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Abstract

Schwannomas of the trochlear nerve are relatively rare, and most patients present with preoper-
ative diplopia because of trochlear nerve palsy. We describe the case of a 61-year-old male patient 
with a trochlear nerve schwannoma and no pre- and postoperative diplopia, despite his troch-
lear nerve being cut during the operation. We aimed to investigate the frequency of postoperative 
diplopia associated with intraoperative trochlear nerve disturbance by reviewing previous case 
reports, wherein postoperative diplopia did not occur after the trochlear nerve was cut intraop-
eratively. We recorded the frequency of diplopia because of intraoperative trochlear nerve distur-
bance, such as the trochlear nerve being cut, in cases without pre- and postoperative diplopia. 
We searched the PubMed, Medline, and Google Scholar databases for works published from 1976 
to 2020 and followed the preferred reporting items for systematic reviews and meta-analyses 
guidelines. We reviewed 36 publications and found 92 cases of trochlear nerve schwannoma. 
Surgical resection was performed for 43 patients, of whom 40 were kept under observation and 
9 were treated with radiation therapy. Of the 43 cases, 9 without preoperative diplopia under-
went gross total resection. We analyzed ten cases (including ours) without preoperative diplopia 
to check for postoperative diplopia. In total, four cases, including ours, did not display postoper-
ative diplopia despite the trochlear nerve being cut. This may be attributed to the preoperatively 
acquired motor and sensory fusion in the patient’s vision because of tumor progression. Our 
findings may benefit neurosurgeons who treat patients with schwannomas and help them predict 
patients’ outcomes.
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Introduction

The trochlear nerve is a pure motor nerve that 
controls the movement of the superior oblique 
muscle, which rotates the eyeballs toward the 
inner-downward position; thus, any kind of distur-
bance to the trochlear nerve leads to diplopia, 
whereby the eyes are made to look inward and 
downward. Intracranial schwannomas typically 

originate from sensory nerves; schwannomas orig-
inating from the trochlear nerve are rare. As the 
first case report by King was published in 1976, 
limited cases of trochlear schwannoma have been 
reported,1) with only 91 cases being published 
between 1976 and 2020.1–36)

Though there are several treatment options for 
trochlear nerve schwannoma, such as surgery, obser-
vation, and radiation, many symptomatic patients 
require aggressive interventions, such as surgical 
resection and/or radiation therapy. As many patients 
with schwannoma display preoperative diplopia, 
their vision is not affected when the trochlear nerve 
is cut during complete resection; however, for this 
reason, previous reports could not establish the 
frequency of postoperative diplopia.
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We describe the case of a patient with a trochlear 
nerve schwannoma and no pre- and postoperative 
diplopia, despite that his trochlear nerve was cut 
intraoperatively. We considered this to be a novel 
case, although it was similar to surgeries for other 
pathologies; for example, neurosurgeons treating 
patients with petroclival meningioma who do not 
exhibit postoperative trochlear nerve palsy, despite 
having their nerve intraoperatively cut along the 
cerebellar tentorium edge.

To date, the frequency of postoperative diplopia 
because of intraoperative trochlear nerve disturbance 
has not been established. To bridge this knowledge 
gap, we aimed to investigate the frequency of post-
operative diplopia associated with intraoperative 
trochlear nerve disturbance by reviewing our case 
report and previous case reports wherein 
postoperative diplopia did not occur after the troch-
lear nerve was cut intraoperatively.

Materials and Methods

Systematic review
For the systematic review, we searched PubMed, 

Medline, and Google Scholar databases for works 
published from 1976 to 2020, using the keywords 
“schwannoma,” “trochlear nerve,” “diplopia,” and 
“surgery” both alone and in various combinations, 
as per the preferred reporting items for systematic 
reviews and meta-analyses criteria. We screened the 
abstracts of the selected studies and decided to 
review those that stated their inclusion criteria in 
English and included imaging and follow-up/outcome 
data. From 36 publications, we identified 91 cases 
of schwannoma. Formal approval from a review 
board was not required for this type of study.

Case report
A 61-year-old man presented at our department 

with no significant medical history, normal labora-
tory results, and no suspicious findings of neurofi-
bromatosis. The patient was treated for hydrocephaly 
at the neighborhood hospital and was referred to 
our hospital because his symptoms exacerbated 
owing to tumor progression. He presented with left 
hemiparesis (poor-to-fair grade of muscle movement), 
palsy of the right abducens nerve, and bilateral 
trigeminal neuralgia but did not show any signs of 
trochlear nerve palsy. Brain MRI findings revealed 
a well-demarcated extra-axial mass (Fig. 1) on the 
right lateral side of the midbrain. We resected the 
mass using a subtemporal transtentorial approach.

Intraoperatively, we found that the posterior 
portion of the trochlear nerve had fanned out and 
ran into a yellowish tumor, while the anterior 

portion of the nerve ran along the tentorium ridge 
and entered the tentorium cerebelli (Fig. 2). We cut 
the trochlear nerve at the anterior side of the tumor 
and resected it, intentionally allowing a part of the 
nerve and tumor to adhere to the brainstem to avoid 
causing brain injury. After the operation, all symp-
toms improved, including diplopia with abducens 
nerve palsy and ocular motility disorder associated 
with trochlear nerve palsy without diplopia. Our 
final postoperative pathological diagnosis was a 
schwannoma arising from the trochlear nerve.

Results

Including our case, we identified a total of 92 cases 
of trochlear nerve schwannoma in this retrospective 
review. Preoperatively, 28 (30%) and 19 (20%) 
patients had diplopia and headaches, respectively. 
In total, 43 (47%), 40 (43%), and 9 (10%) patients 
were treated with surgical resection, underwent 
only observation, and received radiation therapy, 
respectively. Among the 43 cases of surgical resec-
tion, 13 patients had no preoperative diplopia and 
were treated with total or subtotal tumor  resection.2,3,31) 
However, since subtotal resection cannot confirm 
whether the trochlear nerve was cut intraoperatively, 
we excluded the three cases of subtotal resection 
from this study. Finally, we included 10 patients 
(Table 1), including our patient whose trochlear 
nerve was certainly cut during the operation, who 
presented without preoperative diplopia, and were 
asymptomatic postoperatively despite denervation 
of their trochlear nerve. Therefore, out of 10 patients 
with surgical resection, 4 patients did not show 
postoperative diplopia despite that their trochlear 
nerve was cut intraoperatively (Fig. 3).

Discussion

As in our reported case, we aimed to discuss cases 
of trochlear nerve denervation during resection, but 
we found this was not possible in cases of subtotal 
resection because it was difficult to identify whether 
the trochlear nerve was cut intraoperatively. There-
fore, we reviewed only cases where it was confirmed 
that the trochlear nerve was cut during surgery.

Patients without preoperative diplopia did not 
develop postoperative diplopia, despite the fact that 
their trochlear nerve had been cut intraoperatively, 
because they achieved fusion of visual function 
during tumor progression. Fusion is the ability to 
project correct images onto the retina and includes 
two types—motor and sensory fusion.37) Motor fusion 
refers to the ability to correct the eye position to 
form an image at the corresponding point, whereas 
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sensory fusion corresponds to the ability to construct 
two separate images in each eye and interpret them 
together as a single image.38) In superior oblique 
palsy, sensory fusion has a greater impact than 
motor fusion, although they both have important 
roles.39)

Additionally, fusion is an important component 
of visual function; it helps maintain vision in the 
horizontal, vertical, and rotational directions (rota-
tional direction maintains binocular vision).38) 
Superior oblique palsy is typically characterized by 
cyclovertical deviation. It is common among patients 
with an anomalous head position and is related to 
diplopia associated with cyclodeviation,40) but the 
area of rotatory fusion, which is well-developed in 
adults,41–45) is wider than that of vertical fusion.46) 
Patients who acquire superior oblique muscle palsy 

correct their excyclotropia by expanding the area 
of fusion to create incycloduction40); as they are not 
aware of their diplopia owing to sensory adaptation 
and suppression,45) they can achieve binocular single 
vision beyond the fusion area. Therefore, the reason 
that the patients did not experience postoperative 
diplopia despite their trochlear nerve being cut 
during surgery was attributed to the fact that motor 
fusion corrected their eye movement, sensory fusion, 
and suppression of the actual diplopia during tumor 
progression.

In cases of petroclival meningioma, some patients 
do not experience postoperative diplopia regardless 
of their trochlear nerve being cut during the tran-
spetrosal surgical approach, consistent with the 
findings observed in our patient, perhaps because 
meningiomas and schwannomas are slow-growing 

Fig. 1 Preoperative T1-weighted contrast MRI. MRI findings showing a mass measuring 25 × 22 × 25 mm at the 
right lateral of the midbrain with a heterogeneously enhanced and partially included cystic change are presented 
(A and B). Postoperative T1-weighted contrast MRI showing a residual tumor adherent to the brainstem (C and D). 
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tumors. Therefore, the patients remained unaware 
of their diplopia because vision fusion occurred 
preoperatively. Previous studies have similarly 
reported that sensory adaptation for cyclodeviation 
was greatly related to the onset age and visual 
environment and that sensory adaptation for cyclode-
viation occurred regardless of the length of objective 
deviation.47) Alternatively, the function of the supe-
rior oblique muscle and trochlear nerve may be 
compensated by the extraocular muscles. Although 
in cases of congenital superior oblique palsy, the 
vertical rectus muscles compensate the action of 
superior oblique palsy,48) but there is limited evidence 
to support this theory.

Limitations

Our study was limited by its retrospective nature 
and the small number of cases of trochlear nerve 
schwannoma. None of the authors reporting cases 
of subtotal resection specified whether the trochlear 

Fig. 2 Intraoperative photograph. An image showing 
the course of the trochlear nerve (black arrow) along 
the edge of and into the cerebellar tentorium is presented. 
This nerve spreads like a fan and transforms into the 
schwannoma. 

Fig. 3 Tree diagram showing our patient selection from all the trochlear nerve schwannoma cases. STR: subtotal 
resection. 
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nerve was cut; thus, we had to exclude these cases 
from our study, further reducing the sample size. 
Though this study concluded that vision fusion 
prevented postoperative diplopia, we could not 
confirm that vision fusion truly occurred as the 
tumors grew within the patients.

Conclusion

We found that 4 out of 10 patients with trochlear 
nerve schwannoma without preoperative diplopia 
did not experience postoperative diplopia, although 
their trochlear nerve was certainly cut intraopera-
tively. Our findings may benefit ophthalmologists 
and neurologists who routinely treat patients with 
schwannomas and help them predict their patients’ 
outcomes.
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