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A B S T R A C T

Aims: This study aimed to describe the etiologies of acquired onset of diplopia due to isolated third, fourth, and
sixth cranial nerve palsies in young adults in Korea.
Methods: This retrospective study included 127 patients aged 20 to 50 years with acquired onset isolated third,
fourth, and sixth cranial nerve palsies who received care at the Strabismus and Neuro-ophthalmology
Department of Samsung Medical Center from 2013 to 2017. The etiologies of the palsies determined by clinical
assessment, high-resolution magnetic resonance imaging (MRI) with three-dimensional constructive interference
in steady state, and laboratory testing were analyzed.
Results: Fifty-nine patients manifested sixth cranial nerve palsy. Forty-six patients had fourth cranial nerve palsy
and 22 patients had third cranial nerve palsy. The most common etiologies of the ocular motor nerve palsies
were presumed inflammatory lesions (21.3%), followed by presumed microvascular causes (17.3%), and neo-
plasms involving the central nervous system (15.7%). Neoplasms were the most common cause of sixth cranial
nerve palsy (25.4%). The most common cause of fourth cranial nerve palsy was presumed microvascular
ischemia (28.3%), and presumed inflammatory lesions was the most common cause of third cranial nerve palsy
(36.4%). Other non-traumatic causes included vascular lesions, ischemic brainstem stroke, intracranial he-
morrhage, non-aneurysmal neuro-vascular contact, multiple sclerosis, and infection.
Conclusion: A substantial proportion of young adult patients with ocular motor nerve palsies manifested
pathologies other than presumed microvascular ischemia or idiopathic causes. Neuroimaging and laboratory
tests have important roles in the evaluation of patients aged 20–50 years with acquired ocular motor nerve
palsies.

1. Introduction

Neurologically isolated ocular motor (third, fourth, and sixth) nerve
palsies are common entities observed in neuro-ophthalmology prac-
tices. However, ocular motor nerve palsies in young adults below
50 years of age are uncommon. Two retrospective studies have ad-
dressed the causes of sixth nerve palsy in patients younger than 50 years
old. One was reported in 1984 [1] and another was reported in 2002
[2]. Both studies reported that acquired sixth nerve palsy was the initial
manifestation of a serious condition, such as a brain tumor, in a sub-
stantial proportion of the patients. The prevalence of neoplasms was
16% [1] or 33% [2]. The former study was carried out before the use of
neuroimaging techniques, which allow each cranial nerve to be viewed

[1]. The latter study included substantial numbers of non-isolated
cranial nerve palsies accompanied by concomitant neurologic signs and
symptoms [2]. For example, among 15 patients with mass lesions as-
sociated with the central nervous system in their study, only three ex-
hibited isolated nerve palsy. The possible causes of cranial nerve palsies
might vary between patients with isolated and non-isolated cranial
nerve palsy. Regarding third and fourth nerve palsies, few studies have
reported the prevalence of different causes in young adults.

Thus, in this study, the authors investigated the etiologies of ac-
quired onset of diplopia due to ocular motor nerve palsies using clinical
assessments, high-resolution MRI, and laboratory testing in young
Korean adults aged 50 years or less.
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2. Methods

A retrospective review was performed on patients aged 20 to
50 years with acquired onset isolated third, fourth, and sixth cranial
nerve palsies who received care at the Strabismus and Neuro-ophthal-
mology Department of Samsung Medical Center from March 2013 to
August 2017. The Institutional Review Board of Samsung Medical
Center approved the study and waived informed consent. The study was
conducted according to the tenets of the Declaration of Helsinki. The
study included patients 20 to 50 years old who presented with acquired
onset of diplopia due to isolated third, fourth, or sixth cranial nerve
palsy. Patients with restrictive strabismus, previous extraocular muscle
surgery, or other previous neurological disorders that might affect
ocular alignment were excluded from the study. Patients with bilateral
nerve palsy, combined palsies involving two or more ocular motor
nerves, or papilledema were also excluded.

The methods of clinical assessment, blood work, chest radiography,
and the MRI protocols used in this study were described in detail in the
authors' previous studies [3,4]. Different MRI protocols were used for
the children in the former study [3] and the adults in the current study.

In this study, high-resolution pre- and post-cranial nerve MRI was
performed with three-dimensional sequences (3D). The MRIs were
performed for all patients using a 3-T system (Magnetom Skyra;
Siemens Healthineers, Erlangen, Germany) with a 32-channel phased-
array head coil. Two-dimensional axial turbo spin-echo T2-weighted
imaging was performed to visualize the entire brain with the following
parameters: repetition time, 4620 ms; echo time, 97 ms; field of view,
240 × 188 mm; matrix, 512 × 410; and section thickness, 5 mm.
Proton density (PD)-weighted images were obtained using 3D sampling
perfection with application-optimized contrasts and different flip angle
evolution (SPACE) sequences to visualize the cisternal segment of the
cranial nerves. The slab thickness (6.4 cm) of the 3D-SPACE sequence
was measured from the anterior commissure to the cervico-medullary
junction. The detailed parameters of the 3D-SPACE sequence were as
follows: repetition time, 1000 ms; echo time, 32 ms; flip angle, 120°;
field of view 170 × 170 mm; matrix, 320 × 320; section thickness,
0.5 mm; and acquisition time, 6 min and 57 s. An additional 3D con-
structive interference steady state (3D-CISS) sequence was performed to
visualize the cisternal segment of the fourth cranial nerve with the
following parameters: repetition time, 8.30 ms; echo time, 3.62 ms; flip
angle, 50°; field of view, 150 × 150 mm; matrix, 512 × 512; section
thickness, 0.25 mm; and acquisition time, 7 min and 56 s. The slab
thickness (1.5 cm) of the 3D-CISS sequence was measured from the
lower midbrain to the upper pons, including the inferior margin of the
inferior colliculus. Following an intravenous injection of 0.1 mmol/kg
gadobutrol (Gadovist; Bayer Pharma AG, Leverkusen, Germany), 3D
magnetization-prepared rapid acquisition with gradient-echo
(MPRAGE) sequence with fat saturation was obtained to visualize the
nerve surrounded by a venous plexus using the following parameters:
repetition time, 1900 ms; echo time, 3.19 ms; flip angle, 10°; field of
view, 170 × 170 mm; matrix, 256 × 256; section thickness, 0.5 mm;
and acquisition time, 5 min and 50 s. The slab thickness (8 cm) of the
3D-MPRAGE sequence was measured from the body of the lateral
ventricle to the cervico-medullary junction. The axial source images of
the 3D-SPACE, 3D-CISS, and 3D-MPRAGE sequences were mainly used
to evaluate the cranial nerves. The reconstructed coronal images of 3D
sequences were used simultaneously.

Presumed microvascular ischemia was assigned as the cause of
ocular motor nerve palsy in patients for whom the MRI scan and la-
boratory testing did not reveal an alternative cause, other neurological
signs remained absent, and the ocular motor nerve palsy resolved
spontaneously [5]. Presumed inflammation was assigned as the cause of
ocular motor nerve palsy in patients for whom the MRI scan showed
enhancing lesions involving the corresponding ocular motor nerves or
definite enhancement confined to the cranial nerves with or without
related pain, and the MRI scan and laboratory testing did not reveal

alternative causes such as tumorous conditions, infarctions, or vascular
abnormalities. Tolosa-Hunt syndrome was defined by the criteria from
the present International Classification of Headache Disorders (ICHD)-3
beta [6]. The detailed definition of presumed inflammation confined to
the cranial nerves was described in a previous report [4].

3. Results

This study included 127 patients with a mean age of 38 ± 9 years
(range, 20–50 years). Eighty-four (66%) patients were males and 43
(34%) were females. All patients, except one African American and one
European American, were Asians. The patients had 57 right-sided pal-
sies and 70 left-sided palsies. This study included 59 patients with sixth
cranial nerve palsy, 46 patients with fourth cranial nerve palsy, and 22
patients with third cranial nerve palsy (13 were partial and nine were
complete). Forty-one (32%) patients had symptoms of headaches or
ocular pain at their initial presentation.

The most common causes of third, fourth, and sixth cranial nerve
palsies were presumed inflammations (21.3%), followed by presumed
microvascular causes (17.3%) and neoplasms involving the central
nervous system (15.7%). Among the 27 patients with presumed in-
flammations causing ocular motor nerve palsy, the clinical and radi-
ologic features of 11 patients met the diagnostic criteria of Tolosa-Hunt
syndrome from ICHD-3 beta [6]. In six other patients, the MRIs re-
vealed enhancing lesions involving the nerve without corresponding
pain. The clinical and radiologic findings in these patients resolved after
steroid treatment. In the remaining 10 patients, the MRIs showed en-
hancement confined to the third or sixth cranial nerves without any
other brain or orbital lesions.

Table 1 presents the number of patients in each etiologic category of
acquired isolated 3rd, 4th, and 6th cranial nerve palsies.

Table 1
Characteristics and underlying etiologies of patients with isolated third, fourth,
and sixth cranial nerve palsies.

Isolated third, fourth, and sixth cranial nerve palsies

Sixth
(n= 59)

Fourth
(n= 46)

Third
(n= 22)

Total
(n= 127)

Age (mean ± SD) (years) 37 ± 9 39 ± 8 38 ± 9 38 ± 9
Gender (male/female) 32/27 27/19 17/5 76/51

Underlying etiologies
Presumed inflammatory 12

(20.3%)
7 (15.2%) 8 (36.4%) 27 (21.3%)

Presumed microvascular 8 (13.6%) 13
(28.3%)

1 (4.5%) 22 (17.3%)

Neoplastic 15
(25.4%)

2 (4.3%) 3 (13.6%) 20 (15.7%)

Meningioma 7 0 1 8
Other primary 8 2 2 12
Idiopathic 9 (15.3%) 8 (17.4%) 1 (4.5%) 18 (14.2%)
Traumatic 4 (6.8%) 9 (19.6%) 3 (13.6%) 16 (12.6%)
Vascular lesion 6 (10.2%) 2 (4.3%) 2 (9.1%) 10 (7.9%)
Ischemic brain stem stroke 1 (2.2%) 1 (0.8%)
Intracranial hemorrhage 1 (1.7%) 1 (0.8%)
Non-aneurysmal vascular

contact
1 (4.5%) 1 (0.8%)

Multiple sclerosis 3 (5.1%) 3 (2.4%)
Congenitala 3 (6.5%) 3 (2.4%)
Viral infection 1 (4.5%) 1 (0.8%)
Others 1 (1.7%) 1 (2.2%) 2 (9.1%) 4 (3.1%)

SD: standard deviation.
The proportions of most common causes of third, fourth, and sixth cranial nerve
palsies are marked in bold.

a These patients had acquired onset diplopia caused by fourth cranial nerve
palsy. However, the etiology was concluded to be congenital based on the ab-
sence or atrophy of the fourth nerve with or without atrophy of the superior
oblique muscle in the paretic eye.
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3.1. Sixth cranial nerve palsy

Among the 59 subjects with sixth cranial nerve palsy, neuroimaging
and other studies identified neoplasms involving the central nervous
system in 15 (25.4%) patients; presumed inflammation in 12 (20.3%)
patients; presumed microvascular causes in eight (13.6%) patients;
vascular lesions, such as varix, aneurysm, venous anomaly, and
moyamoya disease in six (10.2%) patients; and multiple sclerosis in
three (5.1%) patients. In nine (15.3%) patients, the cause was in-
determinate and the etiology was classified as idiopathic.

Among the 15 patients with primary brain tumors, seven had me-
ningiomas involving the cavernous sinuses (Fig. 1). Brain tumors in the
other patients included gliomas, benign and malignant peripheral nerve
sheath tumors, meningoendothelioma, and ruptured dermoid cyst.

Among the 12 patients with presumed inflammations, the clinical
and radiologic features in five patients met the diagnostic criteria of
Tolosa-Hunt syndrome according to the ICHD-3 beta [6]. The MRIs
revealed enhancing lesions involving the nerve in two patients without
corresponding pain. The clinical and radiologic findings in these pa-
tients resolved after steroid treatment. In five patients, the MRIs showed
enhancement confined to the sixth cranial nerve without other brain or
orbital lesions.

Eight patients with presumed microvascular causes displayed var-
ious vasculopathic risk factors including hypertension, smoking,

cholesterolemia, and diabetes mellitus. In three of these patients, high
cholesterol was first diagnosed during the workup for sixth nerve palsy
and was treated with lipid-lowering medication.

One of nine patients with undefined causes reported an episode of
unilateral sixth cranial nerve palsy one year after first sixth cranial
nerve palsy. Both episodes spontaneously resolved within several
months. Flu symptoms preceded sixth nerve palsy in another patient
with an undefined cause. Another three patients with undefined causes
developed sixth nerve palsy during antibiotic treatment for sinusitis or
otomastoiditis. The other patient developed sixth nerve palsy after
heavy alcohol intake a day before. He did not have other neurologic
symptoms or signs such as confusion, ataxia, or memory disturbance.

3.2. Fourth cranial nerve palsy

Among 46 subjects with fourth cranial nerve palsy, neuroimaging
and other studies identified neoplasms of the central nervous system in
two (4.3%) patients; presumed inflammation in seven (15.2%) patients;
presumed microvascular causes in 13 (28.3%) patients; vascular le-
sions, such as arteriovenous anomalies and moyamoya disease in two
(4.3%) patients; and ischemic brainstem stroke in one (2.2%) patient.
In eight (17.4%) patients, the cause was not determined and it was
classified as idiopathic.

One of the two patients with brain tumors had a schwannoma of the
fourth nerve. The results of a conventional MRI in this patient were
negative. When high-resolution MRI was performed in this patient, the
neoplasm was found (Fig. 2).

In the seven patients with presumed inflammations, the clinical and
radiologic features of three patients met the diagnostic criteria of
Tolosa-Hunt syndrome. In four patients, the MRI showed enhancing
lesions involving the nerve without corresponding pain. The clinical
and radiologic findings in these patients resolved after steroid treat-
ment.

Thirteen patients with presumed microvascular causes had various
vasculopathic risk factors, including hypertension, smoking, high cho-
lesterol, diabetes mellitus, and heart valve disease. Cholesterolemia was
first diagnosed during the workup for fourth nerve palsy in two patients
and diabetes mellitus was first diagnosed during the workup for fourth
nerve palsy in one patient. These patients were treated with medica-
tion.

All eight patients with undefined causes denied any preceding
symptoms related to the flu or sinus infections.

The onset time of symptom of fourth cranial nerve palsy was de-
termined according to the patients' reports regarding the onset of di-
plopia or head tilting. This was further supported by family reports or

Fig. 1. A 41-year-old female patient with left sixth nerve palsy. On axial 3D
MPRAGE image, a well-enhanced soft-tissue mass lesion involving the left ca-
vernous sinus (asterisk), suggestive of meningioma, is observed.

Fig. 2. A 50-year-old male patient with left fourth nerve palsy. Axial 3D-MPRAGE image (A) and 3D-CISS image (B) demonstrate nodular enhancement, suggestive of
schwannoma (arrowheads). The size of the enhancing mass did not change on repeated magnetic resonance imaging during two years of follow-up.
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old photos showing the patients' normal head positions. However, after
a detailed investigation, the etiology was concluded as congenital in
three patients based on the absence or atrophy of the fourth cranial
nerves with or without atrophy of the superior oblique muscle in the
paretic eye in MRI examinations.

3.3. Third cranial nerve palsy

Neuroimaging and other studies identified neoplasms involving the
central nervous system in three (13.6%) of 22 patients with third cra-
nial nerve palsy. One patient had meningioma and the other two pa-
tients had pituitary tumors. Both patients with pituitary tumors had
partial third nerve palsy with pupillary involvement and very mild ip-
silateral ptosis. Neither patient showed any limitations in ocular
movement.

Presumed inflammation was detected in eight (36.4%) patients. The
clinical and radiologic features of three patients met the diagnostic
criteria of Tolosa-Hunt syndrome. In five patients, the MRIs showed
enhancement confined to the third cranial nerve without any other
brain or orbital lesion.

Two patients presented with aneurysms of the posterior commu-
nicating artery. They had initially presented with isolated third cranial
nerve palsy. Of these two patients, one patient showed complete, while
the other patient had incomplete, third nerve palsy with pupillary in-
volvement. Both patients underwent surgical treatment for their an-
eurysms.

In one patient, non-aneurysmal vascular contact was the presumed
cause of third cranial nerve palsy (Fig. 3). The patient had partial left
third nerve palsy and MRI revealed third nerve compression by the
basilar artery and the posterior communicating artery. The third nerve
palsy recovered spontaneously in this patient. In one patient with third
cranial nerve palsy, a herpes zoster viral infection was the cause. The
cause was not determined in only one patient and it was classified as
idiopathic.

4. Discussion

4.1. Neoplasms involving the central nervous system

Our results showed that tumors affecting the central nervous system
were the most common etiology of sixth nerve palsies and the second
most common etiology of third nerve palsies in young adult patients
below 50 years of age. Overall, 15.7% of the patients with acute iso-
lated ocular motor nerve palsies exhibited neoplasms. The proportion of

neoplasms in patients with sixth nerve palsy was 25.4% in this study
and ranged from 16% in the study of Moster et al. [1] to 33% in the
study of Peters et al. [2], although direct comparison was difficult be-
cause the former study was carried out before the routine use of MRI,
while the latter study included non-isolated cases. Twelve out of 15
patients found to have neoplasms in the latter study were non-isolated
cases. A meningioma involving the cavernous sinus was the most
common neoplasm in the present study. Eight patients had me-
ningiomas involving the cavernous sinus. Other primary neoplasms
included gliomas, benign and malignant peripheral nerve sheath tu-
mors, meningoendothelioma, pituitary tumors, and ruptured dermoid
cyst. Oculomotor nerve palsy is a relatively rare symptom of pituitary
tumors [7–9]. Neither patient in this study showed apoplectic features
in MRI and both had mild partial third nerve palsy. Notably, there was
one patient who had a normal conventional MRI result and manifested
a neoplasm under repeated 3D-CISS MRI. High-resolution MRI with
contrast enhancement and repeated imaging might have important
roles in suspected cases.

4.2. Presumed inflammation

Presumed inflammation was the most common etiology of third
nerve palsy and the second most common etiology of sixth nerve palsy.
Overall, presumed inflammation was identified as the etiology in 21.3%
of the patients with acute isolated ocular motor nerve palsy. Among the
27 patients with presumed inflammation, the clinical and radiologic
features of 11 patients met the diagnostic criteria of Tolosa-Hunt syn-
drome. In the six other patients, the MRIs revealed enhancing lesions
involving the nerve without corresponding pain. Their clinical and
radiologic findings resolved after steroid treatment. In the remaining 10
patients, the MRIs showed enhancement confined to the third or sixth
cranial nerve without any other brain or orbital lesions. Granulomatous
processes, such as Tolosa-Hunt syndrome, are well-known causes of
ocular motor nerve palsy [10]. However, non-granulomatous in-
flammation, such as idiopathic inflammation or bacterial and fungal
sphenoid sinusitis, could also cause ocular motor nerve palsy [11–13].
When the inflammation is confined to the cranial nerves, inflammatory
neuropathy may be difficult to distinguish from ischemic optic neuro-
pathy [14] and both of them could have benign clinical courses
[4,15–18]. Therefore, it is possible that a certain proportion of patients
were assigned to the wrong ischemia and inflammation categories or
had ischemia and inflammation of a complex nature.

Fig. 3. A 39-year-old male patient with partial left third nerve palsy due to non-aneurysmal neurovascular contact. (A) The axial 3D-CISS image demonstrates mild
left third nerve (black arrowhead) compression and mild inferior displacement by the basilar artery (white arrowhead) in the interpeduncular cistern region. (B) The
coronal 3D-CISS image demonstrates compression of the third nerve (black arrowhead) by the posterior communicating artery (white arrowhead) in the neural sleeve
region. The patient spontaneously recovered completely one day after symptom onset.
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4.3. Presumed microvascular cause

Microvascular ocular motor palsies are thought to occur most often
in adults 50 years of age or older with existing vasculopathic risk fac-
tors, such as hypertension, hyperlipidemia, diabetes, or smoking
[5,18,19]. Several pathology studies investigating ocular motor nerve
palsies with presumed microvascular causes have revealed demyelina-
tion [20–22], damage to the nerve sheath [21], and arterial hyalini-
zation [20–22]. However, the classification of cranial nerve palsies
based on pathology is impossible in a clinical setting. The diagnosis of
ischemic cranial nerve palsies is speculative and based on the presence
of vasculopathy or risk factors in isolated palsies [23]. In this study,
patients with vasculopathic risk factors, including smoking, diabetes
mellitus, arterial hypertension, hypercholesterolemia, or heart valve
disease, previously or newly-diagnosed during the work up without any
other definite lesion causing cranial nerve palsies, were classified as
presumed microvascular causes. Therefore, all patients in this category
had one or more vasculopathic risk factors. Although it is possible that
certain cases with other hidden causes were misclassified as presumed
microvascular nerve palsies, presumed microvascular causes might in-
clude a substantial proportion of cranial nerve palsies in patients in
their 20s to 50s. Thus, presumed microvascular causes should be con-
sidered if the patient has one or more vasculopathic risk factors, even
for young adults in their 20s.

4.4. Idiopathic

High-resolution MRIs were performed in all idiopathic patients and
no corresponding lesions were found. Moreover, all serologic tests and
blood work that included antibody tests for Graves' disease, myasthenia
gravis, and Miller Fisher syndrome, were normal. Our report was
comparable to a previous study that reported idiopathic cases in up to
18% of patients aged 20–50 with non-traumatic isolated sixth nerve
palsies [2].

4.5. Vascular lesions

Ten patients with isolated ocular motor nerve palsies showed vas-
cular lesions that included varix, moyamoya disease, arterial aneur-
ysms, and large venous anomalies. Two patients with third nerve palsy
harbored a posterior communicating arterial aneurysm. Of these two
patients, one patient had complete and the other patient had in-
complete, third nerve palsy with pupillary involvement.

4.6. Multiple sclerosis

Multiple sclerosis was the etiology of isolated sixth nerve palsy in
three patients in the study. Rucker et al. reported that multiple sclerosis
generally affected the sixth nerve [24] and rarely affected the third and
fourth nerve [24]. The proportion of multiple sclerosis patients in this
study was lower than in previous studies that reported a 24% pre-
valence of sixth nerve palsy [2]. The discrepancy may be attributed to
the much lower incidence of multiple sclerosis in Asia than in Western
countries [25].

4.7. Congenital

Three cases in this study were diagnosed with late decompensation
of congenital fourth cranial nerve palsy. Previous reports have de-
scribed cases of congenital fourth nerve agenesis in which the symp-
toms developed later in life [26]. That study included congenital fourth
nerve palsy due to agenesis manifesting diplopia after age 50. Thus,
congenital fourth nerve palsy might be a final diagnosis in patients who
acquired diplopia at any age.

4.8. Others

A single patient was diagnosed with third cranial nerve palsy caused
by a herpes zoster viral infection. Intracranial hemorrhage was found in
one patient with sixth nerve palsy. Acute brainstem infarction was
discovered in one patient with fourth nerve palsy. In one patient, the
presumed etiology of the third nerve palsy was non-aneurysmal vas-
cular contact. Because neurovascular compression in ocular motor
nerve palsies could have high sensitivity but low specificity for nerve
palsy [27,28], the true causative association is debatable. There have
only been sparse reports of third nerve palsy presumed to result from
neurovascular compression [29–33]. Among them, one study reported a
patient with a transient third nerve palsy who was found to have
neurovascular compression of the cisternal oculomotor nerve as it
curved over a duplicated superior cerebellar artery [29]. Our case
might also support the previously reported occurrence of transient third
nerve palsy due to non-aneurysmal neurovascular compression [29].
3D-CISS MRI might be beneficial in the evaluation of this type of cranial
nerve palsy.

4.9. Limitations

Several limitations exist in this study. First, it was a retrospective
study. All patients were tested for acetylcholine receptor antibodies.
However, no patient underwent further tests for myasthenia gravis such
as repetitive nerve stimulation tests, because of the absence of clinically
suspected symptoms or signs. Second, a possible selection bias might
exist. Patients referred to a tertiary hospital might have a greater pre-
valence of serious underlying pathologies compared to those referred to
primary or secondary hospitals. Third, even with high-resolution MRI
and blood work, the palsy etiologies were concluded to be idiopathic or
presumed ischemia in a substantial proportion of the patients. We hope
that the future development of imaging technology and a deeper un-
derstanding of the mechanism of cranial nerve palsy can facilitate the
clarification of etiologies in this proportion of patients. Fourth, the
majority of data were associated with a single ethnicity. As mentioned
earlier, the incidence of multiple sclerosis can vary according to eth-
nicity [25]. Therefore, the proportion of this disease entity is not di-
rectly applicable to other ethnicities. Fifth, patients with papilledema
were excluded in this study to remove patients with optic nerve in-
volvement, however, non-ophthalmic specialists may have difficulty
with fundus examination and this restriction may make it harder to
directly apply our study results to their practice.

5. Conclusions

A substantial proportion of young adult patients with ocular motor
nerve palsies in Korea had pathologies other than presumed micro-
vascular ischemia or idiopathic cause. Prompt neuroimaging and la-
boratory testing have important roles in the evaluation of patients in
this age group. Further studies including different ethnicities are
needed to generalize our study results.
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