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Purpose: An immediate neuroimaging investigation in patients with isolated oculomotor

nerve palsy (ONP) remains controversial. We aimed to develop a clinical prediction score to

determine whether or not acquired isolated ONP patients require prompt imaging.

Methods: A retrospective study was performed. Demographic data and clinical presenta-

tions were collected to determine predictive factors favored for early brain imaging using

multivariate logistic regression analysis.

Results: Ninety-seven eyes of 96 patients diagnosed with isolated ONP were included.

Forty-one eyes (42.3%) were caused by ischemia, while the other 56 eyes (57.7%) were

caused by non-ischemic etiologies, namely aneurysm (n = 22), trauma (n = 18), inflammation

(n = 5), tumor (n = 4), and others (n = 7). Eighty-two eyes (84.5%) had undergone

neuroimaging study due to initially suspected non-ischemic causes. Only 36 (43.9%)

revealed concordant diagnosis. The potential clinical predictors favored for neuroimaging

using multivariate logistic regression analysis were age 10‒50 years (adjusted odds ratio

[aOR] 9.01, 95% CI: 1.25‒64.8), age 51‒70 years (aOR 1.71, 95% CI: 0.46‒6.35), history of

head trauma (aOR 7.14, 95% CI: 1.19‒42.9), absence of vascular risk factors (aOR 3.85,

95% CI: 1.23‒12.1), and poor pupillary response (aOR 6.96, 95% CI: 1.99‒24.3). The

predictor scores with an area under the ROC curve of 0.852 were 4, 1, 4, 3, and 4,

respectively. The optimum cut-point was 3 for a sensitivity of 96% and specificity of 44%.

Conclusion: Patients with acquired isolated ONP should be considered early neuroimaging

studies when they are younger than 50 years old, have a history of head trauma, have no

history of vascular risk factors, or have poor pupillary reaction.
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Introduction
Isolated oculomotor nerve palsy (ONP) is quite common in general practice. Various

causes ofONPhave been described in several studies, for instance ischemia, compression

from aneurysm or tumor, and trauma.1–4 Ischemia was the most common etiology with

spontaneous recovery, and it was presumed based on some helpful clinical clues before

imaging became available.2,3,5,6 Nowadays, high quality neuroimaging studies, such as

computed tomography (CT), magnetic resonance imaging (MRI), magnetic resonance

angiography (MRA), and angiogram, have played a more important role aiding the

diagnosis. Consequently, more serious but treatable causes were identified including

intracranial aneurysm, tumor, inflammation, infection, and brain stem infarction.7–10

However, controversy remains as to which patients require an immediate neuroimaging

study.9–15 The objective of this study was therefore to determine the predictive factors of

clinical characteristics of acquired isolatedONP patients for an early neuroimaging study.
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Materials and Methods
Patients
This was a retrospective review of all acquired isolated

ONP patients who visited neuro-ophthalmology, neuro-

medicine, and neurosurgery clinics at Songklanagarind

Hospital, Prince of Songkla University, Songkhla,

Thailand from July 1, 2003 to April 30, 2017. Ethics

approval was obtained from The Human Research Ethics

Committee, Faculty of Medicine, Prince of Songkla

University. The ethics committee determined that written

consent was not required as risk of this research was not

greater than minimal risk and the waiver will not adversely

affect the rights and welfare of study participants. The

patient data was also maintained with confidentiality and

in compliance with the Declaration of Helsinki. The

patients were identified according to the diagnostic criteria

of third (oculomotor) nerve palsy by ICD-10 (H49.0). The

excluded patients had associated cranial nerve II, IV, V,

VI, or VII involvement, congenital ONP, and other causes

of diplopia and ptosis, eg, ocular myasthenia gravis and

thyroid-associated orbitopathy. Ninety-seven eyes of 96

patients with acquired isolated ONP were included. Since

the diagnosis was based on the clinical presentation, neu-

roimaging investigations were not a prerequisite. The

patients were classified into two groups according to the

etiology: ischemic or non-ischemic. The patients with

clinical characteristics suggestive of an ischemic cause,

eg, >50 years old, underlying atherosclerotic disease, no

pupillary involvement, and negative neuroimaging study

results (if present) were categorized into the ischemic

group.9–11 The non-ischemic group included other causes,

ie, aneurysm, trauma, tumor, inflammation, and others.

Traumatic ONP was defined as immediate onset after

head trauma. Neuroimaging investigations; for example,

computed tomography (CT), magnetic resonance imaging

(MRI), computed tomographic angiography (CTA), mag-

netic resonance angiography (MRA), digital subtraction

angiogram and their diagnostic concordance were also

collected.

Clinical Predictors
Demographic data, clinical manifestations, including ocu-

lar and neurological symptoms, underlying diseases, cur-

rent aspirin use, history of smoking, initial eye

examinations including best-corrected visual acuity

(BCVA, measured by logMAR or the log of the minimum

angle of resolution), pupillary involvement, motility

deficits, and ptosis parameters were collected and analyzed

to identify significant correlations between these para-

meters and according to the etiology. The coexisting com-

mon vascular risk factors were defined as present if the

patent had an underlying disease such as diabetes mellitus,

hypertension, dyslipidemia, coronary artery disease, or

stroke defined by the diagnosis of an internist or according

to the current medications. Based on the presented sce-

nario, we categorized patients into three groups: 1) com-

plete or incomplete ONP with pupillary involvement; 2)

incomplete ONP with pupil sparing; and 3) complete ONP

with pupil sparing. Pupillary involvement was defined as

one of the following: presence of anisocoria >1 mm or

sluggish or no pupillary response.6,16 Complete motility

deficit was defined as 100% limitation of eye movement.8

Complete ptosis was defined as complete weakness of the

levator palpebrae superioris muscle.9,11

Statistical Analysis
R (R Core Team, 2019) was used for all analyses.17 We

used a multiple imputation method to impute missing data.

To compare between the two groups, Student’s t-test,

Pearson’s chi-square test or Fisher’s exact test was used.

The initial multivariate analysis included variables with p

values <0.2 from the univariate analysis. The potential

predictive factors for non-ischemic cause were then ana-

lyzed by multivariate logistic regression analysis and are

shown as adjusted odds ratios which were significant when

the 95% confidence intervals did not include a value of 1.

The coefficients from the model were multiplied by two

and rounded to the nearest integer to create a prediction

score.

Results
Baseline Characteristics
Ninety-seven eyes of 96 patients (48 males and 48 females)

were included in this study. The mean age of all patients at

diagnosis was 57.6 ± 16.1 years (median 59.1 years, range

10.7‒93.6 years). Ninety-five patients (98.9%) were affected

unilaterally. Forty-one eyes (42.3%) were caused by ische-

mia while the other 56 (57.7%) were caused by non-ischemic

etiologies including aneurysm (n = 22), head trauma (n = 18),

inflammation (n = 5), tumor (n = 4), postoperative intracra-

nial surgery (n = 3), subdural hematoma causing uncal her-

niation (n = 1), stroke of midbrain (n = 1), and undetermined

cause (n = 2). The aneurysm causes included posterior com-

municating artery aneurysm (n = 21) and right cavernous
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internal carotid artery (ICA) aneurysm (n = 1). The tumor

causes included cavernoma of the midbrain (n = 1), caver-

nous meningioma (n = 1), brain metastasis (n = 1), and sellar

chordoma (n = 1). The inflammation causes included neuritis

(n = 2), pachymeningitis (n = 2), and post-viral infection with

history of preceding upper respiratory tract infection (n = 1).

Table 1 shows the characteristics of the 41 eyes in the

ischemic group and the 56 eyes in the non-ischemic group.

Age was significantly different between the two groups.

Patients with ischemic ONP were predominantly older

(>50 years old). From the initial evaluation, history of

ptosis and head trauma, underlying diseases associated

with vascular risk factors, and pupil examination including

pupil size, anisocoria, and reaction to light were statisti-

cally different between the two groups. In contrast, BCVA,

the duration of diplopia and ptosis, degree of motility

deficit, and ptosis were similar in both groups. Based on

clinical presentation: 55 patients had complete or incom-

plete ONP with pupillary involvement, 15 had incomplete

ONP with pupil sparing, and 10 had complete ONP with

pupil sparing. In the pupillary involvement group, 17 of 55

eyes (30.9%) had ONP caused by ischemia. In the pupil

sparing group, 6 of 15 eyes (40%) had incomplete ONP

and 3 of 10 eyes (30%) had complete ONP caused by non-

ischemia.

Clinical Predictors
Table 2 presents the predictors for non-ischemic ONP

based on the multivariate logistic regression model. The

only significant factors were age group, history of trauma,

absence of vascular risk factors, and pupillary reaction.

The receiver-operator characteristic curve for the final

logistic regression model in Figure 1 showed an area

under the curve of 0.852.

The scores for each predictor of age 10‒50 years, age

51‒70 years, history of head trauma, absence of vascular

risk factors, and sluggish/no pupillary response were 4, 1,

4, 3, and 4, respectively, otherwise the score was 0

(Table 2). Summation of each predictor score resulted in

a final predictive score for each patient. The resultant

mean (SD) score was 6.4 (4.3) (range 0‒15). The optimal

cut-point that maximized the sensitivity and specificity

was 7.0. However, this cut point resulted in a sensitivity

of only 66% and a specificity of 88%. In order to increase

the sensitivity, we chose a cut-point of 3.0 to give a

sensitivity of 96% while the specificity decreased to 44%.

Neuroimaging
At the initial presentation, 82 eyes (84.5%) underwent or

were scheduled for a neuroimaging study due to suspected

non-ischemic cause. The neuroimaging investigations con-

sisted of MRI (49 eyes), CT (43 eyes), MRA (34 eyes),

CTA (13 eyes) and digital subtraction angiogram (35

eyes). Only 36 eyes (43.9%) revealed a concordant diag-

nosis. The intracranial aneurysms were detected on CTA

and MRA (Figure 2A) followed by angiogram (Figure 2B)

in 4, and 8 eyes, and on CT or MRI followed by angio-

gram in 10 eyes, respectively. Other etiologies of ONP

included, trauma, tumor and inflammation, which were

evaluated by MRI in 16 eyes and CT in 15 eyes. Among

the 46 eyes with a discordant diagnosis, 11, which were

initially diagnosed as non-ischemia, due mostly to pupil-

lary involvement, were later confirmed as ischemia.

Fifteen of 97 eyes (15.5%) did not have initial imaging,

of which 4 underwent neuroimaging (MRI with CTA or

MRA) due to clinical worsening during the patient’s fol-

low-up visits. In these patients ONP was caused by

ischemia.

Discussion
In our study, ischemia was the main cause of ONP,

followed by aneurysm, head trauma, tumor, and inflam-

mation. These results were similar to another population-

based study, but the presumed microvascular cause was

followed by trauma, compression from neoplasm, post-

neurosurgery, and lastly compression from aneurysm.18

In contrast to another study conducted in Thailand,

trauma was the major cause followed by ischemia.19

It is known that clinical clues can be helpful to

determine the cause of isolated ONP. Similar to previous

studies, 30.9% of pupil-involved ONP was caused by

ischemia.13,20,21 This might lead to an overuse of the

investigation. While Chou et al found that up to 50% of

pupil-spared patients with incomplete motility deficit

were caused by non-ischemia, we found a lower preva-

lence of 40% with incomplete and 30% with complete

motility deficit.13 These patients might need an immedi-

ate imaging study. Therefore, sparing of the pupil alone

cannot definitely differentiate a non-ischemic cause.

Delay in treating some causes, such as aneurysm, can

be fatal. Early neuroimaging can be useful, though rou-

tine use remains impractical. Therefore, defining the

right etiology at presentation is problematic.
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Our study described the clinical characteristics that distin-

guish patients with ischemic ONP from non-ischemic ONP.

Various studies have found an association between the

patient’s age and risk of ischemia.13–15 Likewise, we found

that the majority of ischemic patients were >50 years old.

However, in the 10–50 years age group, history of head

trauma, absence of vascular risk factors, and a sluggish or

non-reactive pupil to light were found to be parameters

Table 1 Comparison of Demographic Data and Clinical Manifestations in Ischemic and Non-Ischemic Oculomotor

Nerve Palsy

Characteristic Ischemic (n = 41) Non-Ischemic (n = 56) P value

Age group (years) <0.001a

10‒50 3 (7.3) 23 (41.1)

51‒70 24 (58.5) 27 (48.2)

71‒100 14 (34.1) 6 (10.7)

Gender 0.062

Male 25 (62.5) 23 (41.1)

Female 15 (37.5) 33 (58.9)

Diplopia 28 (68.3) 29 (51.8) 0.155

Duration of diplopia (days), mean (SD) 32.6 (79.3) 412.0 (1744.7) 0.273

Ptosis 39 (95.1) 43 (76.8) 0.029a

Duration of ptosis (days), mean (SD) 21.9 (60.2) 57.5 (123.3) 0.109

Eye pain 14 (34.1) 13 (23.2) 0.338

Headache 23 (56.1) 32 (57.1) 1

Previous head trauma 2 (4.9) 18 (32.1) 0.002a

Vascular risk factors (any) 34 (82.9) 18 (32.1) <0.001a

Stroke 8 (19.5) 1 (1.8) 0.004a

Diabetes mellitus 18 (43.9) 6 (10.7) <0.001a

Hypertension 27 (65.9) 16 (28.6) <0.001a

Dyslipidemia 14 (34.1) 4 (7.1) 0.002a

Coronary artery disease 4 (9.8) 2 (3.6) 0.238a

Currently taking aspirin 8 (19.5) 4 (7.1) 0.13

Smoking 11 (26.8) 16 (28.6) 1

BCVA (logMAR), mean (SD) 0.5 (0.5) 0.4 (0.4) 0.209

Ptosis 36 (97.3) 44 (91.7) 0.382

Eye motility deficit 38 (100) 47 (94) 0.255

Pupil size in affected eye (mm), mean (SD) 3.7 (1.1) 5.0 (1.5) <0.001a

Anisocoria (mm), mean (SD) 1.0 (1.0) 2.3 (1.5) <0.001a

Pupillary reaction <0.001a

Normal reaction 21 (58.3) 9 (18)

Sluggish/no response 15 (41.7) 41 (82)

Clinical presentation 0.016a

Complete/incomplete ONP with pupillary involvement 17 38

Incomplete ONP with pupil sparing 9 6

Complete ONP with pupil sparing 7 3

Notes: Data are presented as n (%) unless indicated otherwise. ap value < 0.05.

Abbreviations: ONP, oculomotor nerve palsy; BCVA, best-corrected visual acuity; SD, standard deviation.
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associated with non-ischemia and therefore patients with these

indicators should be considered for initial neuroimaging stu-

dies. In this study, the scoring system using an appropriate cut-

point was determined to give high sensitivity so that the non-

ischemic cause, especially aneurysm, was less likely to be

missed. Patients with a score >3.0 should be suspected of

having non-ischemia. With a sensitivity of 96%, the two

misclassified patients in the ischemia group included brain

metastasis and ICA aneurysm. Both patients presented with

progressive ONP with good pupillary response for the past

several months and had underlying diseases such as lung

cancer, dyslipidemia, hypertension, and coronary artery dis-

ease. We considered these patients as an outlier who had

unusual clinical manifestations with a clue suggestive of com-

pression more than ischemia.

Similar to our scoring system, it is widely accepted that

early neuroimaging be performed in acquired isolated ONP

patients who are <50 years old.6 Among those >50 years old,

the role of neuroimaging is still controversial.9–14 Two stu-

dies in acute isolated ocular mononeuropathies showed

opposite results.13,15 Both studies included patients who

were >50 years old with no history of cancer, neurological

or orbital disease, or history of head trauma. Focusing on

ONP only, Chou et al found a 13.8% (4/29) incidence of

other identifiable etiologies which were comprised of neo-

plasm (n = 1), brain stem infarction (n = 1), and posterior

communicating (n = 2).13 Considering the significance of the

finding, the author favored performing neuroimaging in all

patients. On the other hand, Murchinson found no lesions

fromMRI in 14 patients with ONP and concluded that it was

not cost-effective to perform MRI in all patients.15 Unlike

those two studies, we included patients in all age groups and

also those who had a neurological condition and a history of

cancer or trauma to demonstrate the overall prevalence.

Since our study considered the association with other factors

to calculate a final score, making a decision to perform initial

neuroimaging is easier.

The presence or absence of vascular risk factors was

considered in the scoring system. Several previous studies

reported strong associations between vascular risk factors

and ischemic etiology but failed to demonstrate any signifi-

cant individual factors and microvascular etiology.6,13,14,21

Trends were seen for diabetes and hypertension only. We

found that up to 32.1% of patients in the non-ischemic

group also had at least one vascular risk factor. This rate

was lower than reported by Chou et al (50%) and

Tamhankar et al (60%) which can be explained by their

inclusion of patients aged ≥50 years.13,14

Tamhankar et al found that up to 60% of patients

with isolated ONP experienced pain or headache, while

Table 2 Final Multivariate Logistic Regression Predicting Non-Ischemia and Scoring System

Factors aOR (95% CI) P value (Wald’s test) P value (LR-test) Coefficient Score

Age group: >70 years 1 0.06 – 0

51‒70 1.71 (0.46‒6.35) 0.42 0.54 1

10‒50 9.01 (1.25‒64.8) 0.03 2.20 4

Trauma: no 1 0.015 – 0

Yes 7.14 (1.19‒42.9) 0.03 1.97 4

Vascular risk factors: yes 1 0.018 – 0

No 3.85 (1.23‒12.1) 0.02 1.35 3

Pupillary reaction: normal 1 <0.001 – 0

Sluggish/no reaction 6.96 (1.99‒24.3) 0.002 1.94 4

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; LR, likelihood ratio.

Figure 1 Receiver operator characteristic curve for the final logistic regression

model.
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our results revealed that 27.8% of patients had eye pain

and 56.7% had headache.14 Both eye pain and headache

are common symptoms and can be reported in both ische-

mia and aneurysm making it impossible to distinguish

these two etiologies, similar to our study.9,10,14,21

In the past, we evaluated patients with ONP, and deter-

mined the etiologies from clinical clues.13,15 Nowadays,

modern and non-invasive neuroimaging studies have been

widely available and accepted.11,22,23 In our study, the rate

of performing neuroimaging was high, which was similar

to previous studies.5,11,12,14,22 We also demonstrated the

usefulness of CTA or MRA, to detect intracranial aneur-

ysms was comparable to conventional angiograms. It is by

now generally accepted that both CTA and MRA have

high accuracy rates for detection of aneurysms larger

than 3 mm.22,24-27 Additionally, the cost is relatively low

compared with angiograms.24,26 However, digital subtrac-

tion angiography is the gold standard to diagnose intracra-

nial aneurysm, previously, it also has a low potential risk

of neurologic complications.22,24-28

If we performed neuroimaging in all patients suspected

of non-ischemic cause from the scoring system with a cut

point of 3.0, 79.4% would have undergone a neuroimaging

study at initial presentation with 70.1% having a concor-

dant diagnosis. Compared to what our results revealed

(84.5% with initial neuroimaging study and 43.9% with

concordant diagnosis), the frequency of performing a neu-

roimaging study is lower while the rate of concordance is

much higher.

Since our study was conducted retrospectively, some

patients were lost to follow-up and therefore we had

missing data. We compensated this problem by using a

multiple imputation method. Also, the patients in our study

were recruited from a tertiary referral center, which can

result in a selection bias. The referring physicians might

have clinical clues that led them to seek additional con-

sultation and therefore more serious etiologies might have

been identified. Some physicians might refer the patients

because the initial neuroimaging results revealed an under-

lying lesion. Therefore, these results might not reflect

population-based data.

Conclusion
The scoring system developed from this study should be

used to consider early neuroimaging to bridge the gap

between the patient’s expectations from investigations

and the doctor’s fear of missing treatable etiologies. With

the high sensitivity of 96%, the non-ischemic cause, espe-

cially aneurysm, is less likely to be missed. Also, the

predictive score is practical and requires only a medical

history and fundamental eye examination obtained by a

general practitioner. Patients with a score <3.0 should be

closely observed to prevent performing unnecessary

neuroimaging.
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Figure 2 (A) MRA demonstrating a left posterior communicating artery aneurysm (arrow), (B) Digital subtraction angiogram demonstrating a lobulated aneurysm (arrow)

at left posterior communicating artery origin.
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