
Surveillance of
traumatic optic
neuropathy in the
UK

V Lee1, RL Ford1, W Xing2, C Bunce2 and B Foot3

Abstract

Aims The aim of this study is to provide

epidemiological data on the incidence,

aetiology, management, and visual outcome in

traumatic optic neuropathy (TON) in the UK.

Methods Patients with TON were identified

prospectively by population-based active

surveillance through the British Ophthalmic

Surveillance Unit over a 2-year period with

data obtained from an incident questionnaire

and follow-up questionnaire sent to positive

reporters.

Results Incident and follow-up data were

available on 121 and 97 (80%) patients,

respectively. The minimum estimated

incidence was 1.005 per million. Leading

causes included falls (25.6%), road traffic

accidents (RTAs) (21.5%), and assaults (20.7%).

The median age was 31 years. There were 95

(78.5%) men. Presenting visual acuity (VA) was

6/60 or worse in 85 (70%) patients, with 43

patients (36%) with no perception of light.

Associated injuries included 47 (39%) orbital

wall fractures, 37 (31%) closed globe injuries,

23 (19%) ocular adnexal injuries, 23 (19%) skull

fractures, and 18 (16%) intracranial bleeding.

Sixty-five percent (75/116) received no acute

treatment and 35% (41/116) received steroids

and/or surgery. Of the treated group, 24% (8/

33) and of the untreated group 20% (11/56)

improved three lines or more of VA (P¼ 0.61).

Prompt ophthalmic examination (P¼ 0.002),

orbital fracture (P¼ 0.046), high Glasgow

Coma Scale (GCS) score (P¼ 0.023), and poor

initial VA (P¼ 0.009) were associated with

increased likelihood of treatment. Poor initial

VA (Po0.001), orbital fracture (P¼ 0.004), and

significant head injury (P¼ 0.038) were

associated with poor visual outcome.

Conclusions This study suggested that young

men were at greatest risk of TON. We detected

a trend towards conservative management of

this condition in the UK. TON was associated

with significant ocular, orbital, and head

injuries that highlighted the need for

multidisciplinary management.
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Introduction

Traumatic optic neuropathy (TON) is a rare

cause of severe permanent visual impairment

following injury. TON can be caused by sharp

trauma (direct injury) damaging the optic nerve

directly, but classically results from damage

from transmitted forces following a concussive

blow to the head or orbit (indirect injury).

Typically, the initial clinical ophthalmic findings

include decreased visual acuity (VA) and a

relative afferent pupillary defect (RAPD) in

unilateral or asymmetrically affected bilateral

cases. Optic atrophy develops in the ensuing

weeks or months.

Little is known about the epidemiology of this

condition as most published reports in the

medical literature consist of small non-

comparative retrospective interventional case

series. The management of TON remains

controversial. There was a widespread trend to

treat TON with varying doses of steroids, and

megadose steroid treatment came into vogue

due to extrapolation from the findings from the

Second National Acute Spinal Cord Injury

Study (NASCIS-II1). This approach has lost

favour in recent years after the corticosteroid

randomizationafter significant head injury

(CRASH)2 finding of adverse survival effect of

megadose steroids in severe head injury.

There were reports in the TON case literature

of 0–48%3–7 rate of spontaneous improvement,

44–82%8,9 rate of improvement with varying
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doses of steroid treatment, and 37–71%10–13 rate of

improvement with surgical optic nerve decompression.

The 2001 International Optic Nerve Trauma Study

(IONTS),14 the only prospective international

observational study, and the recent TON Cochrane

reviews15,16 did not recommend a standardized

investigation or treatment protocol. To our knowledge,

there have been no published data regarding the

demographics of TON in the UK.

This study aimed to estimate the incidence of TON in

the British Isles to determine national and regional

patterns of presentation and ophthalmic referral, to

obtain demographic data and to assess the types of

injuries that lead to TON in the UK, to document the

level of initial and final visual impairment and

concurrent injuries, investigations and treatments in

current use, and to determine the prognostic factors

associated with a good or poor visual outcome.

Materials and methods

New cases of TON were ascertained prospectively with

active surveillance through the British Ophthalmic

Surveillance Unit (BOSU) over a 2-year period between

November 2004 and November 2006.

The BOSU was established in 1997 under the auspices

of the Royal College of Ophthalmologists to facilitate

epidemiological research into rare eye conditions with

significant public health or scientific importance.17

Investigators submitted proposals to the BOSU steering

committee for approval of conditions to be surveyed.

Monthly reporting cards were sent out to more than two

UK-based ophthalmologists with clinical autonomy (1089

consultant ophthalmologists and associate specialists)

requesting them to report all new patients seen in the

previous month with the condition under surveillance or

indicate nothing to report. The BOSU then informed the

study investigators about the relevant reported cases.

The study investigators then contacted the reporting

ophthalmologists to seek all relevant clinical data.

Appropriate approval for this study was granted by the

Huntingdon Multi-Centre Research Ethics Committee.

TON was defined as any patient with new optic nerve

dysfunction attributable to recent trauma in the absence

of significant open globe trauma, with a RAPD in

unilateral cases.

Between November 2004 and November 2006, every

reporting ophthalmologist with a positive TON case

notification to BOSU was sent a detailed incident

questionnaire requesting data on the aetiology,

presenting features and initial management of TON. A

follow-up questionnaire was then sent 6 months later

requesting information on subsequent management and

outcome. Reminder letters were sent to all

ophthalmologists who failed to return their questionnaire

to improve the completeness of reporting.

To improve the accuracy of the estimate of incidence,

duplicate reports in the absence of patient name were

identified using hospital number, sex, and date of birth.

Data were recorded in a Microsoft Access database and

analysed using Stata version 9 (StataCorp LP, TX, USA).

VA data were collected in Snellen and analysed as an

ordinal variable. w2-Test/Fisher’s exact test assesses

evidence of association between categorical variables.

The Wilcoxon rank-sum test was used to assess evidence

of a difference between treatment status, final VA status

dichotomized as 6/60, and ordinal variables such as VA

and Glasgow Coma Scale (GCS) score.

Results

Over the 2-year study period, 205 reports of possible

cases were received by BOSU, from all regions of the UK.

Incident questionnaires were returned by 165 (80%), of

which 44 had to be excluded (7 were found to be clerical

errors, 2 reports pertained to injuries first presenting

before November 2004, 12 were duplicate reports, 12

were misdiagnoses, and in 11 cases no details could be

recalled by the reporting ophthalmologist). The

‘misdiagnoses’ were cases initially suspected to be TON

after an injury with an equivocal RAPD who were

subsequently found to have alternate diagnoses. If

duplicates, reporting errors, and misdiagnoses were

excluded, clinical data were obtained from 121 of a

possible 172 valid cases (70%). Follow-up data were

available on 97 of 121 possible patients (80%). These

response rates were similar to those achieved in previous

BOSU active surveillance studies. Median (interquartile

range, IQR) follow-up was 120 days (54–205 days) with

follow-up duration recorded for 95 patients. Eighteen

(18.9%) patients had less than 30 days, 45 (66.3%) had

between 30 and 180 days, and 32 (33.7%) had over 180

days of follow-up.

The reported incidence of TON in this study was 1.005

per million population (60.5/60.2095 million). The

population of under 18s in mid-2005 was 13.189 per

million, as there were 26 cases of TON in the age group

reported over 2 years, so the reported incidence was

0.9857 per million population.

Patient demographics and presentation patterns

Patient characteristics, referral patterns, and aetiology of

injuries

Ninety-five (79%) patients were men. The median (IQR)

age at time of injury was 31 (18, 49) years, and 21% (26/

121) were under 18 (Table 1). Seven patients (5.8%) had

bilateral TON. Eighty-two (71%) patients were seen by an
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ophthalmologist within 3 days of presentation. Fifty-two

(44%) patients were referred from Accident and

Emergency, 13 (11%) from Neurology and Neurosurgery,

Table 1 Demographic and clinical characteristics

Characteristics Number of
patients
(N¼ 121)

Percentages
(col. %)

IONTS

Age, Median (IQR) 31 (18, 49) NA
Age o18 26 21.5 34,18 (mean, SD)
Age X18 95 78.5

Gender
Male, N 95 78.5 85%
Female, N 26 21.5

Eye of injury
Left 54 44.6
Right 60 49.6
Both 7 5.8 4.5%

Injury type, N
RTA 26 21.5
Assault 25 20.7
Fall 31 25.6
Other 38 31.4
Data missing 1 0.8

GCS, N
412 53 43.7 Loss of

consciousness
9–12 6 5.0 Yes¼ 34%
o9 10 8.3 No¼ 29%
Data missing 52 43.0 Unknown¼ 13%

Category of ocular injury
External soft tissue
injury

23 19.0

Anterior segment 12 9.9
Posterior segment 11 9.1
Multiple 14 11.6
None 61 50.4

Orbital fracture
Simple 18 14.9
Complex 29 24.0
None 72 59.5
Data missing 2 1.6

Skull fracture and/or intracranial bleeding
Skull fracture 9 7.4
Intracranial
bleeding

4 3.3

Skull fracture and/
or intracranial
bleeding

14 11.6

None 94 77.7

Baseline VA
Unable to assess 3 2.5 2%
NPL 43 35.5 40%
PL 10 8.3 10%
HM 15 12.4 13%
6/60 to CF 17 14.0 16%
6/18–6/36 23 19.0 9%
6/12 and better 10 8.3 10%

Table 1 (Continued )

Characteristics Number of
patients
(N¼ 121)

Percentages
(col. %)

IONTS

Referral source
Accident and
emergency

52 43.0

Neurosurgery 13 10.7
Maxillofacial 13 10.7
Ophthalmologists 8 6.6
GP 12 9.9
More than one
source

4 3.3

Other 17 14
Data missing 2 1.6

Colour vision
Yes 42 34.7
No 58 47.9
Unable to assess 21 17.4

Visual field test
Confrontation 28 23.1
Humphrey’s 22 18.2
Goldman 11 9.1
More than one
method

2 1.7

Other 1 0.8
Not performed 57 47.1

Results of VF
Altitudinal 9 7.4
Central scotoma 3 2.5
Hemianopia 7 5.8
Total field loss 20 16.5
Other 20 16.5
Data missing 5 4.1
Not performed 57 47.1

Investigations
X-ray 31 25.6
CT 90 74.3
MRI 32 26.4
Ultrasound 7 5.8
(More than one
invest)

45 37.2

None 13 10.7

Treatment
Steroids 29 24 64%
Surgery 10 8.3
Steroids and surgery 2 1.7 33% OND
None 75 62 6.7%
Data missing 5 4.1

Abbreviations: CF, count fingers; GCS, Glasgow Coma Scale; GP, General

Practice; HM, hand movements; IQR, interquartile range; NPL, no

perception of light; OND, optic nerve decompression; PL, perception of

light; VA, visual acuity; VF, visual field.
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13 (11%) from Oral and Maxillofacial surgery, 12 (10%)

from General Practice, and 17 (14%) from other sources.

Only 8 (7%) of patients presented directly to

ophthalmologists. The most common causes of injury

were the following: 26% (31/121) from falls, 21% (26/

121) from road traffic accidents (RTAs), 21% (25/121)

from assaults, and 8% (10/121) from sport.

Miscellaneous other causes included injury from falling

objects, gardening accidents, and a terrorist bomb. When

examining the causes by age group, sport, RTAs, and

assaults were proportionately more common in the

under-60 age group and falls predominated in the more

elderly cohort (Figure 1).

Visual function at presentation

VA was 6/60 or worse in 85 (70%) of patients at

presentation, with 43 patients (36%) with no perception

of light (NPL) in the affected eye. Only 10 (8.3%) patients

presented with VA of 6/12 or better; in these cases, the

diagnosis was based on the presence of a RAPD and a

visual field defect. Colour vision data were recorded for

42 (35%) patients at presentation, of whom 32 (76%)

scored 12 or fewer plates on a standard 17-plate Ishihara

test. None of these patients were known to have pre-

existing defects in colour vision, and all scored normally

with the uninjured eye if unilaterally affected. Twenty-

one (17%) of patients were recorded as unable to perform

a colour vision test. At least one type of visual field

testing was attempted in 64 (53%) of patients (Table 1).

Ocular injury

Patients with open globe trauma were excluded from this

study due to the potential difficulty inherent in assessing

these patients’ optic nerve function at presentation, but

31% (37/121) of the patients with TON had an associated

closed globe injury. Twelve (10%) patients had anterior

segment injury, 11 (9%) had posterior segment injury, and

14 (12%) had a combination of the above. Twenty-three

patients (19%) sustained ocular adnexal injury involving

the eyelid and/or extraocular muscle(s) and/or orbital

foreign body.

Orbital injuries

Forty-seven (39%) patients had orbital wall fractures, 18

had ‘simple’ fractures (of the floor, medial, and/or lateral

walls), and 29 had ‘complex’ fractures also involving the

roof and/or orbital rims including 6 (5%) patients with

optic canal fractures.

Head injury

GCS score at presentation was recorded for 69 (57%)

patients, of whom 53 (77%) with GCS 412, 6 (9%) with

GCS 9–12, and 10 (14%) with GCS o9.18 Twenty-seven

(23%) had skull fractures and/or intracranial bleeding.

Bilateral optic nerve injury

There were three women and four men with bilateral

optic nerve injury. Three were caused by RTAs, one from

a parachute accident, one from a fall, one from a head

injury during an epileptic seizure, and one unknown

cause. Four patients presented with VA NPL in both

eyes. The remaining three patients were asymmetrically

affected with VA of NPL 1/60 and 6/18 in their worse

affected eye and HM 6/9 (with colour vision loss) and 6/

12 (with field loss) in the better eye. (For these three we

have considered the worse affected eye to be the study

eye for purposes of data interpretation.) Five patients

had skull fractures and intracranial injuries, suggesting a

high incidence of serious head trauma associated with

the bilateral cases. Four of the seven had complex orbital

fractures including an optic canal fracture. Two of those

presenting with bilateral NPL remained NPL by 6

months follow-up and the patient with CF right and NPL

left was unchanged at 2 months follow-up. One patient

who presented with VA of 6/12 right and 6/18 left and a

bitemporal field defect from chiasmal injury recovered to

6/5 in each eye after 3 months.

Radiological investigations

Forty-five patients (37%) had multiple and 13 (11%) had

no radiological investigations. Optic canal fractures were

detected in six, retro-orbital haemorrhage in five, and

optic nerve intrasheath haemorrhage in two patients

(Table 1).
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Treatment

Treatment status was available on 116 patients (Table 2).

75 (65%) had no acute treatment and 41 (35%) received

treatment: 29 (25%) had steroid treatment alone, 10 (9%)

had surgery, and 2 patients had both steroids and

surgery. The types of steroid used included intravenous

dexamethasone, intravenous methylprednisolone, and

oral prednisolone and at varying dosages. Surgical

treatment included drainage of retrobulbar haematoma

(2), orbital fracture repair (6), optic nerve decompression

(2), and evacuation of orbital foreign body (2). The

Wilcoxon rank-sum test showed that there was evidence

of a difference in baseline VA between patients who did

and did not receive treatment; presenting VA in patients

who had treatment than patients who had no treatment

(P¼ 0.009). Thirty-seven (44%) of patients who visited

the ophthalmologists within 7 days of their injury were

treated compared to 4 (13%) of patients of those who first

saw an ophthalmologist after 7 or more days (P¼ 0.002).

There was evidence too that the presence of an orbital

fracture was associated with treatment: 48% of patients

with orbital fractures had treatment compared with 29%

of those who did not (P¼ 0.046). Also patients who had a

higher GCS score were more likely to receive treatment

than those with lower score (P¼ 0.023).

Visual outcome

VA outcome (Figure 2) data were available in 35 of the 41

treated patients and 58 of the 75 untreated patients. Of

the treated group, 8 (24%) and of the untreated group 11

(20%) improved three lines or more of VA. Using Fisher’s

exact test by dichotomizing patients into these two

groups showed no association between treatment and

visual outcome (P¼ 0.61). However there was strong

evidence of an association between final VA and baseline

VA (Po0.001), significant head injury with skull fracture

and/or intracranial bleeding (P¼ 0.038) and orbital

fracture (P¼ 0.004) (Tables 3 and 4).

Discussion

TON was first described by Hippocrates19 over 2000

years ago and remains an uncommon but severe cause of

visual loss after blunt periocular trauma.

Anatomy and pathophysiology

The transmitted deformative stress most commonly

affects the intracanalicular segment20,21 of the optic nerve

where the dural sheath is tightly adherent to the orbital

periosteum, and may be associated with optic canal and

sphenoidal fractures.22 The next most common site of

injury is the intracranial portion of the optic nerve close

to the falciform dural fold,23 which may be the

anatomical basis of most bilateral TON injuries.

The pathophysiology is multifactorial and the current

hypothesis consists of irreversible immediate primary

injury of direct axonal disruption, and potentially

reversible secondary injury from ischaemia and

activation of apoptotic cascades in the retinal ganglion

cells. Most research into neuroprotection strategies is

currently based on limiting damage from secondary

injury.24

Clinical features

TON can be unilateral or bilateral, and is characterized

by the presence of a RAPD except in cases of symmetric,

bilateral TON. The impairment of VA can be variable but

is classically severe.

The visual loss is usually immediate but could be

delayed. In cases where colour vision and visual field

testing could be performed, there is often impairment of

colour vision and variable visual field defects. The initial

ocular examination is typically normal in posterior nerve

injuries, but in anterior nerve injuries there may be

associated optic disc swelling and retinal haemorrhages.

Classically optic atrophy develops in the weeks

following the injury.

Epidemiology

The incidence of TON following head trauma in

published case series varied between 0.7 and 2.5%.25,26

Previous epidemiological data derived from multiple

retrospective case series and the IONTS have indicated

male preponderance, young age, and leading causes

from RTAs, falls, and assaults in both adult27 and

paediatric28,29 cohorts.

Despite our study utilizing an effective active

surveillance methodology that received high levels of

support from the UK ophthalmologists,30,31 there

remained a certain level of underascertainment and

consequently we are reporting minimum estimates of

incidence rates. The overall response rate of the BOSU

reporting cards for the surveillance period was 77%,

whereas this did not relate directly to the level of

ascertainment it did indicate that it was unlikely that all

cases were reported. Furthermore, additional cases

would exist within the 51 reports for which no further

details were obtained. Previous surveillance studies with

the BOSU had indicated ascertainment rates between 75

and 100%,32 and it would be acceptable to consider that

ascertainment for this study to be similar and that the

incidence might vary accordingly. Examination of the
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Table 2 Demographic and baseline characteristics by treatment group

Characteristics Treatment received Total (N¼ 116) P

Yes (Row %) N¼ 41 No (Row %) N¼ 75

GCS, N Missing¼ 17 Missing¼ 33 Missing¼ 50a

X13 22 (44) 28 (56) 50
9–12 1 (17) 5 (83) 6
p8 1 (10) 9 (90) 10 0.023b

Gender
Male 33 (36) 58 (64) 91
Female 8 (32) 17 (68) 25 0.815c

Method of injury Missing¼ 1 Missing¼ 1a

RTA 11 (42) 15 (58) 26
Fall 11 (41) 16 (59) 27 0.680c

Assaults 8 (32) 17 (68) 25
Other 11 (30) 26 (70) 37

Age
o18 11 (44) 14 (56) 25
X18 30 (33) 61 (67) 91 0.349c

Ocular injury
Anterior segment 6 (50) 6 (50) 12
Posterior segment 4 (36) 7 (64) 11
Multiple 5 (38) 8 (62) 13 0.743c

External 8 (38) 13 (62) 21
None 18 (31) 41 (69) 59

Orbital fracture Missing¼ 2 Missing¼ 2a

Yes 21 (48) 23 (52) 44 0.046c

No 20 (29) 50 (71) 70

Skull fracture/intracranial bleeding
Yes 8 (30) 19 (70) 27 0.646c

No 33 (37) 56 (63) 89

Optic canal
Yes 3 (50) 3 (50) 6 0.664c

No 38 (35) 72 (65) 110

Lateral of TON
Bilateral 1 (14) 6 (86) 7
Unilateral 40 (37) 69 (63) 109 0.419c

Delay for ophthalmologists
o7 days 37 (44) 48 (56) 85
X7 days 4 (13) 27 (87) 31 0.002c

Baseline VA, N (col. %)
Unable to assessa 1 (2.4) 2 (2.7) 3a

NPL 18 (43.9) 24 (32) 42 0.009b

PL 6 (14.6) 2 (2.7) 8
HM 7 (17.1) 8 (10.7) 15
CF to 6/60 4 (9.7) 12 (16) 16
6/36–6/18 3 (7.3) 19 (25.3) 22
6/12 and better 2 (4.9) 8 (10.7) 10

Abbreviations: CF, count fingers; GCS, Glasgow Coma Scale; HM, hand movements; NPL, no perception of light; PL, perception of light; RTA, road traffic

accidents; TON, traumatic optic neuropathy; VA, visual acuity.
aExcluded from the test.
bMann–Whitney test.
cw2-test/Fisher’s exact test.
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reporting patterns and the data set did not reveal

any obvious inconsistencies and as such it was

appropriate to assume that any underascertainment was

due to random rather than systematic error and would

not unduly affect the representative nature of the

study population.

We tabulated key data items to allow for easy

comparison to the IONTS findings as the IONTS

methodology and design had the most similarities to our

study. There were however significant differencesFthe

IONTS originated as a randomized interventional trial

that was altered to an observational interventional trial

due to difficulties in patient recruitment. The IONTS had

strict inclusion criteria, with no paediatric patients and a

tendency to actively treat patients with steroids and/or

surgery. Although there was a variety of steroid dosing

regimes used in the IONTS, all surgical treatment

entailed optic nerve decompression. The nature of the

BOSU surveillance study meant that there was great

diversity of treatments used. Therefore, we have divided

our patients into two groupsFno treatment and

treatment (encompassing both steroids and surgery).

This also reflected the tendency for conservative

treatment in our cohort to ensure there were adequate

numbers of patients in each group for meaningful

comparison.

Our study was the first to use a validated population-

based surveillance to elucidate the epidemiology of TON.

We estimated the minimum incidence of this condition to

be 1.005 per million and confirmed the major at risk

group to be young men. We also found that children

were affected with similar incidence to adults. This study

also confirmed the leading causes of TON to be falls,

assaults, and RTAs (together accounting for 68% of all

cases). Moreover, there was a significant level of

associated head, orbital, and ocular injury that had not

been previously documented and highlighted the need

for multidisciplinary management.

Treatment

The main treatment options in current use for TON were

observation alone, ie conservative management; systemic

steroids; surgery, eg decompression of the optic canal,

optic nerve sheath fenestration, evacuation of

compressive orbital haematoma; and a combination of

steroids and surgery.

Conservative treatment

We detected a trend for conservative management of

TON among the UK ophthalmologists (65%). Although

one-fifth of patients appeared to spontaneously improve

with no acute treatment, a significant number were left

with severe visual impairment in their affected eye.

Steroid treatment

Moderate doses of systemic steroids have been used to

treat TON since the 1980s33,34 based on laboratory

findings of its anti-oxidant and free radical inhibitory

properties.35

There was no universal agreement as to the type,

dosage, and timing of steroid treatment in TON. The

steroid regimes in the TON literature ranged from daily

doses of o100 to 5400 mg (megadose) per day.36 The

vogue for using megadose steroids started with the

NASCIS-II, which was a multicentre, randomized,

double-blind, placebo-controlled trial. NASCIS-II found

that patients who received steroids within 8 h of their

injury had significantly improved neurological functions

compared to those in the placebo group or those who

were treated after 8 h. The NASCIS-III appeared to

confirm the benefit of early megadose steroid treatment.

However, these findings remained controversial due to

accusations of post hoc subgroup analysis,37 and

questions remained about the validity of direct
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Table 3 Demographic and baseline characteristics by final visual acuity

Characteristics Final BCVA Total (N¼ 97a) P

Better than 6/60 (Row %) N¼ 34 6/60 & worse (Row %) N¼ 63

GCS, N Missing¼ 14 Missing¼ 27 Missing¼ 41b

X13 13 (30) 30 (70) 43
9–12 3 (100) 0 3 0.185
p8 4 (40) 6 (60) 10

Gender
Male 26 (33) 52 (67) 78
Female 8 (42) 11 (58) 19 0.593c

Method of injury Missing¼ 1 Missing¼ 1b

RTA 5 (23) 17 (77) 22
Fall 6 (24) 19 (76) 25 0.032c

Assaults 5 (29) 12 (71) 17
Other 18 (56) 14 (44) 32

Age
o18 10 (43) 13 (57) 23
X18 24 (32) 50 (68) 74 0.453c

Ocular injury
Anterior segment 4 (40) 6 (60) 10
Posterior Segment 3 (33) 6 (67) 9
Multiple 1 (8) 12 (92) 13 0.198c

External 8 (47) 9 (53) 17
None 18 (38) 30 (62) 48

Orbital fracture Missing¼ 1 Missing¼ 1b

Yes 7 (18) 32 (82) 39 0.004c

No 27 (47) 30 (53) 57

Skull fracture/intracranial bleeding
Yes 3 (15) 17 (85) 20 0.038c

No 31 (40) 46 (60) 77

Optic canal
Yes 0 5 (100) 5 0.159c

No 34 (37) 58 (63) 92

Lateral of TON
Bilateral 0 4 (100) 4
Unilateral 34 (37) 59 (63) 93 0.294c

Treatment Missing¼ 4 Missing¼ 4b

Steroids or/and surgery 10 (29) 25 (71) 35
No treatment 24 (41) 34 (59) 58 0.269c

Delay for ophthalmologists
o7 days 25 (33) 50 (67) 75
X7 days 9 (41) 13 (59) 22 0.613c

Baseline VA, N
Unable to assessb 1 (33) 2 (67) 3b

NPL 1 (3) 35 (97) 36
PL 1 (11) 8 (89) 9
HM 6 (46) 7 (54) 13 0.000d

CF to 6/60 3 (23) 10 (77) 13
6/36–6/18 15 (94) 1 (6) 16
6/12 and better 7 (100) 0 7

Abbreviations: CF, count fingers; GCS, Glasgow Coma Scale; HM, hand movements; NPL, no perception of light; PL, perception of light; RTA, road traffic

accidents; TON, traumatic optic neuropathy; VA, visual acuity.
aFollow-up data not available on 24 patients.
bExcluded from the test.
cw2-test/Fisher’s exact test.
dMann–Whitney test.
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extrapolation to TON treatment. In light of the recent

laboratory research on animal optic nerves38–40 and

CRASH findings of adverse survival implications

associated with megadose steroid treatment in severe

head injuries, a recent Cochrane review recommended

that steroids should not be routinely given at all in head

injuries,41 reflecting the current consensus of TON

management

Surgical treatment

Various case series showed benefit from optic canal

decompression surgery,11–13 particularly in the presence

of optic canal fracture with an impinging bony fragment.

Others42 recommended optic nerve fenestration in the

cases of intrasheath haemorrhage detected on MRI

scanning.43

Conclusions

Our data showed that there was an association between

presenting VA and whether or not patients received

active treatment, those with worse VA being more likely

to receive treatment. Prompt ophthalmic examination

and presence of orbital fractures also increased the

likelihood of patients receiving active treatment. Similar

to the IONTS study, we found the initial VA to be

predictive of the final VA, with a trend for better

improvement in VA in patients without orbital fractures

noted in previous publications.44,45 Significant head

injury also appeared to be an adverse prognostic factor

for visual outcome.

The proportion of patients with VA that improved

three lines or more was similar in the treated (24%) and

untreated (20%) group (P¼ 0.61). However, suggesting

there was no treatment benefit with regard to final VA

needed to be interpreted with caution due to the

difference in baseline variables of the treated and

untreated cohorts and the diversity of treatments used.

This was an observational study not a randomized

controlled trial so the treating physicians were free to

tailor treatments to their patients, as they deemed

appropriate. The study also revealed that significant

numbers of patients with TON had associated ocular,

orbital, and head injuries and hence highlighted the need

for multidisciplinary management.

In concordance with the IONTS, we also recommend

that treatment should be tailored for the individual

patient. All patients should receive a thorough

ophthalmic, adnexal, and neurological examination.

Fine-section CT imaging should be routinely used in the

acute management to identify concurrent injuries and the

presence of optic canal fractures. There appeared to be

little evidence to suggest benefit of steroid treatment for

isolated optic nerve injury where visual loss is

immediate. Surgical treatment should be directed by the

radiological findings. Orbital haematomas causing optic

nerve compression should be acutely evacuated, and

where there is a bony fragment impinging on the nerve

from a optic canal fracture then endoscopic optic nerve

decompression should be considered, and similarly optic

nerve fenestration in the case of intrasheath

haemorrhage. We recognize that effectiveness of most of

the surgical interventions may be within a critical time

frame and in practice there may be delays in presentation

and varying availability of local expertise and patients

should be counselled that the prognosis for visual

improvement is guarded especially in cases with poor

presenting VA.
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