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Abstract

Background—Progressive strabismus initially considered idiopathic may be caused by isolated 

schwannomas of motor nerves to extraocular muscles, detectable only on careful imaging. This 

study reviewed clinical experience of a referral practice in identifying schwannomas on magnetic 

resonance imaging (MRI).

Methods—We reviewed 647 cases imaged for strabismus to identify presumed cranial nerve 

schwannomas, identified by gadodiamide-enhanced, high-resolution surface coil orbital MRI and 

thin-section cranial MRI. Clinical features and management were correlated with MRI.

Results—Schwannomas were identified as fusiform intraneural enlargements in 8 cases: 1 

affecting the trochlear nerve; 2, the abducens nerve; and 5 the oculomotor nerve. Involved muscles 

were atrophic. Both abducens schwannomas, 1 superior oblique, and 1 oculomotor schwannoma 

were subarachnoid; 3 were intraorbital, and bilateral oculomotor lesions of 1 case extended from 

cavernous sinus to orbit. Associated strabismus progressed for 3-17 years. Abducens schwannoma 

caused esotropia; trochlear schwannoma caused hypertropia and cyclotropia. Intracranial 

oculomotor schwannoma caused mydriasis and exotropia. Intraorbital schwannoma caused 

exotropia with or without hypertropia. Since lesion diameters were 3–9 mm, 6 had been previously 

missed on routine MRI.

Conclusions—Progressive, acquired strabismus may be caused by isolated cranial nerve 

schwannomas, representing about 1% of strabismus cases in this study, involving the oculomotor 

more than abducens nerve. Because most schwannomas are small and deep in the orbit, findings 

could be readily missed by routine imaging, leading to a possible diagnosis of idiopathic 

strabismus. Schwannomas should be suspected when extraocular muscles are atrophic, but the 

causative lesions themselves are identifiable only using targeted, high resolution MRI.

Correspondence: Joseph L. Demer, MD, PhD, Stein Eye Institute, University of California, Los Angeles, 100 Stein Plaza, Los 
Angeles, CA, 90095-7002 (jld@jsei.ucla.edu). 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

FDA disclosure: Investigational surface coils were used in MRI imaging.

Presented at the 42nd Annual Meeting of the American Association for Pediatric Ophthalmology and Strabismus, Vancouver, British 
Columbia, April 6-10, 2016.

HHS Public Access
Author manuscript
J AAPOS. Author manuscript; available in PMC 2017 August 01.

Published in final edited form as:
J AAPOS. 2016 August ; 20(4): 343–347. doi:10.1016/j.jaapos.2016.05.015.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Progressive acquired strabismus frequently presents a diagnostic dilemma for clinicians. 

Etiologies such as myasthenia gravis, thyroid orbitopathy, and ischemic cranial neuropathy 

may be readily diagnosed on clinical grounds by physical examination and specific 

laboratory tests.1-3 Other cases of progressive acquired strabismus are often simply 

categorized as “idiopathic” without efforts for identification of etiology. Improvements in 

imaging techniques have made it possible for clinicians to diagnose underlying causes in 

these “idiopathic” cases.4 Isolated schwannomas of cranial motor nerves are among these 

underdiagnosed cases.5 These well-defined, slowly progressive tumors, that originate from 

Schwann cells of peripheral nerves, derange ocular motility in several ways. Typically the 

clinical course of schwannomas is that of progressive cranial nerve dysfunction or relative 

stability.6 However, the clinical picture is seldom as clear as with complete cranial nerve 

palsy. Partial cranial nerve palsies create atypical strabismus presentations that can be easily 

misdiagnoed. This study employed targeted high-resolution magnetic resonance imaging 

(MRI) to provide insight into the imaging and clinical properties in cases of progressive 

acquired strabismus caused by schwannomas.

Subjects and Methods

This is retrospective analysis of data collected in an ongoing, prospective study of 

strabismus that has been conducted continuously since 1990 at the Jules Stein (now the 

Stein) Eye Institute, UCLA. At time of analysis in late 2015, a total of 647 patients had 

undergone high-resolution orbital MRI for strabismus. Among these were 36 cases of 

oculomotor nerve palsy, 95 cases of trochlear nerve palsy, and 32 cases of abducens nerve 

palsy. A nonconsecutive subset of these patients who had progressive, acquired cranial 

neuropathy suspicious for cranial nerve involvement also underwent MRI of the intracranial 

space. Schwannoma was diagnosed by clinical course and typical radiological properties. 

Written informed consent was obtained prospectively according to a protocol approved by 

the UCLA Human Subject Protection Committee, later renamed the UCLA Medical I 

Review Board for the Protection of Human Subjects, from patients who were recruited from 

referral strabismus practices. Complete ophthalmologic examination and ocular motility 

evaluation, including prism cover testing, photography, and Hess screen testing, was 

performed for appropriate patients.

A 1.5 T General Electric Signa scanner (Milwaukee, WI) was used in orbital imaging, as 

previously described.7 Imaging was performed using an array of surface coils embedded in a 

transparent facemask (Medical Advances, Milwaukee, WI) for improved resolution and 

another array of individually illuminated fixation targets to avoid eye motion artifacts. The 

standard head coil was used for imaging at and posterior to the orbital apex in some subjects 

at 1.5 or 3 T. When surface coils were used, quasicoronal images perpendicular to the long 

axis of orbit and quasisagittal images parallel to the long axis of the orbit were obtained at 2 

mm thickness in a matrix of 256 × 256 over a field view of 6–8 cm for a resolution in plane 

of 234–312 μm, respectively. Brainstem imaging was performed in 0.8 mm thickness planes 

using the heavily T2-weighted FIESTA sequence to obtain contrast of cranial nerves against 

the subarachnoid cerebrospinal fluid. Resolution in the brainstem region was 195 μm in a 

512 × 512 matrix over a 10 cm field of view with 10 excitations.
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Results

A total of 8 cases (3 of which were previously presented in brief reports7,8) were identified 

that represent a spectrum of clinical forms of isolated cranial nerve schwannomas. Their 

clinical and imaging properties are summarized in Table 1. Clinical summaries are provided 

for informative cases not previously described.

Oculomotor Schwannomas

The oculomotor nerve was involved in 5 cases. One case had bilateral neuromas extending 

from the cavernous sinus to the orbit. One case was located in the subarachnoid space, and 3 

cases were located entirely in the deep orbit. All cases had unilateral schwannomas except 

the patient who had bilateral schwannomas (case 4) extending from the cavernous sinus to 

the orbit.

Intra-orbital Oculomotor Schwannomas

Case 1, with intraorbital neuroma of the medial rectus motor nerve, was a 60-year-old man 

who had a 10-year history of occasional horizontal, binocular diplopia with progressive right 

medial rectus paresis. He had 50Δ right exotropia at distance and 35Δ at near, with limited 

adduction and slow adduction saccades of the right eye. Cranial nerves and ocular motility 

were otherwise normal. Orbital MRI disclosed medial rectus muscle atrophy (Figure 1) and 

a 2.9 × 3.9 mm contrast-enhancing tumor in the motor nerve to the medial rectus, deep in the 

orbit and close to the muscle (Figure 2).

In case 2, a 21-year-old woman complaining of diplopia, the schwannoma was located deep 

in the orbit. She had noticed slowly progressive right exotropia since giving birth 3 years 

previously. Routine brain MRI was interpreted as normal. Cranial nerves were clinically 

normal except that the right eye could not adduct more than about 20° to the right of 

midline, with profound slowing of the adduction saccade. Right exotropia exceeded 100Δ, 

with 30Δ right hypertropia. Ophthalmoscopy using a quantitative technique for fundus 

torsion demonstrated 30° right fundus excycloposition and 25° left excycloposition.9 

Routine MRI revealed no lesion along the subarachnoid oculomotor nerve, no evidence of 

infarction in the midbrain, or any lesion in apical orbital portion of inferior division of the 

oculomotor nerve. High-resolution surface coil MRI of the orbits demonstrated profound 

atrophy of the deep portion of the right medial rectus muscle (Figure 3) and a small 

enhancing lesion (3.3 × 2.8 mm) in the path of the intraorbital motor nerve to the right 

medial rectus muscle (Figure 4) compatible with schwannoma. The medial rectus muscle 

atrophy corresponded to the location of the schwannoma (Figure 3). All other extraocular 

muscles exhibited normal size, and all extraocular muscles had normal paths.

Clinical details of case 3 have been published previously.7

Subarachnoid Oculomotor Schwannomas

Case 4 was a 60-year-old man complaining of binocular oblique diplopia that was 

progressively worsening for 17 years. He had right exotropia and hypertropia, and bilateral 

subarachnoid oculomotor nerve schwannomas. In the coronal plane the schwannomas 
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measured 7.5 × 10 mm on the right and 2.6 × 7.7 mm on the left, extending from cavernous 

sinus to each orbit with bright signals in T2 images (Figure 5). Atrophy of muscles 

innervated by the involved oculomotor nerves was pronounced, but muscles innervated by 

other cranial nerves were normal. These large bilateral tumors were easily diagnosed in 

initial routine imaging in a patient presenting with obvious clinical signs of oculomotor 

nerve involvement and progressive clinical course with striking atrophy of involved muscles.

Case 5 was a 55-year-old woman who experienced oblique and tilted binocular diplopia for 

5 years. She exhibited left mydriasis, 45Δ distance exotropia increasing in dextroversion, left 

hypertropia in supraversion, and right hypertropia in infraversion with 5° right incyclotropia 

as measured by quantitative ophthalmoscopy. High-resolution orbital MRI demonstrated 

reduction in size of the intraorbital motor branches of the right oculomotor nerve, with 

atrophy of the associated extraocular muscles. Thin section axial oblique MRI of the skull 

base disclosed a contrast-enhancing tumor of the right interpeduncular oculomotor nerve 

approximately 5 mm in diameter at the crossing point of the postcommunicating artery, as 

previously published.7 An magnetic resonance angiogram showed no abnormal vascularity.

Abducens Schwannomas

Two abducens schwannomas (cases 6 and 7) were located in the subarachnoid space. Both 

cases had abducens paresis and esotropia with progressive clinical course without 

involvement of other cranial nerves. A relatively large tumor, measuring 6 × 12 mm in case 

7 was easily diagnosed (Figure 6). Case 7 exhibited atrophy of the left lateral rectus muscle. 

Case 6, with a schwannoma measuring 5 mm in diameter, had compartmental abducens 

nerve palsy, as previously described,8 showing atrophy of the superior half of the lateral 

rectus muscle with sparing of the inferior half due to preserved inferior compartmental 

innervation.

Trochlear Schwannoma

Case 8 was a 55-year-old man with a 5-year history of progressively worsening vertical 

torsional binocular diplopia, without associated history of trauma or neurological disease. 

He adopted a compensatory right head tilt. Multipositional surface coil MRI of the orbits 

showed intact lateral rectus–superior rectus band ligaments in both eyes but anisotropic 

atrophy of the left superior oblique (Figure 7), with marked attenuation of contractility in 

infraduction. Anisotropic atrophy of the superior oblique muscle, typified by elongated 

superior oblique cross section, was due to greater atrophy in one compartment than the 

other.10 No other orbital abnormalities were apparent. Brain MRI at 3T with and without 

contrast revealed a 5 mm enhancing nodule in the left ambient cistern (Figure 8) lying along 

the expected course of the left trochlear nerve. No acute intracranial mass effect, 

hemorrhage, hydrocephalus, or midline shift was observed.

Discussion

The important common findings in all patients with schwannomas involving the extraocular 

muscles were progressive clinical course, atrophy of involved muscles, highly selective 

involvement of cranial nerves, and nodular or fusiform hyperintense neural lesions in on T2 
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- weighted and contrast-enhanced T1-weighted MRI. The clinical features of these patients 

vary according to the nerve involved as well as size and location of the tumor such that 

schwannoma as underlying etiology is nonobvious. As evident in this series, involvement of 

the intraorbital branches of the oculomotor nerve may present with progressive exotropia 

that can easily be mistaken for decompensation of nonparalytic intermittent exotropia.

Lesions involving the more proximal oculomotor nerve, on the other hand, presented 

variable pictures according to the involved motor branches. Ptosis and pupil abnormalities 

were present, with subarachnoid and cavernous oculomotor nerve lesions. Intraorbital 

oculomotor schwannomas mostly involved the medial rectus muscle motor \. All of these 

lesions were missed on routine imaging. There may be several causes for this diagnostic 

failure. First, only progressive exotropia with isolated medial rectus paresis and without 

involvement of other muscles innervated by the oculomotor nerve may not seem suggestive 

of a neuroma. Second, the small lesion located deep in the orbit is almost impossible to 

detect by routine MRI with a head coil. Third, the rarity of these neuromas may be a factor.

Schwannomas are usually presumptively diagnosed by MRI findings because their 

appearance on these images is considered pathognomonic and because tumor resection for 

histopathological confirmation is seldom clinically necessitated by mass effect but is certain 

to sacrifice any residual function of the involved cranial nerve. In all our patients atrophy of 

muscles in orbital MRI innervated by the motor nerve branch was an important clue to the 

presence of these lesions. If this clue is recognized, careful high-resolution MRI can reveal 

these lesions. Compartmental atrophy of the lateral rectus muscle in coronal images may 

suggest abducens schwannoma.8,11,12

Although various presentations have been described,13 the classical appearance of orbital 

schwannoma on MRI is usually described as a lesion with low signal on T1-weighted 

images and a high signal on T2-weighted images that can be homogeneously or 

heterogeneously enhanced by intravenous contrast. All cases in the current series were 

nodular or fusiform hyperintense lesions in T2 and contrast T1 images.

Many lesions presenting as round or ovoid masses in the orbit should be differentiated from 

schwannoma. These include cavernous hemangioma, pleomorphic adenoma of the lacrimal 

gland, dermoid cyst, and solitary fibrous tumor of the orbit (a spindle cell neoplasm arising 

from mesenchymal structures). MRI can readily distinguish some of these tumors on the 

basis of characteristic findings.14-16 Cavernous hemangioma, for example, is characterized 

by “progressive enhancement over time,”16 whereas pleomorphic adenoma is generally 

centered in the lacrimal gland and is well-circumscribed and T2 hyperintense.17 A dermoid 

cyst characteristically has T1 hyperintensity and lacks of enhancement on MRI. On the other 

hand, precontrast MRI findings and an enhancement pattern of solitary fibrous tumor in the 

orbit may resemble those of schwannoma.18

The degree of enhancement on T2-weighted imaging in orbital solitary fibrous tumor is 

marked and uniform, whereas in schwannoma the areas generally show no enhancement.19 

This different enhancement pattern in areas of very high signal intensity in the tumors might 

be helpful in the differential diagnosis, as is their highly specific localization along cranial 
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nerves. Moreover, schwannomas typically produce extraocular muscle dysfunction when 

much smaller than other lesions that may be considered in the differential diagnosis. The 

clinical picture and routine imaging may be misleading in strabismus cases due to 

schwannomas that are therefore considered idiopathic.

Lack of a definite diagnosis can lead to considerable anxiety for patients and repeated 

rounds of costly evaluation for other causes of strabismus, such as myasthenia gravis, 

paraneoplastic syndromes, and demyelination. In progressive cases with cranial nerve 

involvement, diagnosis can be revealed only with careful evaluation of targeted, high-

resolution MRI.
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FIG 1. 
Axial T2-weighted surface coil MRI disclosing right medial rectus muscle (MR) atrophy in 

case 1.
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FIG 2. 
T2 surface coil MRI in case 1 demonstrating tumor in the motor nerve to the medial rectus 

muscle (MR) measuring 2.9 × 3.9 mm. IR, inferior rectus muscle; LR, lateral rectus muscle; 

ON, optic nerve; SO, superior oblique muscle; SOV, superior ophthalmic vein; SR, superior 

rectus muscle.
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FIG 3. 
High-resolution surface coil MRI of the orbits of case 2 with right medial rectus motor nerve 

schwannoma demonstrating profound atrophy of the deep portion of the right medial rectus 

muscle (MR).
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FIG 4. 
Contrast-enhanced coronal T1-weighted surface coil MRI of right orbit of case 2 

demonstrating a 3.3×2.8 mm enhancing lesion in the path of the motor nerve to the medial 

rectus muscle compatible with schwannoma. IR, inferior rectus muscle; LR, lateral rectus 

muscle; MR, medial rectus muscle; ON, optic nerve; SOV, superior ophthalmic vein; SR, 

superior rectus muscle.
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FIG 5. 
Axial T2 weighted MRI of brain of case 4 demonstrating subarachnoid and cavernous sinus 

schwannomas measuring 7.5×10.0 mm on the right and 2.6×7.7 mm on the left extending 

into each orbit. Note the bright T2 signals in the tumors.
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FIG 6. 
Gadolinium enhanced, axial T1 MRI demonstrating a large, enhancing neuroma of Case 7 

located in left cavernous sinus and subarachnoid space.

Yulek and Demer Page 13

J AAPOS. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG 7. 
Surface coil MRI demonstrating anisotropic atrophy of the left superior oblique muscle (SO) 

in Case 8. IR, inferior rectus muscle; LR, lateral rectus muscle; MR, medial rectus muscle; 

ON, optic nerve; SR, superior rectus muscle. The atrophy thins the minor axis of the SO 

without altering the dimension of the major axis.
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FIG 8. 
Contrast T1 MRI demonstrating 5 mm enhancing nodule on the subarachnoid trochlear 

nerve in the left ambient cistern of case 8.
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Table 1

Clinical and imaging findings in patients with schwannoma

Case Age,
years

Sex Cranial nerve
involved

Symptom
duration,

years

Initial
negative
imaging

Tumor location Tumor size,
mm

Shape

1 60 M Medial rectus
motor nerve

10 Yes Deep orbit 2.9 × 3.9 Nodular

2 21 F Medial rectus
motor nerve

1 Yes Deep orbit 3.3 × 2.8 Nodular

3 6 F Medial rectus
motor nerve

2 Yes Deep orbit 4.7 × 7.7 Nodular

4 60 M Oculomotor 20 No Intracavernous and
intraorbital

7.7 × 10
and
2.6 × 7.7

Fusiform

5 55 F Oculomotor 5 Yes Subarachnoid at posterior
communicating artery

5 × 5 Nodular

6 60 M Abducens 6 Yes Subarachnoid 5 × 5 Nodular

7 45 M Abducens 2 No Subarachnoid and
intracavernous

6 × 12 fusiform

8 50 M Trochlear 5 Yes Subarachnoid ambient
cistern

5 × 5 Nodular
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