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Background: Indirect Traumatic Optic Neuropathy (TON) is an important cause of visual morbidity which
may be reversible.
Aims: To assess the Visual Outcome in patients with Indirect TON Treated With Steroids.
Settings and Design: Prospective Non Randomised Study.

Abstract

Methods and Material: 34 patients, having mild Traumatic Brain Injury (TBI) with unilateral indirect TON
were included. All patients received treatment with Methyl prednisolone 1 gm IV/day for 3 days followed
by oral prednisolone 1 mg/kg for 11 days. Patients were divided into 2 groups. Group 1 included 17 patients
who received steroids within 72 hours of injury. Group 2 included 17 patients who received steroids after
72 hours of injury.
Statistical analysis used: The Wilcoxon Signed Rank Test was used as the statistical test for visual acuity
improvement for each of the groups. Fischer’s exact test was used to assess statistical significance of visual
acuity improvement between the 2 groups.
Results: At 1 month follow up, 14 of 17 patients in Group 1 (82.4%) and 12 of 17 patients in Group 2
(70.6%) showed improvement in Visual Acuity which was statistically significant. The difference in visual
acuity improvement between the two groups was not statistically significant.
Conclusions: In patients of indirect TON having mild TBI, high dose steroids optimized the visual acuity,
without any adverse effects, both in patients who presented within 72 hours and beyond 72 hours of injury.
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The main treatment options for TON are: systemic steroids,
surgical decompression of the optic canal, combination
of steroids and surgery and observation (conservative
management) alone.6
The aim of this study was to assess the visual outcome in
patients with indirect TON treated with steroids.

Introduction

Traumatic optic neuropathy (TON) refers to any insult to the
optic nerve secondary to trauma. The incidence following
blunt or penetrating trauma is 0.7 to 2.5%.1,2 Studies have
shown that approximately 40-60% of patients present with
severe visual loss of light perception or worse.3
TON can be classified according to the mode of injury as
direct or indirect. Direct TON results from a significant
anatomical disruption of the nerve. Indirect TON is caused
by the transmission of forces to the optic nerve from a
distant site, without any overt damage to the surrounding
tissue structures. The deformative stress transmitted to the
skull from blunt trauma is concentrated in the region of the
optic canal. The intracanalicular segment of the optic nerve
is particularly susceptible to this form of injury.4
Direct TON results in severe, irreversible visual loss and no
intervention is of proven benefit. In indirect TON, following
trauma there is an immediate shearing of a proportion of
the Retinal Ganglion Cells (RGC) axons, an irreversible
process, with subsequent RGC degeneration. There is then
optic nerve swelling, within the limited confines of the optic
canal, secondary to mechanical trauma or vascular ischemia.
This impairs the already compromised blood supply to the
surviving RGC. This forms the rationale for optic nerve
decompression by medical or surgical means, in order to
break the cycle and preserve the RGC that survived the
initial insult.5,6
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Subjects and Methods

This was a prospective non randomized study including 34
patients with unilateral indirect TON attending a tertiary
care centre from April 2017 to December 2017. Approval
from the Ethics Committee was obtained prior to the study.
Informed consent was obtained from all patients.
A diagnosis of TON was made on the basis of decreased
visual acuity after history of head trauma, a relative afferent
pupillary defect, defective colour vision and/or visual field
defects.
Only patients with mild traumatic brain injury (TBI) were
included. Mild TBI was defined as brain injury resulting in
loss of consciousness for less than 30minutes and Glasgow
Coma Scale (GCS) of 13-15.
Exclusion criteria:
1. Moderate TBI (defined as brain injury resulting in loss
of consciousness from 30 minutes to 6 hrs and GCS of
9-12) and Severe TBI (defined as brain injury resulting
in loss of consciousness for > 6hrs and GCS 3-8)
27
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Eyes with penetrating trauma
Direct TON ( cases of optic nerve avulsion, optic nerve
transection, optic nerve sheath haemorrhage)
Cases of TON with CT scan showing evidence of
impingement of optic nerve by fracture fragment
Cases of post-traumatic visual loss not related to
optic nerve dysfunction (traumatic cataract, retinal
detachment, choroidal rupture, vitreous haemorrhage)

None of the patients had evidence of optic nerve compression
or optic canal fracture on CT scan.
Periorbital haematomas and subconjunctival haemorrhage
were present in all 34 patients.
All patients enrolled received treatment with Methyl
prednisolone 1 gm IV /day (for 3 days) followed by oral
prednisolone (1 mg/kg/day) for 11 days.
At 1 month follow up, improvement in visual acuity was as
follows
Group 1: 14 out of 17 patients improved (82.4%)
Group 2: 12 out of 17 patients improved (70.6%)
By the Wilcoxon Signed Ranks test, in Group 1 the Z value
for visual acuity improvement was -3.238 with a p value of
0.001.In Group 2, the Z value was -3.025 with a p value of
0.002.
The difference in visual acuity improvement between Group
1 and 2 was not statistically significant by Fischer’s exact test
(p=0.688).
Fundus examination at 1 month follow –up was normal in
21 patients and revealed temporal disc pallor in 13 patients.
Figure 3 shows the number of patients with improvement
in Visual acuity in Group 1 and 2. Figure 4 and 5 shows the
visual acuity pre treatment and post–treatment with steroids
for group 1 and 2 respectively.

History regarding the time and nature of trauma, level of
consciousness after trauma, onset and duration of symptoms
and time of presentation to hospital was obtained.
Patients underwent ophthalmological evaluation including
Visual acuity-Best Corrected Visual Acuity applied according
to refraction, colour vision (by Ishiahra’s pseudoisochromatic
plates), assessment of pupillary reactions and fundus
examination.
Plain CT Head and orbit was done for all cases. Baseline
Electrocardiogram, Blood pressure and blood sugar levels
were obtained for all patients.
All
patients
enrolled
received
treatment
with
Methylprednisolone 1 gm IV /day in 100ml of normal saline
(for 3 days) followed by oral prednisolone (1 mg/kg) for
11 days. Patients were followed up at 3 days, 11days and 1
month and visual function monitored.
For assessment of visual outcome, patients were categorized
into 2 groups
1) Group 1: included 17 patients who received steroids
within 72 hours of injury, having presented early with
diagnosis of TON within 72 hours of injury.
2) Group 2: included 17 patients who received steroids
after 72 hours of injury. These included patients who
presented after 72 hours of injury and patients in whom
there was a delay in the diagnosis of TON.
The patients vision was considered to be improved if there
was an increase of 2 or more lines on the Snellen’s chart or
if vision improved from no perception of light to perception
of light, from perception of light to hand movements or from
hand motions to finger counting.
The data was analyzed using the SSPS software and the
Wilcoxon Signed Rank Test was used as the statistical test
for the visual acuity improvement for each of the groups.
Fischer’s exact test was used to assess statistical significance
of visual acuity improvement between the 2 groups.

Figure 1: Showing the mode of injury of patients of TON
Findings on CT scan
(A) Orbital wall fracture

Results

This prospective non randomised study included 34 patients
of mild TBI with a unilateral indirect TON. There were 28
male and 6 female patients. The mean patient age was 30.82
years (SD 13.167). The major causes of trauma were motor
vehicular accidents (91%) followed by falls (6%) and assaults
(3%) (Figure 1).
The right eye was affected in 16 patients and the left eye was
affected in 18 patients. A relative afferent pupillary defect
was detected in all 34 patients.
In 13 patients, CT scan was normal. The associated fractures
seen in the remaining patients are detailed in Figure 2.
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Number of patients

Lateral wall

10

Medial wall

4

Roof

4
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1

(B) Skull fracture
Frontal bone

9

Parietal bone

0

Temporal bone

6

Occipital bone

0

Figure 2: Showing orbital and skull fractures
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In this study, 82.4% patients in Group 1 and 70.6% patients in
Group 2 showed improvement in Visual acuity with steroids
which was sustained at 1 month follow up. By the Wilcoxon
Signed Ranks test, the improvement in Visual acuity in both
the groups 1 and 2 following treatment with steroids was
statistically significant (p=0.001 for Group 1 and p=0.002 for
Group 2). As per the results of this study, the visual outcome
was better in patients who received treatment within the
first 72 hours of injury (82.4% improvement in Group 1).
However even in patients who presented after 72 hours of
injury, treatment with systemic steroids improved the visual
outcome (70.6% improvement in Group 2). Moreover, the
difference in the final visual acuity between the 2 groups
was not statistically significant (p=0.688). 9 patients (52.94%)
in Group 2 had a final visual acuity between 6/12 to 6/6.
In group 2 the mean interval between the trauma and the
administration of steroids was 10 days. Reasons for the delay
in administration of steroids could be delay in diagnosis of
TON for example in patients presenting with head injury
and loss of consciousness (due to which there is difficulty in
assessing vision).
In Group 2, nine patients presented 4 days after injury, two
patients presented 5 days after injury, one patient presented 7
days after injury, two patients came 10 days after injury, two
patients presented 3 weeks later and one patient presented 4
months after the initial trauma. The maximum time between
the injury and steroid administration was 4 months and an
improvement of vision was noted in this patient.
The results indicate that a trial of systemic corticosteroids
can be considered in all patients of indirect TON with mild
TBI in order to optimise the visual outcome.
Prognostic factors for improvement in visual acuity with
steroids were the visual acuity at presentation and the time
period between the injury and the administration of steroids.
In our study, prognosis was uniformly poor, for patients
presenting with a visual acuity of no light perception
(i.e. 3 patients in Group 1 and 4 patients in Group 2), and
the final visual acuity in all 7 patients remained no light
perception despite a full course of corticosteroids. This was
in agreement with other studies.6 In our study, in Group 1,
all patients presenting early and receiving steroids within
72 hours of injury showed improvement in vision (with the
exception of the three patients in Group 1 presenting with no
light perception).
Four variables are related to a poor outcome in TON: blood
in the posterior ethmoid cells, loss of consciousness, age over
40, and absence of improvement after two days of steroid
treatment.8
The International Optic Nerve Trauma Study9, was designed
to compare the visual outcome of TON patients treated with
corticosteroids, optic canal decompression, or observed
without treatment. No clear benefit was found for either
treatment modality and it was concluded that the decision
to treat or not to treat should be made on an individual case
basis.
Steroids exert a neuroprotective effect following trauma, the
postulated mechanism being their antioxidant properties and
the inhibition of free radical- induced lipid peroxidation.10
This was also confirmed by the National Acute Spinal Cord

Figure 3: Number of patients with improvement in Visual acuity in Group 1
and 2

Figure 4: Visual acuity pre treatment and post –treatment with steroids for
group 1 (PL-Perception of Light, HM-Hand Movements, FC-Finger Counting)

Figure 5: Visual acuity pre treatment and post –treatment with steroids for
group 2. (PL-Perception of Light, HM-Hand Movements, FC-Finger Counting)

Discussion

The main treatment options for indirect TON are: systemic
steroids, surgical decompression of the optic canal,
combination of steroids and surgery and observation alone
There is as yet no optimum management protocol for its
management.
The controversy in therapy of TON stems from two facts.
Firstly, literature lacks a well executed randomized controlled
clinical trial, due to both the relative difficulty in recruitment
of adequate numbers and the highly heterogeneous
presentation. The second reason is the unpredictable yet
frequent incidence of spontaneous recovery of TON.7
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Injury Study.11 The application of steroids in TON relies on
the extrapolation from this study. In TON, steroids probably
reduce the intraneural or extraneural edema and relieve the
compression of the nerve fibres.12 By reducing vasospasm,
steroids may also limit contusion necrosis of the nerve.13
Steroid regimes can be classified as high dose (500-1999 mg),
very high dose (2000-5399 mg) and megadose (>5400 mg)
based on the initial daily dose of methylprednisolone used.14
The findings of the Corticosteroid Randomisation after
Significant Head Injury (CRASH) study have to be
considered in patients of TON with significant Head injury.
It investigated the effectiveness and safety of megadose
steroids in these patients and concluded that megadose
steroids should no longer be routinely used.15 In particular,
megadose steroids should be considered possibly harmful.16
Another study showed a significant increase in complication
rates with very high dose steroids.17 Therefore, high
dose steroids i.e. a maximum daily dose of 1 gm
methylprednsiolone has been advocated in TON to minimise
the risk of neurotoxicity.5
In our study, only patients with Mild TBI were included.
Owing to the higher complication rate noted with megadose and very high dose steroids, the regimen of high dose
steroids was chosen in this study. The regimen of high dose
steroids was as per that used in the Optic Neuritis Treatment
Trial18 i.e. 1 gm of intravenous methylprednisolone per day
for 3 days, followed by 1 mg/kg/day of oral prednisolone for
11 days. All cases of Mild TBI diagnosed with a TON were
administered high dose steroids only after full recovery. No
adverse effects were observed with this regimen of steroids.
Several studies19,20,21 have shown that treatment of TON
(either with corticosteroids or extracranial decompression
or both) results in better improvement in visual acuity than
conservative management alone. In a study on indirect
TON22, it was found that in those patients whose vision did
improve, the improvement started earlier when steroids
were used.
A study23 suggests that combined therapy of
methlyprednisolone injections and endoscopic optic nerve
decompression should be offered to patients of TON who
present within 72 hours of injury. Optic nerve decompression
is beneficial only if performed, when there is radiological
evidence of optic canal fracture (and impingement of the
optic nerve by the fracture fragment) or optic nerve sheath
haematoma.24 Limitations of this study were small sample
size and lack of control group.
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Conclusion

In this study, in patients of indirect TON having mild TBI,
high dose steroids optimized the visual acuity, without any
adverse effects, both in patients who presented within 72
hours and beyond 72 hours of injury
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