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Ultrasonography in distinguishing optic neuritis from
nonarteritic anterior ischemic optic neuropathy
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Abstract Background and Objectives: Optic neuritis (ON) and nonarteritic anterior ischemic optic neuropathy
~ (NAION) have some overlapping clinical profiles. We evaluated the usefulness of B-scan ultrasonography in
distinguishing ON from NAION by measuring diameter of the optic nerve.
Materials and Methods: Consecutive patients with an acute noncompressive unilateral optic neuropathy
with relative afferent pupillary defect and onset of visual loss during the last 2 weeks were included.
Diagnosis of ON was based on age < 35 years, orbital pain associated with eye movement, and no
disk edema, and diagnosis of NAION was based on age = 60 years, no orbital pain associated with eye
movement, and presence of disk edema. Age- and gender-matched subjects without ocular disease were
selected for comparison. The diameter of the optic nerve was measured by a single radiologist with B-scan
ultrasonography.
Results: In ON patients, the mean diameter of the affected nerve was significantly larger than that of the
unaffected nerve and also larger than that of the right nerve of young controls; P < 0.05. In NAION patients,
however, there was no significant difference between the mean diameter of the affected nerve and of the
unaffected nerve or the right nerve of elderly controls; P > 0.05. Also, the diameter of the affected nerve
was significantly larger in ON than in AION patients; P < 0.05.
Conclusion: B-scan ultrasonography is helpful in the early stages of optic neuropathy to distinguish ON
from NAION in those cases for which the diagnosis is still uncertain after clinical evaluation.
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INTRODUCTION optic neuropathy (NAION) are the two most prevalent
optic neuropathies presented with acute visual

Optic neuritis (ON) and nonarteritic anterior ischemic
P loss. ON usually affects young adults between the

Access this article online ages of 20 and 45 years and has been reported to be
Quick Response Code: ] associated with multiple sclerosis in up to 85% of the
Website: cases."! In contrast, NAION occurs generally in
www.advbiores.net the sixth or seventh decades and is associated with
systemic vascular diseases, chiefly hypertension and
DOI: diabetes mellitus.®?
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Despite remarkable advances in neuroimaging and
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electrophysiologic techniques, the diagnosis of ON
and NAION still depends on clinical presentations.
Differentiation between ON and NAION has
prognostic and therapeutic implications for clinicians.
They can usually be differentiated clinically, based
on several key features. Patients with ON are
generally younger, usually experience pain on eye
movement, and have progressive visual loss over
several days. Conversely, patients with NAION are
older, visual loss is usually painless and is most
often maximal at onset.”® During the acute stage,
altitudinal or pallid disk edema, hemorrhage, and
retinal arterial attenuation are more characteristic
of NAION, whereas a normal-colored optic disk
without hemorrhage is more characteristic of ON.™
Also, certain visual field defects are characteristic
of either ON (e.g., central scotoma) or NAION (e.g.,
altitudinal loss).®?! However, in occasional cases,
there is an overlap of the presenting clinical features
between these two entities that causes difficulties
in distinguishing them, especially in the acute
stage.’®” In these cases, imaging studies like computed
tomography (CT) scan and magnetic resonance
imaging (MRI) are helpful in differentiating various
causes of optic neuropathy. According to Gerling et al.
study, the diameter of the optic nerve, measured by
B-scan ultrasonography, is enlarged in ON but not in
NAION.® Considering ultrasonography as a readily
accessible and inexpensive imaging method, we
compared the diameter of the optic nerve among
ON, NAION, and control subjects, using B-scan
ultrasonography to evaluate if this method could be
distinctive.

MATERIALS AND METHODS

This cross-sectional study was done in Neuro-
Ophthalmology Clinic of Farabi Hospital, Tehran
University of Medical Science (TUMS). Patients with
an acute noncompressive unilateral optic neuropathy
with a relative afferent pupillary defect and with
onset of visual loss during the last 2 weeks were
included. Diagnosis of ON and NAION was established
primarily with clinical criteria during the acute stage
by an experienced neuro-ophthalmologist. Diagnosis
of ON was based on age < 35 years, orbital pain
associated with eye movements, and no disk edema,

and diagnosis of NAION was based on age > 60 years,
no orbital pain associated with eye movements, and
presence of disk edema. Paraclinical evaluations like
MRI, visual evoked potential, and perimetry were also
used for confirming the diagnosis. Cases with giant cell
arteritis, borreliosis, and toxoplasmosis were excluded.
Regarding the difference between ON and NAION
patients in age, young, and elderly age- and gender-
matched individuals without ocular disease were
selected from persons accompanying with patients as
the control group for comparison. Calculated sample
size per group was 10, considering o = 0.05, study
power = 80%, and effect size = 0.5 mm according to
the previous reports.® The Human Studies Committee
at the TUMS approved the ethical appropriateness of
the study and informed consent was obtained from all
participants before participation.

Ultrasonography

The diameter of the optic nerve was measured using
B-scan ultrasonography (SIMENS ANTARES, 13
MHz) by a single radiologist who was not aware of
the diagnosis or the side of the lesion. The probe was
placed on the closed upper eyelid while the patient
looked up temporally by 40--45% The diameter of
the optic nerve was measured immediately behind
the globe. An electronic caliper was used to measure
the horizontal diameter of the optic nerve. Three
measurements, with readjustment of the probe after
each measurement, were done for each eye and the
mean value was considered as the final measure.

Statistics

Considering the normal distribution of the data,
the paired samples test was used for comparison
of parametric data between the two groups. For
comparison between the four groups, the one-factor
ANOVA and Benferroni test were used. Data were
analyzed using SPSS software for Windows (Version
16).

RESULTS

As presented in Table 1, in ON patients, the mean
diameter of the affected nerve was significantly larger
than that of the unaffected nerve; P =0.017. In NAION
patients, however, there was no significant difference

Table 1: Diameter of the optic nerve (mm) in ON, NAION, and controls

ONn = 10

NAION n = 10

Controls (young) n = 10  Controls (elderly) n = 10

Affected nerve 3.90 £0.53 [3.20—-4.80]
3.10+0.21[2.80-3.50]

0.80 +0.40 [0.10—1.40]

Unaffected nerve
Affected minus unaffected
side

P value 0.017

3.28 +0.54 [2.50—4.10]
3.26 +0.47 [2.60—3.80]
0.02 +0.22 [-0.40—0.40]

0.785

3.23 +0.06 [3.10-3.30]
3.20 +0.08 [3.10-3.30]

Right minus left side
0.03+0.09 [-0.10-0.20]

0.343

3.25 +0.05 [3.20—3.30]
3.26 +0.05 [3.20-3.30]

Right minus left side
-0.01+0.07 [-0.10-0.10]

0.678

Data are shown as mean = SD [range]
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between the mean diameter of the affected nerve and
that of the unaffected nerve; P = 0.785.

There was no significant difference between the right
and left nerves in young or elderly controls; P = 0.343
and 0.678, respectively. Also, the mean diameter of
the right and left nerves were the same in young
and elderly controls; P = 0.47. But comparison of ON
and NAION nerves with the corresponding nerve of
the controls showed that in ON, the diameter of the
affected nerve was significantly larger than that of the
young controls; P = 0.002. However, in NAION, the
diameter of the affected nerve did not differ from that
of the elderly controls; P = 1.0 [Figure 1].

Comparison between ON and NAION showed that
the diameter of the affected nerve was significantly
larger in ON than in NAION; P = 0.006. But, there
was no significant difference between ON and NAION
in the diameter of the unaffected nerve; P = 1.0. Also,
the difference between affected and unaffected nerves
was significantly larger in ON than that in NAION;,
P < 0.001 [Figure 1].

DISCUSSION

The initial clinical features of ON may resemble
those of NAION with regard to age of onset, pattern
of visual field loss, and optic disk appearance.®™ It is
reported that up to 23% of patients with NAION are
younger than 50®% and up to 12% do experience ocular
pain or headache.""'?! Also, some studies reported
a considerable overlap of the visual field defects
between ON and NAION and the value of diagnosis
on the basis of visual field defects is limited to cases
with pathognomonic defects.®!¥ Therefore, in certain
cases, other tests are needed to differentiate between

ON and NAION.

The results of the present study showed that in ON
patients the diameter of the affected optic nerve
(measured by B-scan ultrasonography) is significantly
larger than that of the unaffected nerve and also larger
than normal. This finding is not present in patients
with NAION. The results of the study by Gerling et
al.® also showed that in ON patients (especially those
with disk swelling), the diameter of the affected nerve
is much larger than in NAION. Therefore, in addition
to clinical features, the diameter of the optic nerve
measured by B-scan ultrasonography can be used as
a criterion to differentiate between ON and NAION.
Other studies in which ultrasonography, CT scan, and
MRI have been used separately in patients with ON
or NAION showed the same results.n+8

In the study by Gerling et al.,’” the diameter of the
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Figure 1: Comparison of the diameter of the affected and unaffected
nerves among the study groups

affected optic nerve in ON patients with and without
disk swelling were 5.4 mm and 4.4 mm, respectively,
which was significantly larger than what we found
in our study (3.9 mm). This difference, however, is
not observed in the diameter of the unaffected nerve
or controls and therefore it seems not to be due to
technical errors and/or equipment. As Figure 1 shows,
there was an overlap of the diameter of the affected
optic nerve between the ON and AION patients in our
study, which was not present in the study by Gerling
et al. Since significant variation in the measured
diameter of the optic nerve can occur in the general
population, it is better to compare the diameters
in both eyes and not to calculate deviation from a
normal value.™ In our study, the difference between
affected and unaffected sides was more than 0.5 mm
in 80% (8/10) of ON patients and less than 0.5 mm
in all NAION patients. In Gerling et al.’s study, this
difference was more than 0.5 mm in all ON patients
and less than 0.5 mm in all NAION patients. According
to these results as well as other reports,'' a difference
of 0.5 mm between the eyes could be indicative of an
abnormal thickness in one eye and distinguish ON
from NAION. However, further investigation is needed
to define a more accurate value.

In recent years, the use of ultrasonography in the
diagnosis of orbital diseases has been overthrown
by other imaging modalities like CT and MRI. In
fact, ultrasonography is less useful in demonstrating
inflammatory changes of the orbital portion of the optic
nerve, which is better shown on MRI after injection
of enhancing agents. Studies have shown that MRI
scanning of the optic nerve demonstrates significantly
different results in patients clinically diagnosed as
either ON or NAION.2% Although ultrasonography
is a noninvasive and inexpensive form of imaging,
its usefulness in both A and B modes is limited to
the anterior portion of the orbit. It is of the greatest
value in the hands of the clinician-ultrasonographer
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capable of interpreting real-time images.”!! However,
the results of the present study along with the previous
ones® showed that ultrasonography as a readily
accessible, noninvasive, and inexpensive imaging
method can assist in the early distinction between ON
and NAION. It could be helpful in situations in which
other imaging methods (MRI and CT) are not readily
accessible and rapid diagnosis is needed for treatment.

CONCLUSION

B-scan ultrasonography can be used early in the course
of optic neuropathy to distinguish ON from NAION in
those cases for which the diagnosis is still uncertain
after clinical examination. Further studies are needed
to evaluate the efficacy of B-scan ultrasonography
in distinguishing ON from NAION when there are
important overlapping profiles, like in patients
with NAION who are young or have pain with eye
movements and in patients with ON who are elderly
or do not have pain with eye movements. Comparison
between B-scan ultrasonography and other imaging
modalities in distinguishing ON from NAION also
warrants further investigations.
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