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Abstract

Introduction: Oculomotor nerve palsy following mild traumatic brain injury is uncommon.
The exact pathogenesis, management protocol and outcome of such patients is unclear in the
absence of large series. This article attempts to analyze the patterns of injury and recovery in
a series of twenty one patients with third cranial nerve palsy following mild traumatic brain
injury (TBI).

Materials and Methods: All patients admitted with mild head injury and third nerve
involvement were included in the study. This retrospective study covered a three-year period
from January 2015 to December 2017. Mild head injury was defined as patients with a
Glasgow Coma score of 14 -15 and having a normal CT scan at admission. The clinical profile
of the injury and recovery of the oculomotor nerve were jointly evaluated and followed up in
the department of neurosurgery and ophthalmology.

Results: Our study group included twenty one patients. Levator palpebrae superioris
involvement with ptosis (95.23%) was the most consistently affected third nerve function
followed by extraocular muscles (90.47%) and pupillary fibers (80.9%). Ptosis was partial in
11 patients and complete in nine. Of the extra ocular muscles, the most common muscles to
be involved were the inferior rectus and the medial rectus which were involved in 19 patients
(90.47%). Superior rectus involvement was seen in 13 patients and inferior oblique in nine
patients. Imaging including thin section CT scans (all patients) and FIESTA MRI sequence (2
patients) did not reveal any significant abnormality. All our patients were managed
conservatively. Steroids and corrective surgery was not tried in any patient. On follow up,
after a mean period of 6 months, partial ptosis recovered completely while complete ptosis
recovered only in four patients (44.4%). Of the seventeen patients with pupillary involvement,
pupillary size and reaction improved in four (23.5%) and remained static in 13 patients. Of
the extraocular muscles superior rectus (9/13) and inferior oblique (6/9) appeared to have a
better recovery than inferior rectus (09/19) and medial rectus (08/19).

Conclusion: Isolated oculomotor nerve palsy following minor head injury is uncommon. The
exact pathogenesis is unclear. Advanced MRI sequences may reveal structural lesions along
the course of the third cranial nerve in few cases. Pupillary fibers are most susceptible to injury
and have the least rate of recovery. Partial ptosis recovers well. Recovery of extraocular
muscle paresis is inconsistent. Management is essentially symptomatic and the outcome is
unpredictable.

article discusses a series of twenty one patients with traumatic

Common causes of oculomotor nerve palsies, other than
congenital palsies, include aneurysms, trauma, migraine,
post-natal trauma, infection, diabetes mellitus and
neoplasms.® Isolated oculomotor nerve palsy following
traumatic brain injury is most commonly noted after severe
head injury with a reported incidence varying from
2-15%.%7 Oculomotor nerve palsy following mild traumatic
brain injury in patients with intact sensorium and normal
computerized tomography (CT) scan is uncommon. The
exact pathogenesis, management protocol and outcome of
such patients is unclear in the absence of large series. This

third nerve palsy and tries to discuss the clinical outcome.

Materials and Methods

The case records and radiological images of all patients with
third nerve palsy admitted with mild TBI in the neurosurgery
department at Kasturba Medical College, Manipal in the
three-year period from Jan 2015 to Dec 2017 were analysed.
The patients were jointly evaluated and followed up in the
department of neurosurgery and ophthalmology. Inclusion
criteria included all patients with mild head injury (GCS 14-
15) on admission and having a normal CT scan at admission.
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Isolated third nerve palsy implied patients having no
evidence of any other cranial nerve deficit involved in ocular
movements namely the trochlear and abducent nerve. All the
patients were managed conservatively and none of the
patients received steroids or any form of corrective surgery.

Results

During the study period extending over three years 3756
patients were admitted with head injury of varying severity
of whom 921 patients had mild head injury. The study group
included 21 patients having isolated third nerve palsy
amongst these 921 patients (02.2%). The study cohort
included 14 males and 07 females with a mean age of 40.63
years. Road traffic accident was the most common cause of
head injury (93%). Complete oculomotor nerve was seen in
nine patients and the rest had varying degrees of third nerve
involvement. Levator palpebrae superioris involvement was
seen in 20 patients (95.23%), eleven of whom had partial
ptosis, nine had complete ptosis. Only one patient did not
have any ptosis. Extra ocular muscle involvement was
observed in all but two patients (90.5%). Of the extra ocular
muscles, the most common muscles to be involved were the
inferior rectus and the medial rectus which were involved in
nineteen patients. Superior rectus involvement was seen in
thirteen patients and inferior oblique in nine patients.
Pupillary involvement with non-reactive or sluggish reactive
pupils and internal ophthalmoplegia was seen in seventeen
patients (80.9%) (Table 1). Imaging including thin section
CT scans (all patients) and FIESTA MRI sequence (2
patients) did not reveal any significant abnormality. All our
patients were managed conservatively Steroids and
corrective surgery was not tried in any patient. On follow up,
after a mean period of 6 months, partial recovery of ptosis
was observed in four of the nine patients with complete
ptosis. Of the eleven patients with partial ptosis all had near
total recovery. Of the seventeen patients with pupillary
involvement, pupillary size and reaction improved in four and
remained static in 13 patients. Extra ocular movements failed
to improve in six and the remaining patients had varying
degrees of improvement of extra ocular movements. Of the
extraocular muscles superior rectus (9/13) and inferior
oblique (6/9) appeared to have a better recovery than inferior
rectus (09/19) and medial rectus (08/19).

Table 1: Showing the pattern of differential involvement and
recovery of the various groups of muscles supplied by the
third nerve

Structure Involvement Recovery
involved

Levator 20 (95.23%) 15 (75.0%)
Palpebrae

Partial ptosis 11 (55%) 11 (100 %)
Complete 09 (45%) 04 (44.4%)
Nil 01 (5%) --
Pupillary 17 (80.95%) 4 (23.5 %)
fibers

Extra ocular
muscles
Inferior rectus
Medial Rectus
Superior rectus
Inferior oblique

19 (90.47%)

19 (100%)
19 (100%)
13 (68.4%)
09 (47.3%)

09 (47.3%)
08 (42.1%)
09 (69.2%)
06 (66.6%)

Table 2: Ocular involvement in comparison with other
studies

Study Ptosis | EO Muscle Pupil
Involvement | Involvement

Linetal 70% 65% 100%

Kuo et al 80% 100% 100%

Nagaseki etal | 33.3% 33.3% 100%

Present series | 95.23% 90.47% 81%

Table 3: Recovery pattern of third nerve palsy in comparison
with other studies

Recovery Rates of
Study Ptosis Extraocular Pupil
movements
Linetal 95% 83% 50%
Kuo et al 100% 60% 50%
Tokuno et al 78% 44% 20%
Present 75% 68.4% 23.5%
series
Discussion
Incidence

The exact incidence of oculomotor nerve palsy following
traumatic brain injury is unclear. Rucker and Richards report
a 15% incidence of traumatic third nerve palsy in their study
involving head injury patients of all grades of severity.%° In
contrast, most of the other reported series quote a much lower
incidence. Solomon et al in their series of 2100 patients with
head injury in a tertiary trauma center report a 1.2% incidence
of isolated direct third nerve palsy.® Similarly Memon and
Paine reported a 1.1% incidence of direct third nerve palsy in
their series of 1100 head injury patients.!* Most of these cases
of third nerve palsy were secondarily related to an expanding
hematoma or uncal herniation due to raised intracranial
pressure.l®!! In both the studies there were no cases of
isolated third nerve palsy attributable to mild head. In
contrast, trochlear nerve palsy and abducens palsy is more
common occur after minor head trauma. This is probably due
to their long intracranial course and a fragile connection to
the brain stem.”2 In comparison to trochlear and abducens
nerve palsies, presence of an oculomotor nerve palsy is
usually secondary to brain herniation and indicates increased
severity of injury.'3

Available literature on traumatic oculomotor nerve palsy
following mild head trauma is restricted to few case series,
the largest amongst them being by Lin et al.® Lin et al.
excluded six patients with sphenoid fractures from their
original series of 26 patients to compile a series of 20 patients
who had traumatic oculomotor nerve palsy following mild
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head injury with no structural abnormalities on CT scan.®
Coello et al analyzed 16440 patients with mild head injury
(Glasgow coma scale 13-15) and found that only seven had
oculomotor nerve palsies, seven had trochlear nerve palsies
and eight had abducens nerve palsies.!* Tiffin et al did not
find any patient with traumatic third nerve palsy in their
study on acquired cranial nerve palsies of varying aetiologies
conducted over a nine-year period.'® Our series of 21 patients
(02.2%) thus, is one of the largest series of isolated third
nerve palsy following mild traumatic brain injury.

Signs and Symptoms
The presenting features of oculomotor nerve palsy include
ptosis, paresis of extraocular movements and pupillary
dilatation. Internal ophthalmoplegia with pupillary
involvement seems to the most consistent observation in
published series.®4%> Occasionally post traumatic pupil-
sparing oculomotor palsy can result from infarction of the
oculomotor nerve. This is more common in patients with
diabetes mellitus. Similarly, a miotic pupil may be seen in
patients with an associated Horners syndrome. In Lin’s
series, all 20 patients (100%) had internal ophthalmoplegia,
14 (70%) had ptosis, and 13 (65%) had extraocular palsy.®
Kuo et al made a similar observation in their series of 10 cases
where all had pupillary involvement, 8 had ptosis, 9 had
complete loss of extraocular movements and one had partial
restriction with inferior rectus palsy.> In Nagaseki et al’s
series of 6 cases, all had pupillary involvement and only two
had partial extraocular palsies and ptosis.*® Oculomotor nerve
palsy may also be present with mydriasis, blepharoptosis,
near phorias in association with convergence insufficiency.
These patients may not have other obvious features of
oculomotor nerve palsy and phorias should be assessed with
cover-uncover testing in all patients before excluding third
nerve palsy. Phorias generally resolve and improve over
time.® Our findings are similar to that in other series with
90% patients having extraocular muscle paresis, 81% having
pupillary involvement and 95.2% having ptosis. (Table 2)
Pathophysiology
The exact pathophysiology of oculomotor palsy in mild head
injury with normal CT scans is unclear. Traumatic
oculomotor palsy can be caused by direct or indirect injury to
the oculomotor nerve.'” Indirect injury occurs when an
expanding lesion like blood clot or brain oedema causes uncal
herniation which results in third nerve compression. This
usually affects the cisternal segment and is seen in severe
head injury. Direct injury can be anywhere along the course
of the oculomotor nerve and include — third nerve nucleus in
the midbrain, intrafascicular part in the midbrain, at the nerve
exit zone from the midbrain, in the cisternal segment, in the
sphenocavernous region, the orbital apex and within the orbit.
Direct injury affecting the midbrain will result in features
of nuclear third nerve palsy and a poor neurological grade.
The distance the oculomotor nerve travels after its exit from
brainstem is one of the shortest route among the nerves
passing through the superior orbital fissure. Heinzel in an
autopsy investigation of cranial nerve injuries suggested the
following mechanism for third nerve damage - contusion

necrosis with softening of the proximal extramedullary nerve
trunk, intraneural and perineural hemorrhage at the superior
orbital fissure, and nerve rootlet avulsion and damage at the
exit site from the midbrain.'® He proposed that the differential
movement between the brainstem and supratentorial
structures and the resultant shearing injury on the third nerve
is the likely pathology.'® During its course, the third nerve
runs over the tough posterior petroclinoid ligament. It is
likely to be stretched at this point when the brain stem shifts
downwards at the moment of impact .1%?* Internal
ophthalmoplegia results due to injury to the pupillomotor
fibers on the ventromedial surface of the third nerve at this
point because this acts as the fulcrum during the downward
displacement of the brainstem.?>23

The third nerve may also suffer from disturbances in
blood supply secondary to head injury. Few authors believe
that a pre-existing structural abnormality like an occult mass
lesion is necessary for third nerve to get affected following
mild head injury.112024-26 Walter et al reported a case where
in a third-nerve palsy after mild head trauma was associated
with an underlying posterior communicating artery
aneurysm.? Jacobson et al report a case where post traumatic
nerve palsy was associated with an arteriovenous
malformation compressing the nerve.?” These mechanisms
although plausible are extremely rare and we did not have any
such patients in our series.
Imaging
In indirect-type injuries, the underlying pathology like brain
oedema or brain hemorrhage can often be diagnosed with
relative ease on imaging studies. However, in direct-type
oculomotor injuries, only subtle findings may be noted on
imaging. CT scan will seldom show any abnormality except
for occasional thin fracture lines along the margins of the
superior orbital fissure. Magnetic resonance imaging (MRI)
may show the presence of stretch injury in the dorsal
midbrain or dot haemorrhages at the site of exit of the
oculomotor nerve. MRI may also pick up bending of the
oculomotor nerve at the posterior petroclinoid ligament, and
enhancement of the cisternal portion of the oculomotor
nerve.152227-2% Magnetic resonance angiography may reveal
the presence of a posterior communicating artery aneurysm if
present. Diffusion tensor imaging (DTI) if available may
show petechial cerebral hemorrhages that spared the
brainstem.?® Partial sectioning of the oculomotor nerve just
before entering the superior orbital fissure can be detected by
Diffusion tensor imaging fiber tracking of the oculomotor
nerve where it is seen as a sharp arrest of oculomotor fibers
at this precise point.2° In our series CT scan including thin
section orbital cuts failed to reveal any significant
radiological abnormality. MRI was done in only two patients
and did not pick up any abnormality.
Management
Treatment for complete oculomotor nerve palsy is often
challenging both from a cosmetic and a functional point of
view. As observed by Miller et al there is no satisfactory
surgical treatment for patients with complete 3rd nerve palsy.
Ptosis, diplopia, accommodation deficits, phorias can all be
extremely disabling and stressing.5?' Few patients who
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develop amblyopia may never have adequate improvement of
visual acuity.

Management is essentially expectant and symptomatic.
Steroid usage has been reported in a few cases of direct injury
with inconsistent varying results.%?® Similarly botulinum
toxin injection has been found to be beneficial in selected
patients. A few patients have also been managed with
occluding cosmetic contact lenses to prevent diplopia as a
temporary measure until recovery. Patients with evidence of
bony compression may benefit from  surgical
decompression.® Strabismus surgery and ptosis surgery is
considered when there is no further improvement but is
usually delayed up to 6 to 12 months after the trauma.
Spontaneous recovery is rare but possible and it is prudent to
wait for at least six months before strabismus surgery.® All
our patients were managed conservatively.

Outcome

The prognosis of total traumatic oculomotor palsy is
unpredictable. Spontaneous recovery is possible but full
recovery is seldom seen.>1%2%30 | in et al showed a 14-month
recovery rate of 95% for ptosis, 83% for extra-ocular muscle
paresis, and 50% for pupillary involvement.® Kuo et al
reported a recovery rate of 100% for ptosis, 60% for extra
ocular muscle involvement and 50% for the pupil in the ten
patients that they studied.® Tokuno et al reported an
improvement of the levator function in 78%, the extra ocular
movements in 44% and pupil function in 20%.% Partial
oculomotor nerve palsy can resolve in one to three months as
happened in eleven of our patients. Our findings are similar
to that of multiple authors who have observed that recovery
rate of ptosis is higher than that of external ophthalmoplegia
and pupillary fibers. In our study recovery of ptosis (75%)
was higher than the extra ocular movement recovery (68.4%)
and the recovery of the pupillary fibers (23.5%). (Table 3)
No definitive prognostic factor has been established except
for Park et al’s observation that the initial deviation angle is
the only prognostic factor associated with complete
recovery.%

Conclusion

Isolated oculomotor nerve palsy following minor head injury
is uncommon. The exact pathogenesis is unclear and
advanced MRI sequences may reveal structural lesions along
the course of the oculomotor nerve in few cases. Pupillary
fibers are most susceptible to injury and have the least rate of
recovery. Partial ptosis recovers well. Recovery of
extraocular muscle paresis is inconsistent. Management is
essentially symptomatic and the outcome is unpredictable.
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