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Background and Purpose  This study aimed to determine the patterns and etiologies of 
acquired ocular motor nerve palsy (OMNP) diagnosed in neurology clinics. We also investi-
gated the clinical features that may predict the causes other than microvascular ischemia in 
isolated OMNP.
Methods  We performed a prospective multicenter study that had recruited 298 patients with 
acquired OMNP from the neurology clinics of referral-based 9 university hospitals in Korea. 
We finally selected 235 patients with isolated OMNP and divided them into older (age ≥50 
years, n=188) and younger (age <50 years, n=47) groups. We investigated the underlying etiol-
ogies of acquired OMNP. We also estimated the frequency of microvascular ischemia and oth-
er causes in isolated OMNP, and sought to determine the clinical features that can predict the 
causes other than microvascular ischemia.
Results  Abducens nerve palsy was the most common (40%) of the acquired OMNPs, fol-
lowed by oculomotor nerve palsy (27%), trochlear nerve palsy (23%), and multiple OMNPs 
(10%). The etiologies included microvascular ischemia (47%), inflammatory (21%), stroke (5%), 
trauma (5%), neoplasm (3%), and others (2%), with the cause not being determined in 13% of 
the patients. Microvascular ischemia was the most common cause (83%) in patients aged ≥50 
years with isolated OMNP, followed by inflammation (6%), stroke (6%), neoplasm (3%), and 
aneurysm (1%). Microvascular ischemia was more common in the older than the younger 
group (83% vs. 49%, p<0.001). The intensity of headache was the only risk factor for causes 
other than microvascular ischemia in isolated OMNP.
Conclusions  Vascular and inflammatory disorders are the most common causes of acquired 
OMNP diagnosed in neurology clinics. Microvascular ischemia was the predominant cause of 
isolated OMNP. Severe headache indicates causes other than microvascular ischemia in isolated 
OMNP.
Key Words  ‌�acquired ocular motor nerve palsy, isolated ocular motor nerve palsy, diplopia, 

microvascular ischemia.

Acquired Ocular Motor Nerve Palsy in Neurology Clinics: 
A Prospective Multicenter Study

INTRODUCTION

Acquired ocular motor nerve palsy (OMNP) is a common cause of acute diplopia in neu-
rological practice.1-4 Acquired OMNP can result from various causes including trauma, 
intracranial tumors, stroke, aneurysm, and microvascular ischemia.1-4 Prompt diagnosis 
and treatment are important in acquired OMNP since it can lead to death if appropriate 
treatment is not applied.5-8 The largest series from the Mayo Clinic that included 4,278 pa-
tients identified abducens nerve palsy as the most common type of OMNP (44%), but also 
the cause could not be determined in 25% of cases.9 Other studies have found various eti-
ologies depending on the included population and the criteria used to determine the eti-
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ology.10-17 However, most studies of acquired OMNPs have 
been limited by their retrospective designs, being per-
formed only in ophthalmology clinics, and the nonavail-
ability of advanced neuroimaging techniques that can reli-
ably detect small intra-axial lesions. 

A few recent studies have prospectively assessed the under-
lying etiologies of isolated OMNP, and the efficacy of emer-
gency neuroimaging.18-21 Isolated OMNP in patients aged 
≥50 years frequently occurs from presumed microvascular 
ischemia of the nerve in the presence of vascular risk factors, 
while the reported frequency of causes other than microvas-
cular ischemia has ranged from 4% to 17%.19-21 However, there 
has been no prospective study of an Asian population with 
isolated OMNP, and no study has investigated the clinical 
features for guiding neuroimaging with the inclusion of a 
control arm. 

We conducted a prospective multicenter study to investi-
gate the underlying etiologies of acquired OMNP in neurol-
ogy clinics. We also attempted to estimate the frequency of 
microvascular ischemia and other causes in a Korean popu-
lation with isolated OMNP, and sought to determine the 
clinical features that may predict causes other than micro-
vascular ischemia. 

METHODS

Study design and participants
We performed a prospective multicenter study that recruit-
ed 298 patients with acquired OMNP from the neurology 
clinics of 9 university hospitals in Korea between January 
and December 2015. The inclusion criteria were 1) acquired 
binocular diplopia within 30 days of onset and 2) diplopia 
due to OMNP. Exclusion criteria were a prior history of stra-
bismus, orbital diseases, congenital OMNP, diplopia due to 
extraocular muscle disorders, neuromuscular junction (NMJ) 
disorders, nuclear or supranuclear disorders, inability to un-
dergo MRI, history of neurological diseases that can influ-
ence cognitive function, or incomplete data. 

During the study period, 412 patients with acquired bin-
ocular diplopia were initially recruited. After excluding 114 
patients with nuclear or supranuclear palsy (n=46), NMJ dis-
orders (n=27), other causes (n=21), extraocular muscle disor-
ders (n=11), and incomplete data (n=9), 298 patients with 
acquired OMNP were finally selected for this study (Fig. 1). 

We defined isolated OMNP as the absence of neurologi-
cal signs and symptoms other than headache or periorbital 
pain. Among 298 patients with acquired OMNP, we further 
selected 235 with isolated OMNP after excluding 63 patients 
with a history of preceding head trauma, multiple OMNPs, 
or other neurological symptoms and signs. We divided the 

patients with isolated OMNP into two groups according to 
their age: <50 years (n=47) and ≥50 years (n=188). 

We collected data using a structured registration form that 
included demographic features, clinical characteristics (the 
frequency and intensity of headache, ocular pain, neurologi-
cal signs, vascular risk factors, and a history of previous infec-
tion, head trauma, or cancer), the results of radiological and 
laboratory evaluations, treatments, and prognosis. 

This study followed the tenets of the Declaration of Hel-
sinki and was approved by Institutional Review Board of 
Pusan National University Hospital (approval no. 1605-001-
041). Informed contents were obtained after the nature and 
possible consequences of this study had been explained to 
the participants.

Diagnostic procedure
All participants underwent imaging of the brain and orbit 
with MRI including diffusion-weighted imaging (DWI) and 
MR angiography. The laboratory evaluation included com-

Acquired binocular diplopia 
(n=412)

Acquired OMNP 
(n=298)

Isolated OMNP 
(n=235)

≥50 years (n=188) <50 years (n=47)

Lost to follow-up (n=8)

Outcome analysis (n=180)

Excluded (n=114)
• ‌�Nuclear or supranuclear 

palsy (n=46)
• NMJ disorders (n=27)
• Other causes (n=21)
• ‌�Extraocular muscle 

disorders (n=11)
• Incomplete data (n=9)

Excluded (n=63)
• ‌�History of head trauma
• Multiple OMNP
• ‌�Other neurological 

symptoms and signs

Fig. 1. Study flow diagram. Initially, 412 patients with acquired bin-
ocular diplopia were recruited, and 298 with acquired OMNP were 
selected for this study after excluding those with nuclear or supra-
nuclear palsy, neuromuscular junction disorders, other causes, extra-
ocular muscle disorders, and incomplete data. Among 298 patients 
with acquired OMNP, we further selected 235 with isolated OMNP af-
ter excluding patients with a history of preceding head trauma, mul-
tiple OMNPs, or other neurological symptoms and signs. We divided 
the patients with isolated OMNP into two groups according to their 
age: <50 years and ≥50 years. The outcome analysis was applied to 180 
patients with isolated OMNP. NMJ: neuromuscular junction, OMNP: oc-
ular motor nerve palsy.
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plete blood counts, routine chemistry, thyroid function tests, 
antithyroid antibodies, serum anti-acetylcholine-receptor 
antibody, repetitive nerve stimulation test, and neostigmine 
test to exclude extraocular muscle or NMJ disorders. Vascu-
lar risk factors were defined: aged ≥60 years, hypertension, 
diabetes mellitus, smoking, previous stroke or myocardial in-
farction, coronary artery disease, and dyslipidemia. We as-
sessed the serum anti-GQ1b antibody level in patients with 
antecedent infection or decreased deep tendon reflexes, and 
performed CSF analysis in patients with accompanying head-
ache. 

Using the previously reported criteria for the etiologies of 
ophthalmoplegia, the cause of each type of acquired OMNP 
was assigned according to the medical history, results of ra-
diological and laboratory evaluations, and clinical course.5,9,17,22 
Appropriate lesions should have been documented in neu-
roimaging to diagnose cerebral infarctions, brain tumors, 
inflammation, and vascular disorders. A diagnosis of Tolosa-
Hunt syndrome was based on the 2018 criteria of the Interna-
tional Headache Society.23 A diagnosis of microvascular 
ischemia required no alternative cause in MRI and clinical 
tests, the presence of at least one vascular risk factor, and spon-
taneous resolution. When there were no identifiable causes, 
the etiology was classified as undetermined. 

In patients with isolated OMNP, we used the recently re-
ported criteria for a diagnosis of presumed microvascular 
ischemia that was assigned to those patients for whom MRI 
and clinical testing did not reveal an alternative cause, other 
neurological signs remained absent, and the ophthalmopa-
resis resolved spontaneously.19,21 

Treatment strategy and outcome measurement 
Patients with isolated OMNP due to other causes received 
conservative, medical, or surgical treatments according to 

the underlying etiologies, while the remaining patients with 
microvascular ischemia were followed up without receiving 
any specific treatment. 

All of the patients who were diagnosed with isolated 
OMNP were followed up for at least 6 months, and the out-
come was considered as resolved when both the tropia and 
diplopia disappeared. 

Statistical analysis
A logistic regression analysis was used to assess the inde-
pendent predictors of other causes in patients with isolated 
OMNP. Variables with p<0.05 in the univariate analysis were 
considered to represent explanatory variables. Chi-square or 
Fisher’s exact tests were used to compare the proportion of 
men, each OMNP, and etiologies between the younger (age 
<50 years) and older (≥50 years) patients. Statistical analyses 
were performed using SPSS (version 18.0, SPSS Inc., Chica-
go, IL, USA), and p<0.05 was considered significant. 

RESULTS

The patients with acquired OMNP comprised 185 men (62%) 
and 113 women (38%) aged 58±15 years (mean±SD), with 
a median age of 59 years and an age range of 9 to 88 years. 
The acquired OMNPs included abducens nerve palsy (40%), 
oculomotor nerve palsy (27%), trochlear nerve palsy (23%), 
and multiple OMNPs (10%) (Table 1). The etiologies of ac-
quired OMNP were microvascular ischemia (47%), inflam-
mation (21%), undetermined (13%), stroke (5%), trauma 
(5%), neoplasm (3%), others (2%), carotid cavernous fistula 
(CCF, 2%), and aneurysm (1%). The causes of each OMNP 
were mainly microvascular ischemia, inflammation, and un-
determined, but the frequencies of trauma and neoplasm 
were somewhat higher in trochlear nerve palsy and abducens 

Table 1. Demography and etiologies of acquired OMNP

III IV VI Multiple Total
Patients, n (%) 81 (27) 69 (23) 118 (40) 30 (10) 298 (100)

Age, y, mean (SD) 58 (15) 61 (11) 58 (15) 50 (22) 58 (15)

Male, n (%) 51 (63) 47 (68) 76 (64) 11 (37) 185 (62)

Etiology, n (%)

Microvascular ischemia 44 (54) 36 (52) 61 (52) 0 (0) 141 (47)

Inflammation 14 (17) 8 (12) 20 (17) 22 (73) 64 (21)

Undetermined 9 (11) 11 (16) 18 (15) 2 (7) 40 (13)

Stroke 8 (10) 2 (3) 6 (5) 0 (0) 16 (5)

Trauma 3 (4) 10 (14) 1 (1) 2 (7) 16 (5)

Neoplasm 1 (1) 0 (0) 8 (7) 1 (3) 10 (3)

Others 0 (0) 1 (1) 2 (2) 3 (10) 6 (2)

CCF 0 (0) 1 (1) 2 (2) 2 (7) 5 (2)

Aneurysm 2 (2) 0 (0) 0 (0) 0 (0) 2 (1)

CCF: carotid cavernous fistula, OMNP: ocular motor nerve palsy, III: oculomotor nerve palsy, IV: trochlear nerve palsy, VI: abducens nerve palsy.
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nerve palsy, respectively. The main cause of multiple OMNPs 
was inflammation (73%).

The 188 patients aged 50 years with isolated OMNP includ-
ed 122 men (64%) and 66 women (36%) aged 65±8 years, 
with a median age of 64 years and an age range of 50 to 88 
years. Isolated OMNP had an etiology of microvascular 
ischemia in 83% of cases, with the remaining 17% compris-
ing inflammation (6%), stroke (6%), neoplasm (3%), and an-
eurysm (1%) (Table 2). Inflammatory disorders comprised 

Tolosa-Hunt syndrome (n=7), pachymeningitis (n=3), and 
demyelinating disease (n=1). Inflammation and stroke were 
the most common other causes of isolated oculomotor and 
trochlear nerve palsies, while neoplasm and stroke were most 
frequent in abducens nerve palsy. 

The presence [odds ratio (OR)=2.9, 95% CI=1.3–6.3] and 
a higher intensity of headache significantly increased the risk 
of causes other than microvascular ischemia in isolated OMNP, 
whereas the presence of vascular risk factors (OR=0.4, 95% 
CI=0.2–0.9) was more likely to be associated with microvas-
cular ischemia (Table 3). However, there were no differences 
in the frequency of a history of previous infection or cancer, 
pupillary involvement, pupil-sparing partial third-nerve pal-
sy, or the degree (complete vs. partial) of external ophthal-
moplegia between OMNP due to microvascular ischemia 
and OMNP due to other causes.

Almost all of the patients (n=180) were followed up for at 
least 6 months. Most of them (149/180, 83%) showed com-
plete resolution within 6 months of the symptom onset with 
or without receiving treatment. Complete resolution was ob-
served in 85% of OMNP cases due to microvascular isch-
emia and in 69% of OMNP cases due to other causes (Table 
4). The proportion of complete resolution did not differ be-
tween OMNP due to microvascular ischemia and OMNP 
due to other causes at 1, 3, or 6 months after the onset of 
symptoms.

Table 2. Demography and etiologies of patients aged 50 years and 
older with isolated OMNP

III IV VI   Total
Patients, n (%) 58 (31) 49 (26) 81 (43) 188 (100)

Age, y, mean (SD) 64 (9) 65 (8) 59 (8) 65 (8)

Male, n (%) 36 (62) 34 (69) 52 (64) 122 (64)

Etiology, n (%)

Microvascular ischemia 43 (74) 43 (88) 70 (86) 156 (83)

Other causes 15 (26) 6 (12) 11 (14) 32 (17)

Inflammation 6 5 1 12

Stroke 7 1 3 11

Neoplasm 1 0 5 6

Aneurysm 1 0 0 1

Vascular malformation 0 0 1 1

Others 0 0 1 1

OMNP: ocular motor nerve palsy, III: oculomotor nerve palsy, IV: troch-
lear nerve palsy, VI: abducens nerve palsy.

Table 3. Comparison of clinical characteristics between patients with isolated OMNP due to microvascular ischemia and other causes 

Patients with other causes 
(n=32)

Patients with microvascular 
ischemia (n=156)

OR (95% CI) p

Age, y, mean (SD) 63.7 (10.6) 65.3 (8) 0.337

Male, n (%) 16 (50) 106 (68) 0.5 (0.2–1.0) 0.053

Headache

Frequency, n (%) 16 (50) 40 (26) 2.9 (1.3–6.3) 0.006

Intensity, VAS score, mean (SD) 5.8 (2.1) 4.1 (1.5) 0.001

Ocular pain, n (%) 11 (34) 38 (24) 1.6 (0.7–3.7) 0.240

Complete paralysis (III and VI), n (%) 8/26 (31) 32/113 (28) 0.488*

Ptosis (III), n (%) 13/15 (87) 29/43 (67) 0.151*

Involvement of pupil (III), n (%) 3/15 (20) 6/43 (14) 0.682*

Pupil-sparing partial paralysis (III), n (%) 8/15 (53) 21/43 (49) 0.764*

Vascular risk factors

Frequency, n (%) 21 (66) 130 (83) 0.4 (0.2–0.9) 0.022

Mean number, mean (SD) 2 (1.3) 1.9 (1.1) 0.682

Preceding infection, n (%) 1 (3) 21 (14) 0.2 (0.0–1.6) 0.132

History of cancer, n (%) 4 (13) 11 (7) 2.8 (0.6–6.3) 0.291

Resolution, n (%) 

Within 1 month 7/29 (24) 25/151 (17) 0.328*

Within 3 month 19/29 (31) 96/151 (64) 0.842*

Within 6 month 23/29 (79) 129/151 (85) 0.405*

*Chi-square tests were used due to different sample size.
OMNP: ocular motor nerve palsy, OR: odds ratio, VAS: visual analogue scale, III: oculomotor nerve palsy, VI: abducens nerve palsy.
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Compared to the younger patients (age <50 years) with 
isolated OMNP (n=47), patients aged ≥50 years had a signif-
icantly higher frequency of microvascular ischemia (83% vs. 
49%, p<0.001) and a lower prevalence of other causes (17% 
vs. 51%, p<0.001) (Table 5). The frequency of each OMNP 
did not differ between the two age groups. 

DISCUSSION

This prospective study found that abducens nerve palsy was 
the most common (40%) type of OMNP in neurology clin-
ics, and that multiple OMNPs occurred in 10% of cases. The 
etiologies included microvascular ischemia (47%), inflam-
mation (21%), stroke (5%), trauma (5%), neoplasm (3%), and 
others (2%), with the cause not being determined in 13% of 
the patients. Compared to previous retrospective studies 
from ophthalmology clinics, the prevalence of multiple OM-
NPs, vascular disorders (microvascular ischemia, stroke, CCF, 
and aneurysm), and inflammation was higher in our study, 
whereas those of trauma and undetermined cause were low-
er.9-17 These discrepancies in the distribution of the affected 
nerves and underlying etiologies may be due to differences 
in the study populations, designs, and inclusion criteria ap-
plied for a cause of microvascular ischemia. Vascular risk 
factors were defined more broadly in the present study than 
in previous studies. Furthermore, the entire population in 
this study received MRI including DWI, and we systemati-
cally assessed serum anti-GQ1b antibody levels and CSF. These 
procedures might have increased the prevalence of vascular 

and inflammatory disorders and other causes, while decreas-
ing the proportion of cases with an undetermined cause. A 
lower prevalence of trauma may indicate that patients with 
traumatic OMNP are more likely to be managed by ophthal-
mologists. Our results necessitate the assessment of vascular 
and inflammatory causes of patients with acquired OMNP 
in neurological practice.

Since the possibility of secondary causes has been consid-
ered to be higher in acquired OMNP associated with neuro-
logical findings or multiple OMNPs, attention has recently 
been paid to isolated OMNP. Three prospective studies of 
Western populations found that when OMNP was isolated 
in patients aged ≥50 years, microvascular ischemia account-
ed for more than 80% of cases (Table 6),19-21 with the frequency 
of causes other than microvascular ischemia varying from 
4% to 17%. Consistent with this, in our Korean population 
we found a frequency of causes other than microvascular 
ischemia of 17%. However, the distribution of other causes in 
this study differed from that in the previous studies. In our 
study, the other causes were mostly vascular disorders (13/32, 
41%) and inflammation (12/32, 38%), while common causes 
in the previous studies were tumors (14/31, 45%) and inflam-
mation (7/31, 23%).19-21 Furthermore, the main causes of in-
flammation were Tolosa-Hunt syndrome and pachymenin-
gitis in our study, and giant-cell arteritis in previous ones. 

We found that the underlying causes of isolated OMNP 
differed significantly with patient age. The prevalence of mi-
crovascular ischemia was significantly higher in the older than 
the younger group (83% vs. 49%, p<0.001), whereas other 

Table 5. Comparison of characteristics between patients aged 50 years or more and less than 50 years in isolated OMNP

Aged 50 years and older (n=188) Aged less than 50 years (n=47) p
Male, n (%) 122 (64) 29 (62) 0.683

Frequency of each OMNP, n (%)

III 58 (31) 13 (28) 0.670

IV 49 (26) 7 (15) 0.108

VI 81 (43) 27 (57) 0.077

Other causes, n (%) 32 (17) 24 (51) <0.001

Inflammation, n (%) 12 (6) 17 (36) <0.001

Vascular, n (%) 13 (7) 3 (6) 1.000

Neoplasm, n (%) 6 (3) 3 (6) 0.308

Others, n (%) 1 (1) 1 (2) 0.361

Microvascular ischemia, n (%) 156 (83) 23 (49) <0.001

OMNP: ocular motor nerve palsy, III: oculomotor nerve palsy, IV: trochlear nerve palsy, VI: abducens nerve palsy.

Table 4. Outcome of isolated ocular motor nerve palsy

Oculomotor nerve palsy Trochlear nerve palsy Abducens nerve palsy
Other causes 

 (n=13)
Microvascular 

ischemia (n=41)
Other causes 

 (n=6)
Microvascular

ischemia (n=42)
Other causes 

 (n=10)
Microvascular

ischemia  (n=68)
Complete resolution, n (%) 10 (77) 34 (83) 1 (17) 36 (86) 9 (90) 59 (87)
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causes showed the opposite relationship (17% vs. 51%, p< 
0.001). A recent prospective study of isolated sixth-nerve pal-
sy found a higher incidence of other causes (63%) and a low-
er incidence of microvascular ischemia (23%), since patients 
of all ages were analyzed together. Our results again empha-
size the importance of considering patient age when evalu-
ating acute isolated OMNP. 

The traditional guidelines based on retrospective studies 
of imaging patients with acute isolated OMNP have includ-
ed 1) younger than 50 years, 2) pupil-involving or pupil-
sparing partial third-nerve palsy, 3) a history of any type of 
cancer, 4) any other localizing signs or symptoms, 5) no im-
provement within 1 month, and 6) no resolution within 3 
months.19,20,24 The present study compared various clinical 
variables between patients with isolated OMNP due to mi-
crovascular ischemia and OMNP due to other causes. We 
found that only the presence and a higher intensity of head-
ache were risk factors for causes other than microvascular 
ischemia, whereas the presence of vascular risk factors is 
more likely to be associated with microvascular ischemia. 
There were no intergroup differences in the proportion of 
cases that resolved at 1, 3, and 6 months after symptom onset, 
or in the frequency of a history of previous infection or cancer, 
pupillary involvement or pupil-sparing partial third-nerve 
palsy, or the degree of external ophthalmoplegia. Our results 
are consistent with previous studies also finding no differ-
ence in the degree of external ophthalmoplegia and pupil-
lary involvement between cranial third-nerve palsies due to 

microvascular ischemia and other etiologies.7,19 Indeed, ap-
proximately one-third of patients with cranial third-nerve pal-
sy due to microvascular ischemia are known to show some 
degree of pupillary involvement.6,24,25 

The present study was subject to several limitations. Since 
the study was based on data from the neurology clinics of 
tertiary-care hospitals, the obtained results might not be ap-
plicable to community hospitals or ambulatory-care units. 
The possibility of selection bias should also be considered 
when interpreting the results. Microvascular ischemia is a 
presumptive diagnosis based on no alternative causes and 
spontaneous resolution with or without the presence of vas-
cular risk factors. Since the criteria for microvascular ischemia 
do not entirely rule out alternative etiologies such as myas-
thenia gravis, a longer follow-up may be required to establish 
a definitive diagnosis of OMNP due to microvascular isch-
emia. 
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