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Background and Purpose Contrast enhancement of the oculomotor nerve in MRI was re-
cently noticed in patients with clinical ischemic isolated oculomotor nerve palsy (iIONP). The
opinions about whether this is a sign of inflammation and whether or not to administer steroids
vary between doctors. The study aimed to determine the associations between this enhance-
ment and vascular-disease risk factors (VRFs) and inflammatory factors in ilONP patients.

Methods The study recruited patients who had experienced ilONP during the previous 2
years. They were divided into groups A and B based on whether or not they exhibited an en-
hanced oculomotor nerve in MRI of the cavernous sinus using thin-section, fat-suppressed,
and contrast-enhanced sequences. VRFs, inflammatory factors, and improvement scores were
compared between the two groups.

Results Most (71.1%) of the 45 included ilONP patients had enhanced oculomotor nerves in
MRI. VRFs, periorbital pain, elevated C-reactive protein and erythrocyte sedimentation rate,
the neutrophil-to-lymphocyte ratio, and the platelet-to-lymphocyte ratio were not significantly
associated with the enhancement. Four of the five patients in group A exhibited an elevated
cerebrospinal fluid (CSF) IgG synthesis rate. The improvement score of eight patients who re-
ceived 80 mg of methylprednisolone in addition to the routine therapy was not significantly
different from the scores of the other patients (p=0.485).

Conclusions More than half of the iIONP patients had an enhanced oculomotor nerve in
MRI. A few of them also had elevated CSF IgG synthesis rate, but no further evidence for in-
flammation was found. The administration of steroids seemed to have no benefit other than
increasing the blood glucose level.
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INTRODUCTION

The oculomotor nerve (cranial nerve III) arises from the midbrain and divides into two
branches after entering the orbit. This nerve innervates the eye muscles to enable the eye
to move inward, upward, and downward. It can also raise the eyelid and control pupillary
constriction and accommodation. Damage to the oculomotor nerve can therefore result in
complex clinical symptoms and signs.

Isolated oculomotor nerve palsy (IONP) is a condition in which only the oculomotor
nerve is affected, and there are no associated or localizing neurological symptoms or signs,
with periorbital pain either being present or absent. The main causes of acquired IONP—
which includes the third, fourth, and sixth cranial nerves—are microvascular ischemia and
inflammatory disorders in adults. The other causes are categorized into aneurysm, stroke,
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trauma, neoplasm, carotid cavernous fistula, undetermined,
and others."

Microvascular ischemic IONP (ilONP) is diagnosed based
on clinical presumption. It has been assigned frequently in
patients aged =50 years with certain vascular-disease risk
factors (VRFs), whose MRI brain scan and laboratory tests
did not reveal an alternative cause, and whose symptoms and
signs often resolved spontaneously within 3 months.">**

However, we have found contrast enhancement of the oc-
ulomotor nerve in MRI of the cavernous sinus in most ilO-
NP patients, while brain MRI of these patients has produced
normal findings. In 2013, Tamhankar et al.? similarly found
enhancement of the oculomotor nerve in one of their [IONP
patients, but the clinical significance of the enhancement
was not explained.

The present retrospective study was performed to reassess
clinically iIONP patients and investigate the associations
with the enhancement of the oculomotor nerves, VRFs, and
inflammatory factors. We estimated the effects of steroids
on patients with enhanced oculomotor nerves.

METHODS

The study recruited all of the patients who were discharged
with a recorded diagnosis of ‘ischemic oculomotor nerve
palsy’ or ‘diabetic oculomotor nerve palsy’ in the neurology
department of our hospital from 2017 to 2019. We excluded
patients who 1) had definite autoimmune diseases, such as
connective-tissue disease, 2) did not recover within 3
months, as determined in telephone follow-ups, 3) were lost
to follow-up, or 4) had incomplete data. We finally enrolled
45 IONP patients who had no prior history of orbital dis-
eases, congenital oculomotor palsy, cranial trauma, brain-
stem infarction, nuclear or supranuclear disorders, aneu-
rysm, intracranial space-occupying lesion, neuromuscular
junction disorders, or Miller-Fisher syndrome during the
hospitalization period.

The VRFs were defined as aged >65 years, diabetes melli-
tus (DM), hypertension, atherosclerosis, previous stroke or
myocardial infarction, coronary artery disease, and smok-
ing. The total VRF score was calculated for each patient
based on each of the above terms counting as 1 point, except
for the age term scored as 2 points if the age was >75 years.

The inflammatory factors investigated in this study were
periorbital pain, elevated C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR), the neutrophil-to-
lymphocyte ratio (NLR), and the platelet-to-lymphocyte ra-
tio (PLR). The cerebrospinal fluid (CSF) IgG synthesis rate
and oligoclonal bands of patients who received lumbar punc-
tures were also recorded.
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All of the MRI images of the brain and cavernous sinus of
these patients were read again by experts of radiology and
neurology to reconfirm the results. The main MRI sequences
for the cavernous sinus’ were thin-section, fat-suppressed,
T1-weighted sequences in the axial and coronal planes after
intravenously injecting gadolinium-based contrast material.
The section thickness was 3 mm. Different imaging manifes-
tations of the oculomotor nerve between the left and right
sides could indicate the presence of pathological changes.

Eight of the 45 patients received methylprednisolone ther-
apy. All patients were treated with methylcobalamin or ade-
nosine cobalamin, aspirin, and statin. Their blood pressure
and glucose levels had also been controlled.

To assess the effects of steroids, we scored the degree of oc-
ulomotor nerve palsy in all patients on the first and last hos-
pital days according to the physical examination records and
the Ocular Motor Nerve Palsy Scale."” The difference in the
scores on the two days corresponded to the improvement
score for each patient. The score was obtained using the five
assessment items. Because of the lack of data for maximum
deviation angle, diplopia was dichotomized into two levels:
presence and absence. The other items had three to five levels
based on the degrees of inward, upward, and downward eye
movements, the size of the eyelid fissure, the size of the pupil,
and the sensitivity of the pupillary light reflex.

Appropriate descriptive statistics, Mann-Whitney tests,
and Kruskal-Wallis tests were applied using the Statistical
Package for the Social Sciences (version 24 IBM Corp., Ar-
monk, NY, USA), with p<0.05 considered significant.

The study was performed in accordance with the ethical
standards of the ethics committee of Beijing Tongren Hos-
pital of Capital Medical University (Institutional Review
Board number: TRECKY2020-112) and with the 1964 Hel-
sinki Declaration and its amendments or comparable ethi-
cal standards.

RESULTS

The 45 patients included in this study comprised 35 males
(77.8%) and 10 females (22.2%) aged 63.07£11.47 years
(meantstandard deviation), with 23 (51.3%) of the patients be-
ing older than 65 years. The oculomotor nerves were enhanced
in MRI images of the cavernous sinus in 32 (71.1%) patients
(Fig. 1), who were allocated to group A, while group B com-
prised those patients without oculomotor nerve enhancement.
DM was present in 36 (80.0%) of the patients: 27 (84.4%)
patients in group A and 9 (69.2%) patients in group B. How-
ever, no significant difference was found after applying conti-
nuity correction in the chi-square test (p=0.459). The preva-
lence of atherosclerosis (68.9%), hypertension (60.0%), and
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Fig. 1. The oculomotor nerve in MRI. Enhancement of the oculomotor nerve in MRI of the cavernous sinus (A-F). The inferior branch of the oculo-

motor nerve with its internal rectus and inferior rectus ends was enhanced (A and B). It was difficult to find the lesion in an T1-weighted sequence
(G), T2-weighted sequence (H), and contrast-enhanced sequences without fat suppression (I and J).

smoking (44.4%) were lower than DM, while fewer of the
patients had previous stroke or myocardial infarction (20%)
or coronary artery disease (6.7%). The prevalence rates of
these conditions did not differ significantly between the two
groups (Table 1).

The total VREF score, fasting plasma glucose, and glycohemo-
globin level were also compared between the two groups,
which did not reveal any significant correlation between these
factors and the enhancement of the third nerve in Mann-Whit-
ney tests (p=0.837, 0.745, and 0.224, respectively) (Table 2).

Six inflammatory factors were collected. We found that peri-
orbital pain was more common in group A (78.1%, p=0.081),
which was similar to the finding of Tamhankar et al.> Most of
the CRP levels were normal in both groups. The proportion of
patients with an elevated ESR was 46.2% in group B and 15.6%
in group A, but this difference was not significant (p=0.076).
Lumbar puncture was applied to five patients in group A,
which revealed slight elevations in CSF protein and IgG synthe-
sis rate in four of them. Their CSF pressures, cell counts, and
microbiology-test findings were normal, and none of them had
positivity for oligoclonal bands or for serum antiganglioside
antibodies. The NLR, which is a new inflammation marker,
was 1.91+1.63 in group A and 2.03£1.45 in group B (p=0.679),
while the PLR was marginally higher in group A than in group
B (p=0.540) (Table 3). The absolute levels of neutrophils, lym-
phocytes, and platelets were 3.93+1.40x10°/L, 2.29+0.66x10°/
L, and 208.59+56.95x10°/L, respectively, in group A and
3.80+1.62X10%/L, 2.24+0.94x10°/L, and 186.08+52.20x10°/L,
respectively, in group B. There were also no significant inter-
group differences in these parameters.

Eight patients in group A received 80 mg of methylprednis-
olone in addition to the routine therapy. Their median admis-
sion score for the degree of oculomotor nerve palsy was 7.5
[interquartile range (IQR)=>5.8], and this did not differ signifi-
cantly from those who only received the routine therapy in

Table 1. Distribution of patients with each VRF in groups A and B

VRF Group A (n=32) Group B (n=13)

Age >65 years 17 (53.1) 6(46.2)
Diabetes mellitus 27 (84.4) 9(69.2)
Hypertension 19 (59.4) 8(61.5)
Atherosclerosis 21 (65.6) 10 (76.9)
Previous stroke or

- . 7(21.9) 2(15.4)

myocardial infarction

Coronary artery disease 2 (6.3) 1(7.7)
Smoking 14 (43.8) 6(46.2)

Data are n (%) values.
VRF: vascular-disease risk factor.

Table 2. Differences in VRFs between the two groups

VRF Group A Group B p
Fasting plasma glucose 6.0[2.2] 5.7[3.2] 0.745
Glycohemoglobin level 7.4[2.4] 69[2.7] 0.224
Total VRF score 30[2.5) 3.0[2.5) 0.837

Data are median [interquartile range] values.
VRF: vascular-disease risk factor.

Table 3. Comparison of inflammatory factors between the two groups

Inflammatory factor Group A Group B p
Periorbital pain 25 (78.1) 6(46.2) 0.081*
Elevated CRP 4(12.5) 1(7.7) 1.000*
Elevated ESR 5(15.6) 6(46.2) 0.076*
Elevated IgG synthesis rate 4/5 -

NLR 1.6[0.9] 15014 0679
PLR 94.3[457] 948[86.7] 0.540

Data are n, n (%), or median [interquartile range] values.

*chi-square test, *Mann-Whitney test.

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, NLR:
neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio.

group A (median=8.0, IQR=5.5) and group B (median=8.0,

IQR=7.5) (p=0.610). The condition of most of the patients
improved when they were discharged. The median improve-
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ment score of the eight patients in group A who received 80
mg of methylprednisolone was 3.5 (IQR=4.6), and for the
other patients in group A and the patients in group B, they
were 2.5 (IQR=3.0) and 2.0 (IQR=3.0) respectively. However,
there was no significant difference according to the Kruskal-
Wallis test (p=0.485) (Fig. 2).

DISCUSSION

Studies have shown that microvascular ischemia is the most
common cause of the acute IONP, and found that the brain
MRI scans of the ilONP patients are normal. MRI of the cav-
ernous sinus using thin-section, fat-suppressed, T1-weighted
sequences and contrast-enhanced sequences could clearly
reveal the oculomotor nerve.” Most (71.1%) of the patients
who were diagnosed as ilONP had enhancement of the third
nerve in MRI of the cavernous sinus. We also read the MRI
images of 48 patients with abductor nerve palsy and 18 with
trochlear nerve palsy who were hospitalized during the same
period, and only 1 of them had an enhanced oculomotor
nerve at the same time.

The clinical significance of gadolinium enhancement of
the oculomotor nerve in iIONP patients has not been re-
ported previously. Only three autopsies of diabetic oculomo-
tor palsy patient had been reported previously. In 1970, We-
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Fig. 2. Improvement scores in different groups with different thera-
pies. The improvement score of the eight patients who received 80 mg
of methylprednisolone in addition to the routine therapy appeared to
be higher than the scores of the other patients who received routine
therapy in groups A and B (p=0.485). Each box plot shows the median,
first and third quartiles, and range.
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ber et al."! reported on an autopsy of a patient with presumed
diabetic oculomotor palsy. The lesion was found in the sub-
arachnoid portion of the nerve, and was associated with a
significant reduction in myelin staining, milder injury of the
axons, and hyaline thickening of the vasa nervorum. The
other two previous autopsies of the oculomotor nerve per-
formed by Dreyfus et al."? and Asbury et al.” both found in-
jury in the intracavernous portion of the nerve, and the pa-
thologies were similar to those found by Weber et al."' that
suggested chronic vascular changes. However, there was no
description of inflammatory cells.

All of the present patients had VRFs and 80.0% of them had
DM. The total VRF score, fasting plasma glucose, and glyco-
hemoglobin level did not differ significantly between the two
groups. It appears that ischemic exposure might not be a criti-
cal factor in the formation of the enhancement, which has also
been found in diabetic lumbosacral radiculoplexus neuropa-
thy (DLRPN)."*"* However, MRI of the lumbosacral plexus in
DLRPN patients revealed inflammation within bilateral sciatic
and femoral nerves, with a T2 signal without enhancement.'
Some studies have also found that the early application of im-
munosuppression may hasten recovery and improve symp-
toms."” The pathology of DLRPN was typical of that of isch-
emic injury due to microvasculitis."

The good prognosis of the disease and the importance of
the nerve meant that we did not obtain pathological results.
Instead, we used six inflammation biomarkers to explore
whether microvasculitis or inflammation played an impor-
tant role in the observed enhancement. The periorbital pain
was not correlated with the enhancement in this study, but we
did notice that patients with enhanced oculomotor nerve had
worse and longer-lasting pain. Future research should investi-
gate whether the degree and duration of periorbital pain is a
significant indicator of inflammation.

The CRP level was normal in most of the patients in this
study, which differs from classical inflammatory and infec-
tious diseases. The proportion of patients with an elevated
ESR did not differ significantly between the two groups.
Three of the 11 patients with an elevated ESR had microalbu-
min in their urine. Considering that the ESR can also be ele-
vated in DM, nephrotic syndrome, and hypercholesterolemia,
metabolic disorders may play an important role in increasing
the ESR in ilONP patients.

The NLR and PLR have been used as new inflammatory
factors in recent years."® An elevated NLR is associated with
the functional immune status of chronic inflammation, and
may be an independent risk factor for diabetic peripheral
neuropathy” and nonarteritic anterior ischemic optic neu-
ropathy.” The PLR denotes the presence of inflammation in
cardiovascular disease* and many inflammatory disease and



cancers, such as Behget’s disease? and endometrial carcino-
ma.” A high neutrophil value is a marker of a nonspecific in-
flammatory process, while a low lymphocyte value indicates
inadequate immune regulation.”* The present study found
that the NLR, PLR, and numbers of neutrophils, lympho-
cytes, and platelets were not significantly associated with the
enhancement of the oculomotor nerve.

Four out of five patients had an elevated CSF IgG synthesis
rate and negativity for oligoclonal bands. The elevated syn-
thesis of CSF IgG was probably associated with the damaged
oculomotor nerve, since this nerve travels through the brain
cisterns before reaching the cavernous sinus. Lesions in dif-
ferent sections of the nerve may lead to different results for
the CSF IgG synthesis rate.

The eight patients who received 80 mg of methylprednis-
olone in addition to the routine therapy showed numerical-
ly higher improvement scores, but the difference was not
statistically significant. These patients also should fluctua-
tions in their blood glucose levels.

No significant inflammatory factors were found. However,
the enhancement in MRI (which differed from diabetic neu-
ropathy), the elevated CSF IgG synthesis rate, and the higher
improvement scores with steroid treatment might be indica-
tors of inflammation. Inflammation is a cardinal pathogenic
mechanism underlying diabetic neuropathy and atheroscle-
rosis that involves many inflammatory molecules and path-
ways such as inflammatory cytokines, adhesion molecules,
chemokines, and nuclear factor kappa B.** The inflamma-
tion associated with ilONP is probably of low grade, and the
lesion is confined to the unilateral oculomotor nerve. Future
studies should attempt to identify more-sensitive inflamma-
tion biomarkers and pathologies for detecting ilONP.

Finally, it is worth considering the disease from another
viewpoint. Many doctors will consider Tolosa-Hunt syn-
drome (THS) as an alternative diagnosis in a patient present-
ing with acute oculomotor nerve palsy and periocular pain.
According to the International Classification of Headache
Disorders-3,” the diagnosis of THS requires the presence of
granulomatous inflammation in MRI or a biopsy. However,
some cases are clinically diagnosed as THS with normal MRI
findings, which have been named as benign THS. The bor-
der between diabetic ophthalmoplegia and THS with DM
remains unclear.”* The pathological mechanism is used the
basis for diagnosing and treating, and it is possible that ilO-
NP and THS are two sides of the same cause—this suggests
that it is time to stop considering THS.”!
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