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Abstract: Background: The role of early neuroimaging in older vasculopathic patients presenting with acute isolated ocular
motor nerve palsy is still being debated. We wanted to demonstrate the approach differences between neurologists and
ophthalmologists, and examine the role of early neuroimaging in managing acute ocular motor mononeuropathies. Methods:
Retrospective chart review. Patients ≥ 50 years with vasculopathic risk factors, presenting with acute isolated third, fourth or
sixth cranial nerve palsies. We compared the rate of early neuroimaging referral between neurologists and ophthalmologists at
initial presentation, and assessed the proportion of cases in which the final diagnosis has changed after early neuroimaging, in a
single medical center. Results: 54 patients were included. After excluding patients with third nerve palsy, the rate of patients
referred to early neuroimaging was significantly greater when initially presented to a neurologist compared with an
ophthalmologist (29/38 patients were referred to early neuroimaging, of whom twenty by a neurologist and nine by an
ophthalmologist, p<0.001). Out of 38 patients presented with fourth or sixth nerve palsies, only 4/38 (10%) were found to have
a cause other than presumed microvascular ischemia, and only 2/29 (7%) patients referred to neuroimaging were found to have
a causative lesion. Conclusions: The decision to perform early neuroimaging in older patients with acute isolated 4th or 6th
nerve palsies and vasculopathic risk factors could be weighed against observation alone. Thorough history taking and prudent
physical examination are important for identifying patients with greater risks, therefore needing early neuroimaging.
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1. Introduction
Isolated third, fourth and sixth cranial nerve palsies are
caused by various etiologies. In patients older than 50 years
of age, the most common cause is presumed microvascular
ischemia in the setting of atherosclerotic risk factors, such as
diabetes mellitus, hypertension and hyperlipidemia [1-3].
Spontaneous resolution occurs in 70% of these cases [3],
typically within a period of approximately three months [24]. With increasing use of magnetic resonance imaging
(MRI) over the past 20 years, there have been several
published reports of other causes of acute ocular motor
mononeuropathies, including demyelinating disease, pituitary
apoplexy and brainstem infarction/hemorrhage [1, 5-33].
Although neuroimaging is generally considered necessary

in all individuals presenting with third nerve palsies, the role
of early neuroimaging in older individuals (age ≥ 50 years)
with vasculopathic risk factors presenting with acute isolated
4th or 6th nerve palsy is still under debate and there is a lack
of consensus between different medical specialties. In prior
prospective studies that have addressed this matter, a
percentage of 1-15% of patients had non-microvascular
causes of acute ocular motor mononeuropathies [5-7].
A recent prospective study [1] found that overall, 16.5% of
109 adult patients presenting with acute ocular motor nerve
palsy had structural lesions on MRI scans. In this study,
among 80 patients with vasculopathic risk factors alone, 10%
had other causes explaining their ocular motor nerve palsy.
After exclusion of patients with third nerve palsies and giant
cell arteritis, it was found there is approximately 5% chance
that a patient with vasculopathic risk factors alone,
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presenting with 4th or 6th cranial nerve palsy, had another
cause found for the mononeuropathy [1]. According to this,
some authors are in favor of performing early neuroimaging
during the initial evaluation of adults older than 50 years of
age with vasculopathic risk factors, presenting with acute
ocular motor mononeuropathies [5-6].
On the other hand, other studies recommend observation
alone without early neuroimaging, as long as spontaneous
resolution has occurred by 3–6 months [7-8].
Based on clinical experience and practices in our medical
center, we assumed the rate of early neuroimaging referral in
older patients presenting with acute ocular motor
mononeuropathy is greater when initially presented to a
neurologist compared with an ophthalmologist. We thus
conducted a retrospective study of patients 50 years of age
and older with vasculopathic risk factors, presenting with
acute isolated ocular motor nerve palsy, to demonstrate the
approach differences between neurology and ophthalmology
regarding the role of early neuroimaging. We compared the
rate of early neuroimaging referrals between neurologists and
ophthalmologists at initial presentation, and assessed the
proportion of cases in which the final diagnosis (presumed
microvascular ischemia versus another cause) changed after
early neuroimaging.

2. Methods
Local institutional review board approval was obtained for
this study, and the research adhered to the tenets of the
Helsinki Declaration. Electronic hospital medical records
were used to identify patients ≥50 years of age, presenting
with acute isolated third, fourth or sixth cranial nerve palsies,
in our medical center, from January 2010 through December
2016. Isolated palsy was defined as the absence of other
signs and symptoms, with the exception of headaches or
periorbital pain within one month of the onset of diplopia.
History of vasculopathic risk factors was obtained (i.e.,
Hypertension, hypercholesterolemia, diabetes mellitus,
myocardial infarction, coronary artery disease, stroke and
tobacco use) for each patient. Patients included in the study
had at least one vasculopathic risk factor, because the
population under debate regarding the role of early
neuroimaging in acute isolated 4th or 6th nerve palsy is older
individuals (age ≥ 50 years) with vasculopathic risk factors,
and thus patients with no vasculopathic risk factors were
excluded.
Patients with systemic signs or localizing neurologic signs
or symptoms suggesting a different cause for the isolated
cranial nerve palsy were excluded from the study. Patients
with a known history of myasthenia gravis, malignancy, head
trauma, neurosurgical intervention, orbital disease,
strabismus surgery, thyroid eye disease, temporal arteritis and
multiple sclerosis were excluded as well.
Data were collected on demographics, history of
vasculopathoc risk factors, neuroimaging results and
comparison of imaging referral rates between neurologists
and ophthalmologists at initial presentation. Electronic
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hospital medical records were used to assess the presence or
absence of prior ocular motor palsy, neurologic disease,
cancer or any other relevant history. Results of diagnostic
testing (e.g., erythrocyte sedimentation rate, C-reactive
protein, thyroid function tests, lumbar punctures and
acetylcholine receptor antibody test,) were recorded.
Finally, after retrospective evaluation, the patients were
divided by the cause of their ocular motor palsy to presumed
microvascular ischemia versus another cause. A presumed
microvascular cause was assigned for patients in whom early
neuroimaging (MRI or contrast enhanced CT) and/or clinical
testing did not reveal an alternative cause, other neurological
signs remained absent, and the ophthalmoparesis resolved
spontaneously.
The study's primary end point was comparing the rate of
early neuroimaging referral between neurologists and
ophthalmologists at initial presentation. The study's
secondary end point was assessing the proportion of cases in
which the final diagnosis (presumed microvascular ischemia
versus another cause) has changed after early neuroimaging.
The statistical analysis was carried out using SPSS
software, version 20. Double exponential distribution was
performed with p<0.05 considered statistically significant.
Mean, standard deviation (SD), median and range were used
to summarize the continuous variables. Two-sample t-tests
were used to compare means of normally distributed
variables, and Pearson chi square tests were used for
categorical variables. Mann Whitney tests were used if data
distribution did not follow a normal distribution.

3. Results
Out of 285 patients ≥50 years of age presenting with acute
diplopia from January 2010 through December 2016, 54 had
vasculopathic risk factors and acute isolated ocular motor
nerve palsy, and were included in the study. The remaining
231 patients met the exclusion criteria.
Of the 54 patients included, 16 patients had cranial nerve
III palsy (twelve were partial and four were complete), 14
patients had cranial nerve IV palsy and 24 patients had
cranial nerve VI palsy.
The mean (± SD) age of the cohort was 69 ± 9.8 years
(median 68.5 years, range 50–98 years). The mean (± SD)
duration of diplopia at presentation was 5.2 ± 6.7 days
(median 3, range 1–30 days). The mean (± SD) duration of
follow-up was 21.12 ± 27.88 months (median six months,
range 3-91 months). The cohort consisted of 33 men and 21
women. A comparison of patient characteristics between the
patients with presumed microvascular ischemia versus other
causes is shown in Table 1. Distribution of age and gender
were similar between the two groups. The association of
hypertension with presumed microvascular ischemia was
most frequent in a univariate analysis, although this did not
reach significance (p=0.720). Sixth cranial nerve was most
frequently involved, and had the highest incidence of other
causes (4/5, 80%).
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Table 1. Characteristics of patients with acute isolated ocular motor nerve
palsy of presumed microvascular ischemia versus other causes.
Presumed microvascular
ischemia (n =49) (91%)
Age, Mean (± SD)
69 (±10.2)
Age, Median (range) 68 (50-98)
Female
19 (39%)
Male
30 (61%)
Nerve involved (n)
49 (91%)
3 (16)
15 (31%)
4 (14)
14 (28%)
6 (24)
20 (41%)
Characteristics

Other causes
(n =5) (9%)
68.8 (±5.4)
69 (63-76)
2 (40%)
3 (60%)
5 (9%)
1 (20%)
0
4 (80%)

Pvalue
0.977a
0.639b
0.957c

0.205c

a

P-value from Mann Whitney test
P- value from Median test
c
P-value from Pearson chi square test
n= number of patients, SD-Standard deviation
b

Overall, neuroimaging and/or other diagnostic testing
identified a cause other than presumed microvascular
ischemia in 5/54 patients (9%), including two patients with
myasthenia gravis (MG) and one patient each with pituitary
macroadenoma, petroclival meningioma and brain metastasis
from metastatic hepatocellular carcinoma (Table 2).
Table 2. Causes other than presumed microvascular ischemia for acute
ocular motor mono-neuropathies in older patients.
Cranial nerve affected
Third
Sixth
Sixth
Sixth

Etiology
Pituitary macroadenoma
Brain metastasis from metastatic
hepatocellular carcinoma.
Petroclival meningioma
Myasthenia Gravis*

* There were two patients with myasthenia gravis.

34 patients (34/54, 63%) were diagnosed with presumed
microvascular palsy which spontaneously resolved within
approximately three months, and 15/54 (28%) patients did
not return for a follow-up visit. 3/15 patients passed away
and 2/15 could not be reached by phone. 10/15 patients were
contacted by phone and all reported their diplopia had
resolved in approximately three months.
Overall, 28/54 (52%) patients were initially seen by a
neurologist and 26/54 (48%) patients were initially seen by
an ophthalmologist. 45 patients were referred to early
neuroimaging (16 with 3rd nerve palsy, 13 with 4th nerve
palsy and 16 with 6th nerve palsy). Among them, 33/45
patients (73%) were referred to contrast enhanced CT, six of
whom were subsequently referred to MRI on follow-up due
to suspected findings or partial resolution. Two were referred
to early MRI, and one was referred to CT without contrast
because of contrast sensitivity and was later referred to MRI.
9/45 (20%) were referred to CT without contrast, all by
neurologists.
In order to investigate the yield of early neuroimaging, the
subset of patients analyzed were without third cranial nerve
palsies, because there is a consensus regarding the necessity
of early imaging in these patients. We found that the rate of
patients referred to early neuroimaging was significantly
greater when initially presented to a neurologist compared

with an ophthalmologist. Out of 38 patients presented with
isolated fourth or sixth cranial nerve palsies, 29 patients were
referred to early neuroimaging (twenty patients were referred
by a neurologist and nine by an ophthalmologist, p<0.001).
The remaining nine patients who were not referred to early
neuroimaging were all initially presented to an
ophthalmologist.
Only 4/38 (10%) were found to have a cause other than
presumed microvascular ischemia (Table 2). Two of them
(2/38, 5%) had a causative lesion upon early neuroimaging.
One was a patient with a history of hypertension and
hypercholesterolemia, who presented with isolated right sixth
cranial nerve palsy, and was found to have a petroclival
meningioma with involvement of the right cavernous sinus,
that was subsequently treated with stereotactic radiotherapy.
The second was a patient with multiple vasculopathic risk
factors, who presented with two weeks history of diplopia
due to right sixth cranial nerve palsy. The MRI revealed a
lytic lesion in the right petrous bone that was later diagnosed
as brain metastasis from metastatic hepatocellular carcinoma.
None of the patients with isolated third nerve palsy (n =16)
were found to have a brain aneurysm. There was only one
patient with third cranial nerve palsy who was found to have
a cause other than presumed microvascular ischemia, with a
causative lesion on MRI. The patient had multiple
vasculopathic risk factors, and presented with three weeks
history of diplopia due to complete right third nerve palsy.
The MRI revealed a pituitary macro-adenoma with
involvement of the right cavernous sinus, which was
subsequently treated with endoscopic trans-sphenoidal
surgery.
Additionally, in our study there were two patients with
sixth cranial nerve palsies diagnosed with MG based on a
positive acetylcholine receptor antibody test. These patients
presented only with intermittent diplopia, and did not have
any other systemic symptoms of MG. they were both treated
with Pyridostigmine with resolution of their symptoms in
approximately three months.
Assessment of the proportion of cases in which the final
diagnosis (presumed microvascular ischemia versus another
cause) has changed after early neuroimaging revealed that
overall, 3/45 patients (7%) referred to early neuroimaging
were found to have causative lesions, one with 3rd nerve
palsy and two with 6th nerve palsy.

4. Discussion
As far as we know, our study is the first study
demonstrating approach differences between neurologists and
ophthalmologists regarding the role of early neuroimaging in
this clinical setting. Our results show that the rate of patients
referred to early neuroimaging was significantly greater
when initially presented to a neurologist compared with an
ophthalmologist. Possible reasons for the observed referral
differences could be due to differences in clinical background
and
experience.
Ophthalmologists
follow
neuroophthalmologic guidelines regarding acute isolated ocular
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motor nerve palsies, whereas neurologists usually treat
patients with cerebrovascular accidents and thus tend to refer
most patients to early neuroimaging.
In the current retrospective chart review, the yield of early
neuroimaging in older vasculopathic patients with acute 4th
or 6th cranial nerve palsies was low. In this group of patients
(n =38), early neuroimaging was obtained in 29/38 patients,
and we identified only two subjects with a causative lesion
found from early neuroimaging (2/29, 7%). 22/38 patients
(58%) were diagnosed with microvascular ischemia and had
spontaneous resolution in approximately three months. After
Exclusion of patients with third nerve palsies, there was
approximately 1 in a 15 chance that a patient with
vasculopathic risk factors had palsy due to a nonmicrovascular cause, as similar to what was found in a
previous study [1].
According to current accepted guidelines regarding
neuroimaging recommendations [7], patients should receive
an MRI in the setting of an acute isolated ocular motor nerve
palsy if any of the following criteria are met: (1) age < 50
years, (2) third nerve palsy, (3) history of cancer, (4)
neurologic signs or symptoms. If neuroimaging is initially
deferred, a lack of resolution by three months or failure to
demonstrate any recovery by one month should prompt
further investigations, including neuroimaging [3-4].
Early neuroimaging in older vasculopathic patients
remains controversial for several reasons, such as costly
expenses and presumed low yield, as well as a belief that
delaying neuroimaging does not necessarily change the
prognosis. Three prior prospective studies have addressed
this question [5-7]. In one study [5], the yield of MRI in
identifying other causes for sixth nerve palsy was 15% (four
patients, two with a metastasis, one with a meningioma and
one with an aneurysm). The median age of the cohort in this
study was 43 years, an age where there is a higher likelihood
of finding a specific cause [5]. Another study [6] found a
13.6% (9/66) incidence of other causes in patients presenting
with acute ocular motor mononeuropathies. The incidence of
other causes for fourth and sixth nerve palsies was 13.5%
(5/37),
including
neoplasm,
brainstem
infarction,
demyelinating disease and pituitary apoplexy. The authors
concluded early neuroimaging should be performed in all
patients [6]. On the other hand, a third study [7] investigated
the cost utility and yield of neuroimaging for acute ocular
motor mononeuropathies in adults > 50 years, and found a
low prevalence of causative lesions on MRI (1.1%, 1/93
patients) [7]. The one patient identified presented with a sixth
nerve palsy due to a pontine hemorrhage, and did not need
any intervention. The authors concluded that early
neuroimaging was not cost-effective in older adults with the
presence of vasculopathic risk factors. The above two studies
[6-7] were single center studies, and all patients with a
history of cancer, head trauma or neurologic and orbital
diseases were excluded, similar to our study.
A recent multicenter prospective study [1], assessed the
yield of neuroimaging in 109 patients presenting with acute
third, fourth or sixth nerve palsy, and found the overall yield
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of neuroimaging to be 16.5%. In patients with fourth and
sixth nerve palsy with vasculopathic risk factors alone and no
significant past medical history, the yield was found to be
only 4.6%. The causes included stroke, neoplasm,
inflammation and pituitary apoplexy. The authors of this
large study concluded that a contrast-enhanced brain MRI
play an important role in the initial evaluation of patients
who present with ocular motor mononeuropathies, including
patients over 50 years of age [1].
In our study it was debatable whether or not early
neuroimaging would have changed the prognosis in cases
with a cause other than presumed microvascular ischemia. As
stated, 2/38 patients with 4th or 6th nerve palsies had a
causative lesion found on early neuroimaging. One patient
presented with right 6th cranial nerve palsy and was
diagnosed with petroclival meningioma (Figure 1). A delay
in diagnosis during an observation period would likely have
had no impact on the final treatment or prognosis for this
patient. The other patient presented with right 6th cranial
nerve palsy and was ultimately diagnosed with brain
metastasis (Figure 2) from metastatic hepatocellular
carcinoma involving multiple organs. Unfortunately, this
patient died seven months later.

Figure 1. Patient with acute isolated right 6th cranial nerve palsy. Axial T1
MRI with contrast showing several meningiomas, including right petroclival
meningioma with involvement of right cavernous sinus.

Figure 2. Patient with acute isolated right 6th cranial nerve palsy. Head CT
with bone window showing expansile lytic lesion in right petrous apex, in a
patient with metastatic hepatocellular carcinoma, who presented with acute
isolated right 6th cranial nerve palsy.
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Moreover, prognosis-modifying etiologies, such as brain
aneurysms, were not present in all 54 patients in our study, or
in patients of previous studies [1, 6-7]. However, in the group
of patients with 3rd nerve palsy (n =16), early neuroimaging
did change management and prognosis in one patient, in
whom a causative lesion was found (Figure 3).

not necessarily change the prognosis, it is advised to make
the decision individually based on thorough history taking
and physical examination findings, as performing early
neuroimaging can change the clinical management in certain
cases.
The decision to perform early neuroimaging in this clinical
setting should be weighed against observation alone, and
should be obtained if there is a lack of resolution by three
months or failure to demonstrate any recovery by one month.
We emphasize the importance of thorough history taking
and prudent physical examinations, as well as close
collaboration between neurologists and ophthalmologists, in
identifying patients at higher risk for serious underlying
pathologies and thus in need of additional work-up, since
those are the patients with the highest yield for early
neuroimaging.
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Figure 3. Patient with acute isolated right 3rd cranial nerve palsy. (Left)
Sagittal and (right) Coronal T1 MRI with contrast showing pituitary macroadenoma in a patient with acute isolated right 3rd cranial nerve palsy.
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