pISSN 2234-8999 / elSSN 2288-2243

REVIEW ARTICLE
Korean J Neurotrauma 2018;14(1):1-5

Traumatic Optic Neuropathy
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Traumatic optic neuropathy (TON) refers to optic nerve injury resulting from direct and indirect head and facial trauma. The
pathogenesis of indirect TON has not been fully elucidated, and the management of TON remains controversial. In this
review article, I review the recent literature regarding TON and discuss how to manage indirect TON.
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Introduction

Traumatic optic neuropathy (TON) is rare, but can cause
severe, irreversible vision loss. Since Hippocrates first not-
ed visual impairment after facial trauma,"” numerous re-
ports have described TON, focusing on its causes and meth-
ods of treatment."™"*"***?% In this article, I review the recent
literature regarding TON and discuss how to manage indi-

rect TON.

Classification of TON

TON can be classified as direct and indirect TON, based
on the mechanism of causative injury.”*” When projectile
or sharp objects injure the optic nerve directly, these cases
are diagnosed as direct TON.” Thus, direct TON is charac-
terized by the presence of an open wound, leading to direct
injury of the optic nerve, and can be diagnosed by neuroim-
aging, such as computed tomography or magnetic resonance
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imaging. Direct TON is extremely rare because of the pro-
tection provided by the bony orbit.

In 2004, Sarkies™ provided an update on the several va-
rieties of direct TON in a review article. The author includ-
ed optic nerve avulsion, optic nerve sheath hemorrhage,
and orbital hemorrhage, as well as orbital emphysema, as
direct TON disease entities. Such varieties of direct TON can
be recognized ophthalmoscopically or with another imag-
ing technique, such as ultrasonography.””*” For example,
optic nerve avulsion results from rotation of the eyeball and/
or raised intraocular pressure. This means that an open
wound is not always necessary to diagnose direct TON. In
optic nerve avulsion, the optic nerve is forcibly disinserted
from the eyeball and the lamina cribrosa is retracted from
the scleral rim."**"

Although several varieties of optic nerve diseases have
been added to the list of direct TON entities, indirect TON
remains more common than direct TON. Indirect TON re-
sults from concussive force to the head, particularly the
forehead. The prevalence of indirect TON in closed-head
trauma has been reported as 0.5% to 5%.***" The site of in-
jury causing blindness is typically the forehead or supraor-
bital ridge, and less commonly may be the temporal re-
gio 10,2029

Recently, Magarakis et al."”

systematically reviewed the
literature to identify specific facial bone fracture patterns
associated with ocular injury, including blindness. The au-
thors found that zygomatic-maxillary complex fractures
were the most common type of injury complicated by loss
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of vision. According to a study by Ansari”, in which a to-
tal of 2,503 patients were enrolled, retrobulbar hemorrhage
was thought to be the primary mechanism of blindness,
followed by direct damage to the eyeball. Laceration and
compression of the optic nerve comprised 10% and 6.6%
of visual loss, respectively. Dancey et al.” showed that the
primary mechanism of blindness after blunt facial trauma
was TON (n=12), optic nerve compression (n=3), and globe
rupture (n=2), in an investigation of 2,400 patients with fa-
cial fractures.

Pathophysiology of Indirect TON

Although the mechanism of indirect TON is not fully un-
derstood, the cellular and biochemical pathophysiology of
brain and spinal cord trauma provide insight into mecha-
nisms that may operate in TON. The optic nerve is widely
regarded as a tract of the brain.

In 1981, Gross et al.'” reported that frontal loading can
result in the deformation of the ipsilateral orbital roof near
the optic foramen, and that such deformation of the orbital
roof could damage not only the supporting vasculature of
the optic nerve, but could also cause shear stress to the nerve.
This report is highly recognizable and frequently cited.

Following trauma, the optic nerve, particularly where it

enters the optic canal, and retinal ganglion cell (RGC) axons
are immediately sheared. Optic nerve swelling, particular-
ly where the nerve enters the optic canal, follows due to vas-
cular ischemia and direct mechanical trauma. This two-
stage model of TON became the basis for the treatment of
TON.””

Diagnosis of Indirect TON

Diagnosis of indirect TON can be difficult because the
initial ocular examination is typically normal, with the ex-
ception of an abnormal relative afferent pupillary defect
(RAPD). Occasionally, the diagnosis of indirect TON can
be delayed owing to severe head trauma. Furthermore, if
both eyes are affected by optic neuropathy, the RAPD sign
could be negative. Finally, head trauma, which leads to pu-
pil dilation, can make the diagnosis of TON difficult.

TON has the following clinical features: 1) a positive
RAPD sign, except in cases of bilateral ocular involve-
ment; 2) impairment of color vision; and 3) visual field de-
fects.”” Visual acuity ranges from no light perception to
normal. Optic atrophy develops after 4 to 6 weeks.

Optic nerve diseases lead to RGC degeneration, visual
field loss, and potential blindness. With advanced diagnos-
tic devices, Kanamori et al.”” demonstrated that the reduc-
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FIGURE 1. Representative case of forty-nine male who was diagnosed with left superior, lateral and inferior orbital wall fracture due
to fall-down. (A) Color vision and visual field test result at 1 month after trauma. Note the impairment of color vision and total visual
field constriction of left eye of the patient, (B) optical coherence tomography and visual evoked potential (VEP) test result at 18
months after trauma. Note the 360° retinal nerve fiber layer thinning around the left disc and decreased response of left eye in VEP
test. OD: right eye, OS: left eye, VECP: visually evoked cortical potential, ISCEV: the International Society for Clinical Electrophysi-

ology of Vision.
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tions in circumpapillary retinal nerve fiber layer thickness
and RGC complex began to decrease at 2 weeks after trau-
ma and plateaued at 20 weeks in all cases. Figure 1 shows
a representative case of typical indirect TON.

Treatment of Indirect TON

In 1982, in a report of seven cases of sudden monocular
blindness following frontal head trauma, the following rec-
ommended indications were provided for optic nerve de-
compression: 1) delayed visual loss following frontal head
trauma, unresponsive to 12 hours of megadose steroid ther-
apy; and 2) initial return of vision with megadose steroids,
followed by visual reduction while on steroids or with the
tapering of steroid therapy.” In that report, the authors con-
cluded that megadose steroids appeared to be useful in
TON. Seiff*” reported that 62% of treated patients and 33%
of untreated patients showed vision improvement, in a
study of 32 patients with indirect TON in 1990. Currently,
the main treatment options for TON are 1) systemic steroid
therapy; 2) optic nerve decompression; or 3) combined treat-
ment of steroid therapy and optic nerve decompression. The
management of indirect TON remains controversial. >

The International Optic Nerve Trauma Study (IONTS)
was first organized to investigate the optimal treatment of
indirect TON. Accordingly, the study was initially conduct-
ed as a randomized controlled pilot study to compare 1) ex-
tracranial optic canal decompression combined with mega-
dose corticosteroid; and 2) corticosteroid alone. However,
due to the rarity of TON cases, randomized controlled trials
(RCTs) could not be successfully conducted at that time.'”
Subsequently, IONTS group changed the study design to a
comparative non-randomized interventional study and fi-
nally concluded that no clear benefit was found for either
corticosteroid therapy or optic canal decompression surgery.
A total of 133 patients with indirect TON were included in
that study."” In 2011 and 2013, Cochrane reviews attempted
to identify RCTs of TON in which any steroid regimens, ei-
ther alone or in combination with surgical optic nerve de-
compression, were compared with surgery alone or with
no treatment.”*” As a result, only one study was included:
a double-masked, placebo-controlled, randomized trial of
high-dose intravenous steroids in patients with indirect TON
that was diagnosed within 7 days of the initial injury.” A to-
tal of 31 participants were randomly assigned to two groups
(high-dose intravenous steroids group [n=16] or placebo
group [n=15]). All participants were followed-up for three
months. Mean final best-corrected visual acuity (BCVA) in
the treatment group was 1.11%1.14 and in the placebo group
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was 1.78+1.23. This difference was not significant (p=0.13).
Visual acuity was improved in 68.8% of participants in the
treatment group and 53.3% of participants in the placebo
group, but the difference was not statistically significant
(p=0.38).Y Thus, there has been no eligible study that could
validate a particular strategy for the treatment of TON.
However, in the ophthalmologic field, when TON is sus-
pected, very high-dose steroid treatment should still be con-
sidered initially.

The rationale for megadose steroid therapy is based on the
Second National Acute Spinal Cord Injury Study (NASCIS
2), which was a multicenter, randomized, double-blind, pla-
cebo-controlled study of patients with acute spinal cord in-
jury. That study showed that treatment with methylpred-
nisolone within 8 hours of injury resulted in a significant
improvement in motor and sensory function, compared with
placebo-treated patients.” The dosage of steroid was as fol-
lows: 1) low-dose (<100 mg); 2) moderate-dose (100-499
mg); 3) high-dose (500-1,999 mg); 4) very high-dose (2,000—
5,399 mg); and 5) megadose (>5,400 mg). Typically, the most
commonly used steroid regimen in cases of TON is very
high-dose intravenous methylprednisolone in the ophthal-
mologic field.”” The spinal cord is a mixed grey and white
matter tract of the brain, whereas the optic nerve is a pure
white matter tract. The treatment success seen with meth-
ylprednisolone in the NASCIS 2 study may not be general-
ized to the treatment of TON. Furthermore, there might be
other predisposing factors that could impact the effects of
steroid treatment on indirect TON. Recently, Lai et al."”
investigated predisposing factors for the recovery of patients
with indirect TON who were treated with steroid pulse
therapy. The authors commented that factors such as fe-
male sex, the administration of steroid therapy within less
than 24 hours of the injury, lateral force fracture, and pure
facial trauma revealed a better outcome for the improve-
ment of visual acuity.

Since the treatment of TON is controversial, Emanuelli
et al.” suggested their surgical and medical protocol for
TON in 2015. The protocol consisted of a medial intravenous
steroid treatment (within 8 hours of injury) and endoscopic
surgical decompression (within 12-24 hours of the initia-
tion of medical therapy). The authors reported that im-
provement of visual acuity was reached in 65% of cases,
which is quite a high rate of successful treatment.”

A new treatment option for TON is the cytokine hormone
erythropoietin (EPO)."”'"¥ EPO has been reported to be ef-
fective for reducing neural apoptosis and protecting brain
ischemic injury.” A pilot study of intravenous EPO for TON
showed a promising result, in that patients in the EPO-treat-
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ed group showed a significantly better visual outcome than
the observation group."”’ The same study group recently
showed the effect of intravenous EPO for TON in an open-
label, phase 3, multicenter, semi-experimental trial.’? All
three groups (EPO, 69; steroid, 15; observation,'® showed
significant improvement of BCVA in patients with TON.
Interestingly, color vision was significantly improved in the
EPO group. The authors commented that no side effects
were observed during follow up."

Adverse Effect of Intravenous
Steroid Treatment

Lew et al.”” investigated the effect of high-dose steroid
therapy in TON to detect changes in optic nerve head blood
flow, concluding that the steroid therapy improved the op-
tic nerve head blood flow, which might support the use of
steroid treatment for indirect TON. If the benefits of a ther-
apeutic intervention are unclear, clinicians should consider
the risks of such intervention more carefully. The Optic
Neuritis Treatment Trial used a high-dose steroid regimen:
250 mg of intravenous methylprednisolone every 6 hours
for 3 days, followed by 1 mg/kg/day of oral prednisolone for
11 days. Only two participants (1.3%) in the intravenous
methylprednisolone group had serious side effects: one
case of acute psychosis and one case of acute pancreatitis,
both resolving without sequelae.”

The Corticosteroid Randomization after Significant Head
Injury (CRASH) study, which was a large RCT investigat-
ing the effectiveness of steroid therapy in patients with acute
traumatic brain injury, is well-known to have been termi-
nated prematurely.” In the CRASH study, patients with
head trauma were allocated to either placebo or megadose
intravenous methylprednisolone (2 g/h for 1 hour, followed
by 0.4 g/h for 48 hours). The initial protocol was to recruit
20,000 participants, but the trial was terminated prema-
turely after 10,008 participants were enrolled. This deci-
sion was made by the data monitoring and ethics commit-
tee because the results showed that steroids were having a
detrimental effect. At 6 months follow-up, the risk of death
was higher in the steroid group than in the placebo group
(25.7% vs. 22.3%; relative risk [RR], 1.15; 95% confidence
interval [CI], 1.07-1.24; p=0.0001), as was the risk of death
or severe disability (38.1% vs. 36.3%; RR, 1.05; 95% CI,
0.99-1.10; p=0.079). There was no evidence that the effect
of steroids differed as a result of timing or severity of the in-
jury.?
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Conclusion

In this review article, I surveyed the recent literature re-
garding TON and discussed how to manage indirect TON.
Although most of the referenced papers were published
many years ago, | have added new content through recent-
ly published papers in terms of classification, diagnosis, and
new treatment options for TON.

Although the complications of steroid treatment are rare,
there is no convincing evidence that steroid treatment pro-
vided any benefits in terms of improvement of visual acu-
ity in patients with TON. Thus, patients with TON need to
be made fully aware of both the theoretical risks suggested
by recent studies and the practical risk of a serious side ef-
fect with active and aggressive intervention.
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