledema of 
IIH patients was sub-classified into mild papilledema and moderate/severe papilledema. 
Results: The mean ONSD (5.6±1.1 mm), SR (0.7±0.1), and SWE (30.1±16.7 kPa) of the IIH 
patients were significantly different (P=0.001) from the ONSD (4.1±0.5 mm), SR (0.9±0.1), 
and SWE (8.2±3.4 kPa) of controls. The cutoff values of ONSD, SR, and SWE of the ON for 
differentiating IIH patients from controls were 5.45 mm, 0.8, and 10.3 kPa with areas under 
the curve (AUCs) of 0.91, 0.86, and 0.96 and accuracy values of 91%, 81%, and 93%, 
respectively. Combined SWE and ONSD and combined SWE, ONSD, and SR for differentiating IIH 
patients from controls revealed AUCs of 0.98 and 0.99 and accuracy values of 96% and 96%, 
respectively. ONSD, SR, and SWE showed significant differences between mild and moderate/
severe papilledema (P=0.001). Papilledema was correlated with SWE (r=0.8, P=0.001), ONSD 
(r=0.4, P=0.001), and SR (r=-0.4, P=0.001). 
Conclusion: The combination of ONSD, SR, and SWE may be helpful for diagnosing IIH, and a 
good indicator of the degree of papilledema.

Keywords: Idiopathic intracranial hypertension; Optic nerve; Ultrasound elastography 
Key points: Optic nerve sheath diameter (ONSD), strain ratio (SR) and shear wave elastography 
(SWE) are good indicator of papilledema. For diagnosis of idiopathic intracranial hypertension, 
sonographic combination of ONSD, SR and SWE is helpful.
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Introduction

Idiopathic intracranial hypertension (IIH) is a clinical syndrome of 
raised intracranial pressure, in the absence of space-occupying 
lesions, without ventricular enlargement, for which no causative 
factor can be identified [1-4]. Papilledema and non-specific visual 
alterations including transient visual obscurations, photophobia, 
retrobulbar pain, diplopia, and eventually visual loss are the 
main ophthalmological manifestations of IIH. Although visual 
alterations occur in about 75% of IIH patients, their mechanism 
is still poorly understood. It may seem obvious that elevation of 
the intracranial pressure (ICP) induces papilledema, which in turn 
causes visual deterioration. However, the pressure-induced effect 
on the retrobulbar optic nerve (ON) may play a role in visual 
disturbances [4-7]. There are non-specific findings on routine 
magnetic resonance (MR) imaging for the diagnosis of IIH. Non-
specific signs of ON involvement are seen on routine MR imaging 
of IIH patients as a kinked, tortuous ON and ON sheaths with 
filled-out cerebrospinal fluid (CSF) spaces next to the globe. The 
role of innovative MR imaging methods such as diffusion tensor 
imaging, and susceptibility-weighted imaging as biomarkers of ON 
involvement in IIH is developing [8-14]. 

The ON sheath diameter (ONSD) measured using ultrasonography 
is a noninvasive marker of IIH. The advantages of ultrasonography 
include its speed, reduced cost, relative ease of use, repeatability, 
and lack of side effects [15-22]. Elastography is an imaging 
modality used with ultrasonography to identify differences in 
the mechanical elasticity of tissues. Ultrasound elastography 
analyses tissue elasticity by generating low-frequency vibrations 
that stimulate strain in tissues, which is subsequently analyzed. 
Elastography studies the response of the tissues to the action of a 
force. The stiffness of tissue can be calculated using qualitative or 
quantitative elastography. Strain elastography (SE) is a qualitative 
method that measures external compression of the tissues, while 
shear wave elastography (SWE) is a quantitative method that 
measures wave velocity generated by a transducer [23,24]. Few 
studies have highlighted the role of elastography of the ON in 
detection of the biomechanical ON changes associated with multiple 
sclerosis, Behçet disease, retrobulbar neuritis, migraine, glaucoma, 
pre-eclampsia, and Graves disease [23-28]. Only one recent study 
used SE and SWE to evaluate the ON in patients with IIH [29]. 
To our knowledge, this is the first study to assess the combined 
accuracy of these ON parameters in patients with IIH and the first to 
evaluate the role of the strain ratio (SR) in the evaluation of the ON.

The aim of this work was to assess the possible role of combined 
ONSD, SE, and SWE of the ON in the diagnosis of IIH. 

Materials and Methods

Compliance with Ethical Standards
Mansoura University Faculty of Medicine Institutional review board 
approval was obtained (IRB approval code: MD. 18.08.74), and 
informed consent from all patients were obtained. 

Study Population
The inclusion criteria for participation in this study were adult 
patients with IIH diagnosed according to the modified Dandy 
diagnostic criteria [30]. The following patients were excluded from 
our study: patients with a disturbed consciousness level (n=3) and 
patients that refused to undergo ultrasonography (n=3). Between 
August 2019 and September 2020, this prospective study was 
carried out on both ONs of 34 consecutive patients diagnosed 
with IIH and 16 age- and sex-matched healthy volunteers with no 
symptoms or signs suggesting cranial pathology. All of the study 
participants were women, and the mean age of the patients was 
29±7 years versus 30±9 years for the controls (P=0.421).

Clinical Assessment
Papilledema grading was done by two neurologists (N.E. and T.B.; 10 
and 20 years’ experience respectively) who were blinded to patients’ 
clinical presentation and ultrasound findings. The time between the 
fundus examination and the ultrasound examination was 2 days. 
The severity of papilledema was classified as mild, moderate, and 
severe [31]; then, patients were categorized into mild papilledema 
and moderate/severe papilledema groups, as increased disc edema 
is positively correlated with increased visual loss [32-34], which in 
turn influences therapeutic choices [35].

Ultrasonography
Ultrasonography and elastography were done by a radiologist and 
another neurologist (N.B. and N.E.; 15 and 10 years’ experience 
respectively), who were blinded to the clinical findings, using an 
ultrasound machine (Applio 500, Canon Medical Systems Corp., 
Tokyo, Japan) with a linear array probe of 9L and 6e15L MHz, and 
the mean values of their measurements were used for subsequent 
statistical analyses. The ultrasound examination was performed with 
the patient supine and eyes closed. A gel was used between the 
eyelids and the probe to obtain the image. The ONSD on both sides 
was measured at 3 mm behind the globe, perpendicular to the long 
axis of the ON between the external edges of the hyperechogenic 
area surrounding the ON (Fig. 1A).

Strain Elastography 
The B-mode ultrasonography and elastography results were 
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displayed simultaneously on a side-by-side split-screen display. SE 
images were produced by compression from the transducer. There 
was no standard number of compressions. Our reference was the 
SE compression bar to obtain a homogeneous compression wave 
and optimal filling. Adequate compression was achieved when a 
yellow color filled the bar. The color diagram of SE ranged from blue 
to red, where blue represented low stiffness, green represented 
intermediate stiffness, and red represented high stiffness. The SR was 
automatically (not manually) calculated depending on the sequence 
of placement of the regions of interest (ROIs). The first placed ROI 
was automatically labeled as the target ROI, and the second was 
automatically labeled as the reference ROI. We were obligated to 
place the ROIs in this sequence as the optic disc was the landmark 
for placement of the target ROI (first ROI) on the anterior segment 
of the ON just behind the optic disc, and consequently, the reference 
ROI (second ROI) was placed posterior to it (Fig. 1B).

Strain ratio

=

Reference ROI (placed in the posterior segment of the 
intraorbital part)

Target ROI (placed in the anterior segment of the intraorbital 
part)

The SR was calculated from three optimal frames and the mean 
value was deduced and recorded for further statistical analysis.

Shear Wave Elastography
The SWE images were produced from static images and were 
recorded digitally on the machine for subsequent identification. SWE 
provides a quantitative analysis of the ON stiffness by measuring the 
pressure in the elasticity imaging interval (0-150 kPa). Two circular 
ROIs were placed on each ON, and the ROI quantitative values were 
then assessed using at least three measurements, and the mean 
values of these measurements were used for subsequent statistical 
analyses (Fig. 1C).

Fig. 1. Optic nerve sheath diameter (ONSD), strain ratio 
(SR), and shear wave elastography (SWE) of the optic 
nerve (ON) in a normal control subject. 
A-C. ONSD measured on ultrasonography was 4.2 mm. (A), 
strain elastography shows that the SR of the ON is 0.88 (B), 
and SWE shows that the SWE of the ON is 12.3 kPa (C). 

A B

C
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Results

All patients and controls were women; the mean age of the patients 
was 29±7 years and that of the controls was 30±9 years (P=0.421). 
Fig. 2 presents the degree of papilledema of patients with IIH. The 
mean ONSD (5.6±1.1 mm), SR (0.7±0.1), and SWE (30.1±16.7 kPa) 
of IIH patients were significantly different (P=0.001) from the ONSD 
(4.1±0.5 mm), SR (0.9±0.1), and SWE (8.2±3.4 kPa) of the controls 
(Table 1). As a cutoff value of ONSD, 5.45 mm showed the best 
results (AUC, 0.91; sensitivity, 89%; specificity, 93%; and accuracy, 
91%). The best cutoff value of SR was 0.8 (AUC, 0.86; sensitivity, 
83%; specificity, 75%; and accuracy, 81%). The best cutoff value 
of SWE (10.3) had an AUC of 0.96, accuracy of 93%, sensitivity 
of 98% and specificity of 81% (Fig. 3A). According to the data 
deduced from the ROC curve analysis (Table 2), SR was the least 
accurate, least sensitive, and least specific parameter. Combining SE 
and ONSD and combining SWE, SR, and ONSD increased the ability 
to discriminate patients from the control group (AUC, 0.98 and 0.99; 

Statistical Analysis
Data were analyzed using SPSS version 22.0 (IBM Corp., Armonk, 
NY, USA). Quantitative data were described as means and standard 
deviations. The significance of the obtained results was judged at 
the 0.05 level. After testing normality using the Kolmogorov-Smirnov 
test, the Student t test was used to compare values between 
patients and the control group, and between the two groups of 
patients. Receiver operating characteristic (ROC) curve analysis 
was used to test the accuracy of SWE, SR, ONSD, and combined 
parameters to discriminate patients from the control group. The area 
under the curve (AUC), sensitivity, and specificity were determined 
from the curve, and the accuracy was calculated through cross-
tabulation. Multivariate logistic regression analysis for combined 
SWE, ONSD, and combined SWE, SR, ONSD to discriminate patients 
from the control group was carried out. Spearman rank-order 
correlations were used to determine the strength and direction of 
the linear relationships between papilledema severity and SWE, SR, 
and ONSD. 

Fig. 2. Optic nerve sheath diameter (ONSD), strain ratio (SR), 
and shear wave elastography (SWE) of the optic nerve (ON) in a 
patient with idiopathic intracranial hypertension (IIH). 
A-C. Ultrasound image shows an ONSD measurement (7.3 mm) 
(A), strain elastography shows that the SR of the ON is 0.39 (B), and 
SWE shows that the SWE of the ON is 36.2 kPa (C). The combined 
increase in the ONSD, low SR of the ON, and high SWE of the ON 
helped in the correct diagnosis of IIH. 

A B

C

 Ave.T4     72.1 kPa
 SD.T4      27.8 kPa
 Ave.T5     36.2 kPa
 SD.T5      17.3 kPa

 Strain T1    3.383%
 Strain R      1.331%
 Ratio 1          0.39

 Dist A     3.0 mm
 Dist B     7.3 mm
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sensitivity, 98% and 95%; specificity, 90% and 96%; and accuracy, 
96% and 96%, respectively) (Table 2, Fig. 3B).

Forty-nine ONs had mild papilledema and 19 had moderate/
severe papilledema. The mean ONSD was 5.4±0.9 mm, SWE was 
23.9±13.9 kPa, and SR was 0.8±0.2 in the mild papilledema group. 
The mean ONSD was 6.4±0.9 mm, SWE was 46.2±11.9 kPa, and 
SR was 0.6±0.1 in the moderate/severe papilledema group. ONSD, 
SR, and SWE showed significant differences between patients with 
mild papilledema and those with moderate and severe papilledema 
(P=0.001 for all) (Table 1). SWE showed a strong positive 
correlation with papilledema severity (r=0.8, P=0.001). ONSD had 
a positive correlation with papilledema severity but less than that 
of SWE (r=0.4, P=0.001 for both). SR was inversely correlated with 
papilledema severity (r=-0.4, P=0.001).

Discussion

The main findings of the study are the increased ONSD and 
decreased ON elasticity in IIH patients. As a multiparametric 
indicator, the combination of ONSD, SR, and SWE may help in 
the diagnosis of IIH. These ultrasonographic and elastographic 
parameters of the ON were closely correlated with the severity of 
papilledema, with SWE being the most reliable parameter.

Ultrasonography is commonly used to measure ONSD in the 
assessment of IIH patients as an easy bedside tool. ONSD is 
considered an indirect, noninvasive measure of ICP, making it 
a useful parameter in the clinical diagnosis of IIH [15-17]. The 
measured ONSD was significantly higher in the IIH group than in 
the control group (P=0.001). Several cross-sectional and meta-

Table 1. Mean values of ONSD, SR, and SWE in IIH patients versus controls, and in patients with mild versus moderate/severe 
papilledema

Patient (n=34) Control (n=16) P-value Mild papilledema (n=49) Moderate-severe papilledema (n=19) P-value

ONSD (mm) 5.6±1.1 4.1±0.5 0.001 5.4±0.9 6.4±0.9 0.001

SR 0.7±0.1 0.9±0.1 0.001 0.8±0.2 0.6±0.1 0.001

SWE (kPa) 30.1±16.7 8.2±3.4 0.001 23.9±13.9 46.2±11.9 0.001

ONSD, optic nerve sheath diameter; SR, strain ratio; SWE, shear wave elastography; IIH, idiopathic intracranial hypertension.

Fig. 3. Receiver operating characteristic (ROC) curves in idiopathic intracranial hypertension (IIH) patients versus the control group. 
ROC curves of strain ratio (SR), shear wave elastography (SWE), and optic nerve sheath diameter (ONSD) (A) and combined SWE and ONSD 
and combined SWE, ONSD, and SR (B) for differentiating IIH patients from control are shown.
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analysis studies have confirmed these results [18-20]. Generally, 
the reported normal and pathological ranges for ONSD varied from 
one study to the other; the variation in even pathological values in 
IIH patients varied as a result of the raised ICP due to other causes 
in previous investigations of neurocritical care patients [36-39]. The 
increased ONSD can be attributed to the fact that the ON is covered 
by a leptomeningeal sheath, which is expandable in the anterior 
segment, behind the globe. When ICP rises, the CSF is pushed 
towards the tiny rim of subarachnoid space between the sheath and 
the nerve, causing expansion of the dural covering. These changes 
are more marked in the anterior part of the nerve sheath behind 
the globe. As with any physiological change, the ONSD changes 
dynamically with changes in ICP [15-22]. 

A recent study evaluated the ON qualitatively using SE and 
quantitatively using SWE in IIH patients compared to a control 
group [29]. They found statistically significant differences in the 
types of elasticity strain patterns between both groups (P=0.010). 
The uniqueness of our study is that it assessed the combination of 
ONSD with SR and SWE in the diagnosis of IIH.

We found that the SR was significantly lower in IIH patients 
than in healthy patients (P=0.001), which indicates that with 
increased CSF pressure in the IIH, the CSF increased maximally 
around the anterior segment where the meningeal space was 
largest, and the stiffness of the anterior segment increased with a 
subsequent decrease in the SR. This may be explained by the fact 
that normally, the fenestrations of the lamina cribrosa and the 
surrounding glial columns form a tight seal around the intraocular 
segment to maintain a pressure gradient between the intraocular 
and intraorbital regions, allowing the axons to pass from an area of 
relatively higher intraocular pressure to an area of relatively lower 
CSF pressure. The meningeal ON sheath around the intraorbital 
segment is largest immediately behind the eyeball, narrower in the 
posterior part, and narrowest in the canalicular part. These facts 
may explain why the anterior segment of the intraorbital segment 
is more strongly affected by the increased CSF pressure [23-29]. To 
our knowledge, this is the first study to evaluate the SR of the ON. 

No previous studies have assessed the SR of the ON, either in IIH or 
in any other condition.

In this study, the SWE indices were significantly higher in patients 
with IIH (30.1±16.7 kPa) than in controls (8.2±3.4 kPa) (P=0.001), 
denoting the decreased elasticity of the ON in cases of increased 
ICP. Our results align with the most recent study that evaluated IIH 
patients’ ON using SWE and reported significantly higher values of 
SWE in IIH patients (26.9±1 kPa) than in the control group (10.1±0.3 
kPa) [29]. Previous studies reported increased ON stiffness in 
patients with multiple sclerosis (33.9±11.6 kPa for patients vs. 
10.4±3.5 kPa for controls), Behçet disease (32.1±13.9 kPa for 
patients vs. 11.5±5.6 kPa for controls), and pre-eclampsia (17.6±4.1 
kPa for patients vs. 9.4±2 kPa for controls) including changes in the 
ON structure due to ischemic neuropathy, ON fibrosis, optic head 
swelling, and endothelial cell damage of the ON [23-27]. 

In the context of the pathophysiology of IIH, our results further 
support the role of ON swelling, as evidenced by the increased 
ONSD and papilledema, in addition to cellular damage, as evidenced 
by decreased ON elasticity. 

As a multiparametric combination, increased ONSD values and 
decreased elasticity of the ON (as indicated by the SWE and/or SR) 
provide a better diagnostic tool for IIH and a better indicator of the 
extent of papilledema. This may be attributed to the IIH-associated 
cascade of events: the increased amount of CSF leads to increased 
ICP, compressing the ON and resulting in venous congestion, 
papilledema, and cellular damage, which manifests clinically as 
blurring of vision and field defects. The combination of ONSD as a 
marker of papilledema and the SR and SWE as markers of cellular 
loss logically correlates with increased severity of the condition.

In this study, papilledema revealed a positive correlation with 
SWE and ONSD and a negative correlation with SR, with SWE being 
the most reliable parameter. Papilledema is a known phenomenon 
in conditions involving high ICP, and is related to the transmission of 
high ICP to the optic disc through the optic sheath that surrounds 
the subarachnoid space. Chronic venous engorgement also 
contributes to this high pressure [7].

Table 2. The ROC curve results of ONSD, SR, SWE, and combined parameters in IIH patients versus the control group
Cutoff point AUC Sensitivity (%) Specificity (%) Accuracy (%) P-value

ONSD 5.45 mm 0.91 89 93 91 0.001

SR 0.8 0.86 83 75 81 0.001

SWE 10.3 kPa 0.96 98 81 93 0.001

Combined SWE and ONSD 0.98 98 90 96 0.001

Combined SWE, ONSD, and SR 0.99 95 96 96 0.001
ROC, receiver operating characteristic; ONSD, optic nerve sheath diameter; SR, strain ratio; SWE, shear wave elastography; IIH, idiopathic intracranial hypertension; AUC, area 
under the curve.
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There are some limitations of our study. First, the number of 
patients was relatively small, and the sample included only women. 
Further large-sample multicenter studies including both sexes 
are recommended. Second, this study used different ultrasound 
modalities (B-mode, strain, and shear elastography) to evaluate the 
ON in IIH patients. Third, ultrasonography (including elastography) 
is an operator-dependent technique; however, we tried to minimize 
this limitation by calculating the SR from three frames, and the 
SWE from three measurements and the mean values of these 
measurements were used for subsequent statistical analyses. 
Fourth, the orbit is an anatomical structure where very limited 
elastography studies have been performed. Further studies of orbital 
elastography incorporating interobserver variability are warranted. 
The combination of these ultrasound modalities with different 
multiparametric MR imaging modalities of the ON such as diffusion 
tensor imaging may improve results in the future.

We concluded that the combination of ONSD, SR, and SWE can 
help in the diagnosis of IIH and serve as a good indicator of the 
extent of papilledema, with SWE being the most reliable parameter.
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