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Abstract

Introduction: In this study, we attempt to determine the diagnostic performance of shear
wave elastography of the optic nerve and adjacent fat tissue in patients with optic neuritis.
Methods: The study included a patient group consisting of 72 eyes of 36 patients who were
diagnosed with unilateral optic neuritis, and an age-matched control group of 36 eyes of 18
healthy subjects. The patient group consisted of 25 multiple sclerosis patients and 11 recur-
rent isolated optic neuritis patients. The mean shear wave elastography values of the optic
nerves and intraorbital fat tissue adjacent optic nerves were recorded using m/s and kPa as
units. ROC curve analysis was performed, and the diagnostic accuracy of shear wave elas-
tography values was determined. Results: The mean shear wave elastography values of the
optic nerves with neuritis (2.49 = 0.41 m/s and 17.56 = 4.42 kPa) were significantly higher
than the values of the contralateral normal optic nerves (1.71 = 0.32 m/s and 9.02 + 2.34
kPa) (p = 0.006 and p = 0.004, respectively) in the optic neuritis group. The mean shear
wave elastography values of intraorbital fat tissue adjacent optic nerves with neuritis (1.87 =
0.32 m/s and 9.65 = 1.12 kPa) were significantly higher than the values of the contralateral
normal side (1.47 = 0.27 m/s and 6.78 = 1.14 kPa) (p = 0.025 and p = 0.022, respectively)
in the optic neuritis group. ROC curve analysis showed a high diagnostic accuracy for deter-
mining optic neuritis with shear wave elastography values of the optic nerves (AUC 0.955
[95% CI, 0.933-0.978] in m/s and AUC 0.967 [95% CI, 0.940-0.985] in kPa). Conclusions:
Shear wave elastography may be an important alternative diagnostic tool in the diagnosis
of optic neuritis.

to the size of the nerve, motions during the acquisition
process, chemical shift artifacts, and cerebrospinal fluid

Optic neuritis (ON) is defined as inflammation of the
optic nerve. It is mostly idiopathic, but can be associ-
ated with variable causes (demyelinating lesions, auto-
immune disorders, infectious and inflammatory condi-
tions)!"?. Patients occasionally experience unilateral loss
of vision, periocular pain, and impaired color vision.
The inflammatory process usually occurs in a portion
of the retrobulbar optic nerve, so the optic disc might
be normal in adults®*. Therefore, the diagnosis of ON
is usually made clinically. Magnetic resonance imaging
(MRI) is the most important tool to visualize the retro-
bulbar area which includes the optic nerve®. MRI exam-
ination of the optic nerve is technically challenging due

(CSF) signal in the nerve sheath®. Computed tomogra-
phy (CT) uses ionizing radiation and has limited applica-
tions (such as infections and neoplastic diseases). There
is a need of a practical study for the diagnosis and fol-
low-up of ON patients”. Elastography is a non-invasive
ultrasonographic (US) technique for evaluating the elas-
tic properties of tissues, and shear wave elastography
(SWE) uses waves that are generated by transducers and
interact with the tissue®.

In the present study, we attempt to determine the optic
nerve findings and diagnostic performance of SWE as an
alternative to MRI in patients with ON.
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Fig. 1. A 25-year-old MS patient with left optic neuritis of 6 years’ duration, 5 days after the onset of ON attack. A. SWE images of the optic
nerve, adjacent fat tissue, and circular regions of interest, respectively with 2.49 + 0.41 m/s and 17.56 * 4.42 kPa, and 1.87 = 0.32 m/s
and 9.65 = 1.12 kPa. B. T1-weighted image with contrast agent shows swelling and enhancement of the optic nerve. C. Axial FLAIR
image showing periventricular-pericallosal plaque formations

Material and methods

The patients diagnosed with ON at our center between April
2017 and August 2019 were enrolled in the study. This pro-
spective study was approved by the local ethics committee
(ethical approval code: 20170103). Informed written consent
was obtained from each patient, and the study was performed
according to the World Medical Association Declaration of
Helsinki. A total of 48 patients with ON who were diagnosed
with ophthalmological and neurological findings and positive
brain and orbital findings were selected for the study protocol.

The inclusion criteria of the patient group were: patients who
were clinically suspected to have ON, with a sudden onset
of unilateral visual loss, severe ocular pain, dyschromatopsia
within a few days or weeks of the onset of these symptoms,
patients with relapsing-remitting MS, isolated ON without
any clinical, radiological or laboratory signs of demyelinating
diseases, autoimmune disorders or vasculitis, patients with
unilateral thickened optic nerves with high T2 signal and con-
trast enhancements on brain or orbital MRI, and patients who
were able to cooperate in the lying position with their eyes
shut during ultrasonography and SWE assessment.

A total of 12 patients were excluded from the study protocol.
The exclusion criteria in the patient group were: patients
who were unable to undergo the examination in the lying
position with their eyes shut (n = 2), patients with other
systemic diseases affecting the eye or the optic nerve, such
as systemic hypertension, diabetes mellitus or Behget'’s dis-
ease (n = 3), patients with a history of ophthalmic surgery
(n = 3), patients with glaucoma (n = 2), and patients with
severe retinal or macular disease (n = 2).

Healthy subjects were chosen from those who did not have
any clinical suspicion of ON or systemic conditions with optic
nerve involvement with normal MRI findings. Ultimately, the

study included a group of 36 patients [female (F) / male (M) =
19/17] with a total of 72 eyes, who were diagnosed with uni-
lateral ON, and an age-matched control group of 18 healthy
subjects (F/M = 10/8) with 36 eyes. The patient group con-
sisted of 25 multiple sclerosis (MS) patients (F/M = 14/11)
and 11 recurrent isolated ON (RION) patients (F/M = 5/6).
Revised 2017 McDonald criteria were used for the MS diag-
nosis®. Among RION patients, all laboratory tests including
blood and CSF count, protein and glucose levels and oligoclo-
nal band for demyelinating diseases, autoimmune disorders
or vasculitis were negative. In addition, all other neurological
findings and MRI findings were negative in this subgroup.

All of the brain and orbital MRI examinations of suspected
ON were analyzed by a national and European-boarded radi-
ologist (O.T) with an experience of 14 years in MRI examina-
tions. A radiologist (M.D.A) with more than 14 years of gray-
scale US and more than 5 years of elastography experience
performed all the US and SWE examinations. The patients
were instructed to lie down comfortably in the supine position,
with their eyes shut. The retrobulbar intraorbital segments of
the optic nerves were examined using an ultrasound scanner
capable of SWE measurements using a linear array trans-
ducer (14 MHz) (Aplio 500 Platinum; Canon, Japan). First,
the observer assessed the optic nerve diameter on gray-scale
US, then SWE examinations of each patient was applied in
the axial plane with a double screen displayed B-mode and
color-coded SWE images simultaneously. The color spec-
trum of SWE was adjusted in the range of 0-6.5 meter/sec-
ond (m/s) and 0-80 kilopascal (kPa). Three measurements
with one minute duration of each optic nerves and orbital fat
tissue adjacent optic nerves were taken in circular regions of
interest (ROIs) of 1.5 to 2.5 mm diameters. We always mea-
sured SWE of the optic nerves and orbital fat tissue exactly
in the same place, 3 mm away from the optic disc. SWE of
the orbital fat tissue was always measured in the same place,
2 mm on the right parallel side to the optic nerve measurement.
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Fig. 2. A 32-year-old RION patient with right optic neuritis of 3 years’ duration, 7 days after the onset of ON attack. A. SWE images of the optic
nerve, adjacent fat tissue, and circular regions of interest, respectively with 2.46 = 0.31 m/s —16.46 = 3.32 kPa and 1.82 = 0.33 m/s —
8.36 + 2.31 kPa. B. B-Mode US image showing swollen optic nerve. C. Axial T2W image showing swollen retrobulbar intra-orbital
segment of the optic nerve, with a high T2 signal

The mean SWE values of the optic nerves (ROI ) and intra-
orbital fat tissue adjacent optic nerves (ROL,) were recorded
using m/s and kPa as units. All of the patients received ther-
apy after their SWE evaluations. Fig. 1 and Fig. 2 show the
SWE evaluation of the optic nerves and adjacent fat tissues.

Statistical analysis

SPSS version 16 was used to perform all statistical analy-
ses. The variables were investigated using analytical meth-
ods (Shapiro-Wilk test) and visual techniques (histograms,
probability plots) to determine whether they were normally
distributed. The Student’s t test was used to compare these
variables. Correlations between the optic nerve diameter and
SWE values, and between the duration of symptoms and SWE
values, were calculated using the Pearson'’s test. Intraclass
correlation coefficients (ICC) were used to determine intrao-
bserver levels of agreement. An agreement was considered
excellent for ICC >0.80, very good for 0.70-0.80, good for
0.60-0.70, fair for 0.40-0.60, and poor for <0.40. Receiver
operating characteristic (ROC) curve analysis was performed,
and the diagnostic accuracy of SWE values was determined
using the area under the curve (AUC) with a 95% confidence
interval. The highest value for Youden's index was accepted as
the optimal cut-off value. Youden’s index was obtained from
the coordinates of the curve, and calculated by “J = max [SN
+ SP] — 1”. Optimal cut-off values with sensitivity and speci-
ficity were also investigated by ROC curve analysis. P values
of <0.05 were considered statistically significant.

Results

The mean age of the patients with ON was 38.44 = 12.55
years, and the mean age of the healthy controls was 35.45 +
11.33 years (p >0.05). The mean diameter of the optic nerves
with neuritis (4.58 * 0.23 cm) was significantly larger than
that of the contralateral normal optic nerves (3.66 + 0.58 cm)

(p = 0.016) in ON patients and that of the normal optic nerves
in the healthy group (3.54 = 0.43 cm) (p = 0.019). There was no
significant difference between the normal contralateral side of
the ON patients and the healthy group with regard to the mean
diameter of the optic nerves (p >0.05). There was no statisti-
cally meaningful difference in the mean diameter of the optic
nerves with neuritis between the MS patients (4.59 = 0.13 cm)
and RION patients (4.54 = 0.22 cm) (p >0.05). The mean time
of disease duration was 9.33 *+ 5.47 years in MS patients, and
7.38 + 4.36 years in RION patients, and no significant differ-
ence was observed between these two parameters (p >0.05).
There was no statistically significant difference between the
mean time of the onset of ON attack in MS patients (7.52 =+
3.48 days) and in RION patients (6.55 *+ 4.16 days) (p >0.05).

The mean SWE values of the optic nerves with neuritis
(2.49 = 0.41 m/s and 17.56 = 4.42 kPa) were significantly
higher than the values of the contralateral normal optic
nerves (1.71 = 0.32 m/s and 9.02 = 2.34 kPa) (p = 0.006
and p = 0.004, respectively) in the ON group. The mean
SWE values of the optic nerves with neuritis in the ON
group exceeded the mean values in the healthy group (1.69
+ 0.25m/s and 9.42 + 2.24 kPa) (p = 0.003 and p = 0.015,
respectively) (Tab. 1 and Tab. 2). There was no significant
difference between the normal contralateral side of ON
patients and the healthy group with regard to the mean
SWE values of the optic nerves (»p >0.05). No significant
difference was observed between MS patients and RION
patients in terms of the mean SWE values of the optic
nerves with neuritis (2.50 = 0.21 m/s =19.26 = 4.11 kPa
and 2.46 = 0.31 m/s -16.46 = 3.32 kPa, respectively)
(p >0.05). The intraobserver agreement for SWE values of
the optic nerves was excellent, with an ICC of 0.90 [95%
CI, 0.865-0.945].

The mean SWE values of intraorbital fat tissue adjacent optic
nerves with neuritis (1.87 = 0.32 m/s and 9.65 + 1.12 kPa)
were significantly higher than the values of the contralat-
eral normal side (1.47 = 0.27 m/s and 6.78 + 1.14 kPa)
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Tab. 1. Comparison of the mean optic nerve diameter and SWE
values between the ON group with neuritis and the healthy
control group (n = number of eyes)

Tab. 2. Comparison of the mean optic nerve diameter and SWE va-
lues between the neuritis side and normal side in the ON
group (n = number of eyes)

ON group, Healthy control ON group, ON group,
neuritis side group p neuritis side normal side p
(n=36) (n=36) (n=36) (n=36)
Opticnerve | oo\ 023cm | 3.54+043cm 0.016 Opticnerve |, oo\ 023cm | 3.66+0.58cm 0.019
diameter diameter
. 249+041m/s | 1.69+0.25m/s 0.006 . 249+041m/s | 1.71+0.32m/s 0.003
Optic nerve Optic nerve
SWE value and and and SWE value and and and
17.56 £4.42 kPa | 9.42 + 2.24 kPa 0.004 17.56 + 442 kPa | 9.02 + 2.34 kPa 0.015
Fattissue | g7 4 032m/s | 1424016 m/s 0.025 Fattissue | g7+032m/s | 1.47+027m/s 0.014
adjacent optic adjacent optic
nerve SWE and and and nerve SWE and and and
9.65+1.12kPa | 6.57 + 1.15kPa 0.022 9.65+1.12kPa | 6.78 + 1.14 kPa 0.018
value value
ON - optic neuritis; SWE - shear wave elastography ON - optic neuritis; SWE - shear wave elastography
Student’s t test. Data are means + SD (min-max) Spearman coefficient test. Data are means + SD (min-max)

(p = 0.025 and p = 0.022, respectively) in the ON group.
The mean SWE values of intraorbital fat tissue adjacent
optic nerves with neuritis in the ON group exceeded the
mean values in the healthy group (1.42 = 0.16 m/s and
6.57 = 1.15 kPa) (p = 0.014 and p = 0.018, respectively)
(Tab. 1 and Tab. 2). There was no significant difference
between the normal contralateral side of ON patients and
the healthy group with regard to the mean SWE values of
intraorbital fat tissue adjacent optic nerves (p >0.05). No
significant difference was observed between MS patients
and RION patients in terms of the mean SWE values of
intraorbital fat tissue adjacent optic nerves with neuritis
(1.89 = 0.24 m/s - 10.44 = 3.11 kPa and 1.82 = 0.33 m/s —
8.36 + 2.31 kPa, respectively) (p >0.05). The intraobserver
agreement for SWE values of intraorbital fat tissue adja-
cent optic nerves was excellent, with an ICC of 0.88 [95%
CI, 0.835-0.925].
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Fig. 3. ROC curve analysis showing a high diagnostic accuracy for
determining ON with SWE values of the optic nerves (AUC
0.955 [95% CI, 0.933-0.978] in m/s and AUC 0.967 [95% ClI,
0.940-0.985] in kPa. ROC curve analysis also indicated a high
diagnostic accuracy for determining ON with SWE values of in-
traorbital fat tissue adjacent optic nerves (AUC 0.945 [95% CI,
0.935-0.965] in m/s and AUC 0.954 [95% CI, 0.936-0.975] in kPa

ROC curve analysis showed a high level of diagnostic accu-
racy for determining ON with SWE values of the optic
nerves (AUC 0.955 [95% CI, 0.933-0.978] in m/s and AUC
0.967 [95% CI, 0.940-0.985] in kPa. ROC curve analysis also
indicated a high level of diagnostic accuracy for determining
ON with SWE values of intraorbital fat tissue adjacent optic
nerves (AUC 0.945 [95% CI, 0.935-0.965] in m/s and AUC
0.954 [95% CI, 0.936-0.975] in kPa (Fig. 3). With cut-off val-
ues of optic nerve SWE values as 2.115 m/s and 13.16 kPa
for determining of ON, the sensitivity and specificity were
92.5%, 94.8% and 92.2%, 94.5%, respectively. Choosing
cut-off values of intraorbital fat tissue adjacent optic nerves
SWE values as 1.65 m/s and 8.22 kPa for determining ON,
sensitivity and specificity were 91.5%, 92.7% and 91.1%,
93.5%, respectively.

We detected no meaningful correlation between the optic
nerve diameter and SWE values of the optic nerves (r =
0.105, p = 0.324). No significant correlation was observed
between the mean time of the onset of ON attack and SWE
values of the optic nerves or SWE values of intraorbital
fat tissue adjacent optic nerves (p = 0.442 and p = 0.448,
respectively). Moreover, no significant correlations were
observed between age and SWE values of the optic nerves
or SWE values of intraorbital fat tissue adjacent optic
nerves of the healthy controls (p = 0.352 and p = 0.378,
respectively).

Discussion

Our study demonstrated that elastographic findings were
different in the affected side of ON patients, rather than the
normal sides of ON patients and healthy subjects. In our
study, we found significantly higher mean SWE values of the
optic nerves with neuritis than the values of the contralateral
normal optic nerves in ON patients and healthy subjects.
In addition, the mean SWE values of intraorbital fat tissue
adjacent optic nerves with neuritis were significantly higher
than the values of the contralateral normal side in the ON
group and healthy subjects. We also detected a high diag-
nostic accuracy of SWE values of the optic nerves and SWE
values of the intraorbital fat tissue adjacent optic nerves in
determining ON.

J Ultrason 2021; 21: e194-¢199
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ON is an immune-mediated inflammatory condition of the
optic nerve. It is frequently the initial feature of MS gen-
erally seen in young patients on admission. Acute loss of
vision is often a consequence of acute demyelination of the
optic nerve, and almost half of MS patients experience it at
some stage of their disease. Similarly to acute MS plaques,
pathological findings include myelin loss and edema in
myelinated nerve sheaths. Retinal vascular endothelial
inflammation can sometimes be visualized as retinal vascu-
lar sheathing?. Myelin loss transcends axonal loss, and the
optic nerve cross-sectional area decreases after ON!!-13),

Demyelination in ON is immune-mediated, but the specific
mechanisms are unknown. Systemic T cell activation is
identified at symptom onset, and it precedes changes in the
CSF"%, Systemic changes also normalize earlier (within two
to four weeks) than central changes. T cell activation leads
to the release of cytokines and other inflammatory agents.
B cell activation against myelin basic protein can be demon-
strated in the CSF of patients with ON>. A genetic suscep-
tibility for ON is supported by an over-representation of cer-
tain human leukocyte antigen (HLA) types among patients
with ONU617,

Recurrent optic nerve inflammation, at least in two dissemi-
nated episodes, without any evidence of systemic or central
nervous system involvement such as MS, is referred to as
recurrent isolated optic neuritis (RION). Clinical and para-
clinical marks may help to recognize and make a diagnosis of
RION"#29, Steroid dependence for preventing attacks is diag-
nosed as chronic recurrent isolated optic neuritis (CRION)?122,

ON is usually diagnosed on the basis of clinical findings,
with added confirmation by MRI?., Accurate diagnosis has
a critical role in starting appropriate ophthalmologic and
neurologic evaluation and management. Corticosteroids are
often used in treatment to prevent vision loss. MRI is an ideal
technique for diagnosing and evaluating many conditions.
Hyperintense signals on T,-weighted imaging and enhance-
ment of the optic nerve on fat-suppressed T,-weighted MRI
after intravenous gadolinium provide a sensitive method for
demonstrating ON. In acute ON, abnormal enhancement of
the optic nerve indicates a blood—optic nerve barrier break-
down in 94.4% of affected optic nerves®?. Unfortunately,
MRI also has some limitations. Therefore transorbital ultra-
sonography was used to evaluate optic nerve sheath diam-
eter in several studies®>?7. Recently, sonoelastography,
a technique that allows tissue stiffness characterization,
has been applied to the optic nerve. It was first described
by Ophir in 1991 and widely applied in work with biologi-
cal tissues by Hans Oestriecher®-?, SWE is produced by
the transducer and obtains quantitative information on tis-
sue elasticity. SWE is less dependent on the operator, more
reproducible, and ensures quantitative results®!3?, so it was
used in our study.

We realized that the mean SWE values of the optic nerves
and adjacent fat tissue with unilateral neuritis were signifi-
cantly increased compared to the normal sides of the patients
and healthy subjects. We consider that increased stiffness is
compatible with the inflammatory process in optic nerve, and

increased stiffness in adjacent fat tissue indicates that there
could be accompanying inflammatory changes in these tis-
sues in ON. Our results are consistent with the previous study
reported by Inal et al.1?. They stated that the SWE values (as
kPa) of MS patients were significantly higher than those of the
healthy controls. In another study, Batur et al.®" used acoustic
radiation force impulse (ARFI) imaging in their evaluation
of ON with MS and idiopathic neuritis. They found signifi-
cantly higher mean SWE values (as my/s) of the optic nerves
and adjacent tissues with neuritis than in the contralateral
normal side. Our results are concordant with their results.

Our study is unique in revealing optic nerve stiffness differ-
ences in patients with ON, determining intraorbital fat tissue
changes and creating quantitative SWE measurements with
both m/s and kPa values for both optic nerves and intraorbital
fat tissue adjacent optic nerves resulting in excellent intraob-
server ICC values. The results of our study offer an alternative
non-invasive diagnostic method for ON patients as demon-
strating the changes in elasticity of the optic nerves.

Recently, elastographic studies have been performed for ocu-
lar and periocular tissues in the human eyes, and reported
some side effects?!2333%_ The ocular tissues are particularly
vulnerable to mechanical and thermal injury associated with
excessive US energy, so the United States Food and Drug
Administration (FDA) and World Federation for Ultrasound
in Medicine and Biology have imposed strict thermal index
(TT) and mechanical index (MI) limits for diagnostic ocular
US applications (TT <1.0 and MI <0.23)%539, In our study,
the TI values (<0.5) and MI values (<0.21) were below
the FDA limits for ocular US applications. There were no
changes in visual function before and after the SWE exami-
nation in any participants involved in the study.

The study had certain limitations. We had only two subgroups
of ON patients (MS and RION), so we could not evaluate SWE
values in other pathologies affecting the optic nerve. The sam-
ple sizes of the patient subgroups were relatively small, which
might have had an influence on the non-significant results of
comparisons of mean SWE values between these two. In addi-
tion, the US and SWE evaluations were performed by the same
radiologist, so we could not calculate interobserver reliability.

Conclusion

Our study showed SWE to have a high level of diagnostic
accuracy in patients with ON. We suggest that SWE, a quan-
titative method which is non-invasive, and easy accessible
and applicable in clinical practice, might play a diagnostic
role in determining the optic nerve and adjacent fat tissue
findings as an alternative to MRI in patients with ON.
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