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Surgery for Optic Nerve Injury: Should
Nerve Sheath Incision Supplement Osseous
Decompression?
Alok Thaker, M.S., F.R.C.S.Ed.,1 Dev Ashish Tandon, M.S., F.R.A.C.S.,1

and Ashok K. Mahapatra, M.S., M.Ch.2

ABSTRACT

Objective: To evaluate the benefits and risks of performing an optic nerve
sheath incision to supplement standard osseous optic canal decompression for traumatic
optic neuropathy. Methods: Before-after analysis of 57 cases undergoing optic nerve
decompression at a tertiary referral centre from 1988–2006. Fifty-five cases had
adequate post surgical follow-up for evaluation for improvement. Group A (n¼ 35)
had decompression of the osseous optic canal and surgical slitting of the optic nerve
sheath; Group B (n¼ 22) had osseous decompression alone. The groups were
comparable for age, injury severity, and injury-surgery interval. Main outcome measure:
Percentage visual improvement, which was calculated by conversion of the pre- and
post-intervention visual acuity measurements to the logarithm of the minimum angle of
resolution (logMAR) scale. Results: No significant recovery was noted in subjects with
persistent complete blindness (PL-ve vision). In subjects with residual pre-op vision,
the quantum of recovery was greater in Group A than in Group B (46% and 33%
respectively, p¼ 0.10). The difference was especially evident in subjects with no optic
canal/posterior orbit fracture ( p¼ 0.07). Three cases with the sheath incision developed
transient CSF rhinorrhea in the initial experience, but this was subsequently alleviated
with modification of surgical technique. Conclusion: The addition of optic nerve sheath
incision to osseous decompression may improve recovery in optic nerve injury, especially
in subjects without optic canal fracture.
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Surgical decompression of the optic nerve is

one of the advocated treatments for visual loss

secondary to optic nerve injury.1–3 Of the three

segments of the optic nerve—intraorbital, canal-

icular, and intracranial—surgical decompression is

directed to the canalicular segment, where the nerve

passes through a bony canal and is prone to com-

pression. Compression may occur either because of

a fracture of the bony canal or because of intraneural

contusion and hemorrhage, secondary vasospasm

and veno-occlusion, edema, and necrosis.4,5 These

pathophysiological developments cause intraneural

swelling leading to a compartmental syndrome

within the constricting confines of the bony optic

canal with progressively increasing veno-occlusion,

consequent tissue edema, and consequent further

veno-occlusion. The visual loss caused by veno-

occlusion and compression may be initially rever-

sible, but progressive compression may lead to

arterial obstruction and irreversible infarction.6

Surgical decompression is effective because

it releases the compartmental syndrome. Opinion

in the literature is, however, divided on whether

this decompression should be restricted to surgical

decompression of the bony canal alone, or should

include decompression of the nerve sheath, too.

The optic nerve sheath is an anterior extension of

the middle cranial fossa dura, which envelopes the

canalicular optic nerve and condenses at its ante-

rior end to a concentric fibrous ring known as the

annulus of Zinn. Proponents of decompression of

the nerve sheath note that the post-traumatic

compartmental syndrome is best relieved by re-

leasing the constricting sheath enveloping the

nerve.7,8 Detractors of nerve sheath slitting, how-

ever, doubt its efficacy and also note that this may

cause an occasional cerebrospinal fluid (CSF)

leak, may potentially disrupt the pial vessels con-

tributing to nerve vascularity, may disrupt the

nerve fascicles, and may also risk injury to the

ophthalmic artery coursing in the optic canal.7–9

Most surgeons have fixed positions on the

advisability of whether to slit the nerve sheath;

the potential benefits of nerve sheath decompres-

sion combined with bony canal decompression

versus bony canal decompression alone have never

been tested.

The authors’ policy on optic nerve sheath

decompression has changed over time due to the

varying perceptions regarding its efficacy and risks.

The dataset includes patients with bony decom-

pression alone and those with nerve sheath decom-

pression in addition to bony decompression. The

quantum of improvement in the two groups and the

complications resulting from nerve sheath decom-

pression are presented.

MATERIALS AND METHODS

Participants

The study group comprises 57 patients in the

period from 1988 to 2006 who underwent optic

nerve decompression for optic neuropathy secon-

dary to blunt head injury. All pre- and post-

treatment data pertaining to these patients were

prospectively collected at the time of treatment as

per our study design.

Optic nerve injury was diagnosed on the basis

of significant visual loss with an afferent pupillary

defect, and no significant pathology found in the

anterior or posterior segment ocular evaluation. All

patients had computed tomography (CT) scanning

with specific cuts for the optic nerve and canal (axial

cuts at an angle of –5 degrees to the radiological

0-degree plane and 2-mm thickness with 1-mm

overlap). In recent years, all patients with a fracture

of the optic canal have also had a magnetic reso-

nance imaging (MRI) scan to rule out vascular

injuries in the cavernous sinus and the internal

carotid artery. Optic nerve pathology was localized

to the canalicular segment on the basis of radiol-

ogy, the fundus examination, and visual field

evaluation (if feasible).

Initial treatment was with corticosteroids,

either in conventional doses or megadoses. Only

patients not improving adequately with steroid

treatment (i.e., residual visual deficit with visual
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acuity � 6/60 or visual fields < 20 degrees with no

further apparent progressive improvement) or

having progressive deterioration despite steroid

treatment were offered the option of a surgical

decompression. All patients gave informed consent

and were counseled of other treatment options as

advocated in the literature (no treatment and steroid

treatment).1,2 They were also cautioned that visual

improvement following the surgical procedure was

not consistent and usually not complete.

The preoperative visual acuity ranged from

no perception of light (PL)�ve to 6/60. The inter-

val from the onset of visual loss to the surgical

decompression ranged from 1 to 374 days (median,

63 days). Many patients’ surgeries were delayed

after injury for various reasons, including treatment

of other life-threatening injuries, referral from dis-

tant locations, and the time taken by patients to

come to an informed decision regarding their treat-

ment. Five patients had an interval > 180 days from

injury to surgery. Such cases were informed of the

possible poorer prognosis because of the delay, but

surgery was not withheld on the basis of the

literature, which demonstrated that the operation

remains worthwhile even if undertaken after a delay

of a few weeks or months.7,10–17

Surgical Procedure

Access to the sphenoid sinus was via external

sphenoethmoidectomy (with an operating micro-

scope for magnification) in the initial 35 patients

(before 1999), and via transnasal endoscopy in

22 patients since 1999. The subsequent operation,

following access to the sphenoid, was similar

(whether initial access was by external sphenoeth-

moidectomy or by endoscopic sphenoethmoidec-

tomy). The optic canal was identified either as the

bulge on the lateral wall of the sphenoid or by

following the orbital periosteum posteriorly until

it converged on the opening of the optic canal. The

bony canal was then decompressed by removing its

medial wall. The anterior end of the canal was often

thick and required a drill to ensure an atraumatic

decompression. The posterior transition of the

intracanalicular segment of the nerve to its intra-

cranial segment cannot be easily discerned when the

nerve is viewed from its medial aspect from the

sphenoid. The posterior limit of bone removal was,

therefore, arbitrarily set to the point where the

nerve curved from an oblique to a transverse direc-

tion in its posterior course, indicating that it was

nearing the chiasmal region and well posterior to

the encasing bony canal. In four patients, however,

decompression had to be restricted to the anterior

portion because the posterior bone was extremely

thick and vascular—possibly secondary to callus

formation.

Following osseous optic canal decompres-

sion, further slitting of the optic nerve sheath was

undertaken in 35 of 57 patients. The initial policy in

the early years (1988–1990) was to incise the nerve

sheath. Subsequently, because of complications,

slitting of the nerve sheath was discontinued. An

analysis in 1999, however, suggested the quantum

of visual recovery to be possibly better in patients

that had had incision of the nerve sheath;7 there-

fore, the nerve sheath is again being incised. The

sheath incision was undertaken by a Bard-Parker

knife with a disposable sickle shaped blade (no. 12)

in the superomedial quadrant of the circumference

of the nerve. It extended posteriorly to anteriorly to

include the anterior fibrous annulus of Zinn and to

continue for 3 to 5 mm into the posterior orbital

periosteum. In the overall dataset, nerve sheath

incision was undertaken in 35 patients, 14 in the

initial years (1988–1990) and 21 in the years since

1999 (1999–2006).

In our current practice (after 1999), after

slitting the nerve sheath, a specific attempt is

made to precipitate occult CSF leaks by under-

taking an ‘‘anesthetic Valsalva maneuver’’ to tran-

siently increase the CSF pressure. In cases where

this maneuver precipitates any suspicion of a leak, a

mucosal graft from the ethmoid sinuses is then

placed over the slit sheath. Three of 21 cases have

required such a mucosal graft.

Patients were discharged from the hospital at

a mean of 3.75 days (median, 3 days) after surgery.
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Assessment and Analysis

Following discharge, patients were assessed at

1 week, 1 month, and 3 months for improvements

in visual acuity and visual fields and for complica-

tions. Visual acuity recorded at the 3-month post-

operative visit was taken as the final maximal

improvement. In three patients for whom 3-month

follow-up information was not available, the obser-

vations of the 1-month follow-up were used. Two

other patients with follow-ups of less than 1 month

were excluded from the analysis.

The severity of injury was graded (Table 1)

based on the system proposed by Cook et al.1 Grade

of injury is based on fractures of the optic canal or

posterior orbit and the worst recorded vision (which

usually corresponds to the immediate post-trau-

matic vision). For purposes of grading, fractures of

the posterior orbit and the optic canal were treated

similarly, and no differentiation was made between

displaced and undisplaced fractures.

For a quantitative assessment of the degree of

visual improvement following surgery, the visual

acuity was converted to the logarithm of the mini-

mum angle of resolution (logMAR) scale per the

given conversion chart (Table 2), and the percent-

age improvement was calculated.1,7 The percentage

improvement was calculated as the quantum of

improvement following surgery (postoperative vi-

sion versus preoperative vision), as a proportion of

the preoperative visual deficit (preinjury vision ver-

sus preoperative vision; Table 2). Because preinjury

vision was never directly recorded by us, this was

based on previous records, if available. In situations

where no such records were available and the patient

reported preinjury equivalent vision in both eyes, the

Table 1 Comparison between Patients with and without Sheath Incision

All Patients (n¼55)*

Preoperative Vision >PL�ve

(n¼42)*

Group A

(Sheath Incised)

(n¼33)

Group B

(Sheath not

Incised)

(n¼ 22)

Group A

(Sheath

Incised)

(n¼ 24)

Group B

(Sheath not

Incised)

(n¼ 18)

Age (y): mean (range) 27.3 (6–52) 25 (6–45) 26.5 (6–52) 25.6 (6–45)

Preoperative visual acuity

� PL�ve 9 4 � �
� PLþve 4 2 4 2

� Hand movements 6 7 6 7

� 1/60 6 3 6 3

� 2/60 2 1 2 1

� 3/60 1 3 1 3

� 6/60 5 2 5 2

Fracture (optic canal/postorbit)

� Fracture present 12 10 6 6

� No Fracture 21 12 18 12

Grade of Injuryy

� Grade 2 (no fracture,

vision >PL�ve & �6/60)

14 8 14 8

� Grade 3 (fracture or PL�ve) 11 7 8 7

� Grade 4 (fracture & PL�ve) 8 7 2 3

Injury-operation interval (d)

Median 63 61 67 66.5

*Two cases excluded from initial data set of 57 because of inadequate length of follow up.
yGrade of injury is based on fractures of the optic canal or posterior orbit and the worst recorded vision.
PL�ve, no perception of light; PLþve, perception of light.
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contralateral visual acuity was recorded and pre-

sumed equivalent to the preinjury vision.

Recording and analysis of the dataset were

done with Epi Info, version 6.04 (Centers for

Disease Control and Prevention, Atlanta, GA).

Statistical comparisons were done by the Mann-

Whitney test and the Fisher exact test.

RESULTS

The 57 patients in the study group included 53 males

and 4 females. The age ranged from 6 years to

52 years (mean, 26.7 years). Forty-three had sus-

tained the injury in a traffic accident. Thirty-one had

had some period of unconsciousness following the

injury, and in 18 of these, this period was > 6 hours.

Fifty-five of the 57 patients had adequate

postoperative follow-up examinations for evalua-

tion of quantum of improvement. Thirty-three of

these had a nerve sheath incision in addition to

osseous canal decompression (group A), and the

other 22 had a decompression of the osseous optic

canal alone (group B). A comparison of the two

groups with regard to patient age, fractures of the

optic canal and posterior orbit, preoperative vision,

grade of injury, and time since injury indicates that

the two groups are comparable (Table 1). Because

visual outcome analysis was mainly relevant in the

patients with partial visual loss, these patients are

illustrated separately (Table 1).

A marked difference in outcome was ob-

served among patients with complete visual loss

(PL�ve) and patients with partial visual loss (vision

>PL�ve). Only 1 of 13 patients with complete

visual loss showed some minimal improvement

following optic nerve decompression (PL�ve to

PLþve). This one patient had decompression on

the fourth day postinjury. No other patient with

complete visual loss responded to surgery. Thirty-

four of 42 patients with partial visual loss improved

following surgery, with a mean improvement of

40.6% (standard error, 4.2%; range, 0 to 89.1%).

Ten patients developed visual acuity of 6/18 or

better; five had visual acuity of 6/12 or better.

The quantum of recovery in the two groups is

illustrated in Table 3. In patients with partial visual

loss, the mean quantum of recovery in group A was

46.6% compared with a mean recovery of 32.8% in

group B (p¼ 0.10). Because patients with complete

visual loss have a uniformly poor prognosis, sub-

group analysis was restricted to patients with partial

visual loss. The analysis indicates the difference

between the two groups to be particularly manifest

in patients with no fractures of the posterior orbit or

optic canal (p¼ 0.07) and in patients with grade 2

injury (p¼ 0.10).

A final visual acuity of 6/18 or better was

achieved by a greater proportion of patients in

group A (8 of 24 patients) than in group B (2 of

18 patients; Table 4). A final visual acuity of 6/12 or

better was achieved by 5 of 24 in group A compared

with none in group B (p¼ 0.06).

Complications encountered in the two

groups are listed in Table 5. The complications

include the those encountered in all patients and,

separately, those in the subgroup with partial

visual loss. Two patients, one each in group A and

Table 2 Conversion Scale of Visual Acuity*

Visual Acuity logMAR

PL�ve (no perception of light) � 4.70

PLþve (perception of light) � 3.70

Hand movements � 2.70

1/60 � 1.70

2/60 � 1.40

3/60 � 1.30

6/60 � 1.00

6/30 � 0.70

6/24 � 0.60

6/18 � 0.48

6/12 � 0.30

6/9 � 0.18

6/6 0.00

6/5 0.12

6/4 0.18

Improvement% ¼ postop logMAR�preop logMAR
preinjury logMAR�preop logMARy � 100%

*Equivalent logarithm of the minimum angle of resolution
(logMAR) scores for visual acuity measurements per the Snellen’s
chart.
yThe calculation for computing the percentage improvement.
postop, postoperative; preop, preoperative.
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group B, had a transient decrease in vision following

decompression that improved to preoperative levels

or better after treatment (with steroids in one

patient, and with the evacuation of a sphenoid

hematoma in the other patient). Three of the 14

initial patients in group A (nerve sheath incision

group) had transient and self-limiting CSF rhinor-

rhea. No further CSF leaks occurred in the subse-

quent 21 patients with a nerve sheath incision, in

whom care was taken to detect even minor intra-

operative CSF leaks by transiently raising the CSF

pressure following the sheath incision, and placing a

mucosal graft on the site if even the slightest leak

was suspected.

DISCUSSION

Surgical decompression of the optic nerve seeks to

relieve the compression on the nerve fibers. Such

compression may be either ‘‘external’’ (e.g., dis-

placed fracture or extraneural hematoma) or ‘‘inter-

nal’’ (e.g., secondary to intraneural edema or

hematoma and consequential compartmental syn-

drome). Internal compression may not be com-

pletely relieved by bony decompression alone and

would be better relieved by a further slitting of the

optic nerve sheath and the fibrous annulus of Zinn.

This study indicates that the quantum of improve-

ment following surgical decompression is better in

Table 3 Percentage Improvement among Patients in Groups A and B*

Group A

(n¼ 33)

Group B

(n¼22)
Statistical

Significance

(Mann-Whitney

Test)

Proportion

Improving

Mean

Improvement

(%)

Proportion

Improving

Mean

Improvement

(%)

Preop vn¼PL�vey (n¼ 13) 1/9 1.6 0/4 � �
Preop vn >PL�vey (n¼42) 20/24 46.4 14/18 32.8 0.10

Subsequent Analysis Restricted to Patients with Residual Vision before Surgery (vn >PL�vey)

n¼24 n¼ 18

Fracture (optic canal/postorbit)

� Fracture present (n¼ 12) 4/6 30.3 4/6 29.0 0.87

� No fracture (n¼ 30) 16/18 51.8 10/12 34.6 0.07

Grade of injuryz

� Grade 2 (n¼ 22)(no fracture, vn >PL�ve & �6/60) 13/14 57.5 8/8 43.0 0.10

� Grade 3 (n¼ 15) (fracture or PL�ve) 6/8 35.2 5/7 28.2 0.60

� Grade 4 (n¼ 5) (fracture & PL�ve) 1/2 13.5 1/3 16.1 �

*Group A patients had optic canal decompression supplemented with incision of the nerve sheath; group B patients had canal
decompression alone and no incision of the nerve sheath.
yCategorization of patients into vn¼PL�ve and Vn >PL�ve is based on the preoperative vision after medical treatment and spontaneous
improvement. Patients with persistent PL�ve despite medical treatment and spontaneous therapy are considered an extremely poor
prognostic group.
zGrade of injury is based on fractures of the optic canal or posterior orbit and the worst recorded vision.
vn, vision; PL�ve, no perception of light; PLþve, perception of light.

Table 4 Proportion of Patients Developing Useful Vision*

Group A

(Sheath Incised)

n¼24

Group B

(Sheath not Incised)

n¼ 18 Odds Ratio

P Value

(Fisher Exact Test)

Final vision � 6/18 8/24 2/18 4.0 0.14

(95% CI 0.6–32.5)

Final vision � 6/12 5/24 0/18 Undefined 0.06

*Useful vision here is considered to be � 6/18. The analysis is restricted to patients with residual vision before surgery (i.e., preoperative
vision >PL�ve), which in this study was 42 patients.
CI, confidence interval; PL�ve, no perception of light.
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patients in whom the decompression involves both

decompression of the osseous canal and the nerve

sheath rather than the osseous canal alone (46.4%

versus 32.8%, p¼ 0.10). This is especially so in

patients with no evidence of fractures, in whom

the compression may be largely internal (51.8%

versus 34.6%, p¼ 0.07).

Significant visual improvement to a final

visual acuity of 6/18 or better was achieved in 10

of 42 patients with partial visual loss. Such improve-

ment was more likely in patients in whom the nerve

sheath was slit than in patients in whom it was not

(odds ratio, 4.0; 95% confidence interval [CI] 0.6 to

32.5) (Table 4).

Statistical support for these findings is bor-

derline (0.10 < p< 0.05) (Tables 3 and 4), but they

provide the current best evidence to guide surgical

practice. In the context of the limited number of

such patients, it remains unlikely that further and

more statistically robust answers would be available

to this particular question in the near future.

Previous literature has documented that prog-

nosis following optic nerve decompression may be

influenced by patient age,18,19 presence or absence of

fractures,1,7,20 preoperative vision,1,17,18,20 grade of

injury,1,7 and delay from injury to surgery.21 Table 1

demonstrates that patients in both groups were

comparable for these parameters. A slight discord-

ance was noted in the proportion of fractures and the

grade of injury in the two groups, and a stratified

analysis was undertaken for these factors (Table 3).

The layers of the optic nerve sheath as

viewed from a medial trans-sphenoidal approach

include the periosteal and dural layers of the dura

mater, the arachnoid sheath, the subarachnoid

space, and the pial sheath, which is adherent to

the nerve.22 Nerve sheath incisions may potentially

be limited to the superficial dura mater alone and

may not violate the subarachnoid CSF space. An

obvious intraoperative CSF leak was noted by us

in only 1 of 35 sheath incisions (Table 5). Other

surgeons have also noted CSF egress being unusual

following sheath incision for traumatic neuropa-

thy,12,23 and it has been speculated that canalicular

trauma may lead to obstruction of communication

between the chiasmal cistern and the subarachnoid

spaces around the optic nerve.12

Two other patients in this series, however,

demonstrated CSF leakage in the immediate post-

operative period. No intraoperative CSF leaks had

been noted in these patients. Based on this experi-

ence, we have since become extremely cognizant of

Table 5 Complications Encountered in Patients with and without Slitting of Nerve Sheath

All Patients

(n¼57)

Preoperative Vision >PL�ve

(n¼ 44)

Group A (sheath incised) n¼ 35 n¼ 26

Initial 14 patients (no mucosal graft)

� Intraoperative transient CSF leak 1 1

� Immediate postoperative CSF leak 1 1

� Delayed CSF leak (complicated by meningitis) 1 1

Subsequent 21 patients (Valsalva maneuver & prophylactic mucosal graft if required)

� CSF leak — —

� Transient decrease in vision 1 1

� Secondary hemorrhage/epistaxis 1 —

� Incomplete posterior decompression 1 1

Group B (sheath not incised) n¼ 22 n¼ 18

� Transient decrease in vision 1 1

� Intraoperative bleeding (not related to ICA) 1 1

� Incomplete posterior decompression 3 1

PL�ve, no perception of light; CSF, cerebrospinal fluid; ICA, internal carotid artery.
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silent and delayed CSF leaks resulting from the

nerve sheath incision. Our current practice is to

specifically precipitate any incipient CSF leaks by

transiently raising the CSF pressure and to repair

the incision site with a mucosal graft at the slightest

suspicion of a leak. With such a policy, no further

morbidity has occurred with CSF leaks in the last

21 patients with a nerve sheath incision. Other

authors have similarly suggested that fibrin glue

be applied to the nerve sheath following a surgical

incision.8

The ophthalmic artery also traverses with the

optic nerve in its sheath, but it is anatomically

lateral to the nerve and is not normally encountered

in the medial trans-sphenoid approach. The artery

may, however, occasionally be in an inferior or

inferomedial location to the nerve,8,22 and it is

therefore standard practice to place the nerve sheath

incision in the superomedial quadrant of the nerve

circumference.8

Controversy continues over the best timing

for nerve decompression. It would be logical to

assume that early surgical decompression would be

more efficacious in reversing pathology than de-

compression that has been delayed by a few weeks.

Early surgical decompression, however, has not

been proved to be more efficacious than early treat-

ment with steroids in conventional doses or mega-

doses.1,2 Moreover, optic nerve injury may be

associated with other life-threatening and progres-

sive injuries and also injury to the internal carotid

artery;21 in these scenarios medical management is

perceived as the safer initial treatment option. Our

policy, therefore, is initial treatment with megado-

ses of steroids, with surgical decompression recom-

mended only for patients who, despite such medical

treatment, continue to have poor vision or whose

vision progressively deteriorates. The efficacy of this

treatment policy has been previously documented in

the literature,7,15 and many other studies have noted

the potential of the nerve to recover even if surgery

is delayed by a few months.10–14,16,17 In the context

of the analysis of this study, both groups are

similarly matched with regard to the injury-to-

surgery interval.

Good improvements in vision were achieved

in this study even though the time from injury to

decompression was significantly delayed. This may

be attributed to case selection, where patients with

poor prognostic factors such as PL�ve vision and

fractures are limited in number. Many workers have

restricted optic nerve decompression mainly to

patients with very poor vision (finger counting or

worse)8,17,18,21,24 because of fears of further worsen-

ing vision as a result of surgery.24 Such patients,

however, have a poor prognosis,7,13 and the results

of nerve decompression in such subgroups have,

therefore, proved disappointing. This study indi-

cates that surgical decompression of patients with

persistentlycomplete loss of vision (PL�ve) despite

steroid treatment is almost always disappointing,

and we no longer recommend surgical decompres-

sion for such patients. Our experience further

indicates that the operation is safe, and, with appro-

priate expertise, there is little risk of worsening

vision because of surgery. We advise surgical decom-

pression for all patients who, following steroid treat-

ment, have residual vision of 6/60 or worse, but to

exclude all patients with complete visual loss.

CONCLUSION

This article demonstrates the efficacy of a nerve

sheath incision in enhancing the visual outcome in

patients with traumatic optic neuropathy who

undergo decompression of the osseous optic canal.

The potential of the nerve sheath incision to

provoke an immediate or delayed CSF leak is

also noted, and the efficacy of current surgical

techniques to reliably detect and seal such leaks is

demonstrated.

A better quantum of improvement and

a greater probability of achieving useful vision

(� 6/18) was noted in patients who underwent

slitting of the nerve sheath in addition to osseous

optic canal decompression. This was especially

so in patients with no optic canal and/or poste-

rior orbital fracture, and is consistent with the
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pathophysiological mechanisms that suggest nerve

fiber compression secondary to intraneural com-

partmental syndrome.
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