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Abstract
Purpose To describe the causes of third, fourth, and sixth cranial nerve palsies in children and adolescents.
Methods In this retrospective case series, a total of 66 patients aged 0–19 years with third, fourth, and sixth cranial nerve
palsies seen in strabismus and neuro-ophthalmic practice from 2010 to 2017 were included. Causes of palsies were
determined based on clinical assessment, high-resolution magnetic resonance imaging (MRI), and laboratory work-up.
Results Thirty-five patients had sixth cranial nerve palsy, 14 patients had third cranial nerve palsy (7 partial, 7 complete),
13 patients had fourth cranial nerve palsy, and 4 patients had combined cranial nerve palsies in this study. Neoplasia
involving central nervous system was one of the most common causes of third, fourth, and sixth cranial nerve palsies both in
children (age: 0–14 years) and adolescents (age: 15–19 years) (20% and 31%, respectively). Overall, neoplasia (23%) was
the most common cause of acute third, fourth, and sixth cranial nerve palsies, followed by idiopathic cause (14%),
inflammation (11%), and non-aneurysmal vascular contact (11%). Neoplasia was also the most common cause of sixth and
third cranial nerve palsies (25% and 29%, respectively). The most common cause of fourth cranial nerve palsy was late
decompensation in congenital fourth cranial nerve palsy (46%).
Conclusions A substantial proportion of pediatric and juvenile patients had serious pathologies for third, fourth, and sixth
cranial nerve palsies. If nerve palsies are indicated, prompt diagnosis of etiologies using high-resolution MRI with contrast
and laboratory work-up are important for this disease population.

Introduction

Acquired isolated third, fourth, and sixth cranial nerve
palsies are rarer entities in children and adolescents com-
pared with those in adults. One population-based study has
reported an estimated annual incidence of 7.6 per 100,000
[1]. Since the 1970s, several studies have reported causes
of third, fourth, and sixth cranial nerve palsies in children
[1–11]. Studies have generally agreed that acquired ocular
motor nerve palsies in children could be regarded as

ominous sign for serious pathologies. Regarding sixth cra-
nial nerve palsy, neoplasia or trauma has been reported to be
the leading cause in pediatric population [2–4, 6, 7, 10]. The
proportion of neoplasia involving central nervous system
has been reported to be 19–45% in these studies. Such wide
range of neoplasia might be owing to difference in study
settings. In third cranial nerve palsy, trauma has been
reported to be the most common acquired cause in pediatric
population in most studies [1, 6, 8, 9, 11]. Neoplasia has
been reported to be a cause of third cranial nerve palsy in
14–21% of pediatric patients [1, 6, 8, 9, 11]. In addition to
various types of neoplasia, serious pathologies including
meningitis, encephalitis, intracranial aneurysm, and poison
intoxication have been reported to be causes of acquired
third nerve palsy in previous studies [1, 6, 8, 9, 11]. For
fourth cranial nerve palsies in pediatric population, the most
common cause has also been reported to be trauma [4, 6].
Neoplasia has been reported to be a cause in 5% of
pediatric patients [6]. The proportion of isolated cases and
not-isolated cases combined with other neurologic signs has
differed between studies. Inclusion criteria were also
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different between studies. Such differences might have
affected the proportion of etiologies in each study.

However, many studies are published before the advent
of modern neuroimaging technique that can display each
cranial nerve. The development of high-resolution magnetic
resonance imaging (MRI) has enabled us to detect pathol-
ogies not detected or diagnosed in the past [12, 13].
Schwannoma of cranial nerves in its early stage and non-
aneurysmal vascular contact [14, 15] are such examples.
The use of three-dimensional steady-state free precession
sequences and modified fully refocused steady-state
sequences such as constructive interference in steady-state
(CISS)/fast imaging employing steady-state acquisition
cycled phases (FIESTA-C)/balanced fast field echo (B-FFE)
has provided augmented visualization of cranial nerves
in vivo.

Prompt and appropriate diagnostic work-up for patients
with cranial nerve palsies is very important owing to
potential of long-term loss of function and life-threatening
condition. The objective of this study was to investigate
causes of acquired onset of third, fourth, and sixth cranial
nerve palsies in pediatric and juvenile patients based on
clinical assessment, high-resolution MRI, and laboratory
work-up.

Methods

A retrospective review was performed for pediatric and
juvenile patients with acquired onset of third, fourth, and
sixth cranial nerve palsies. They were followed-up at Stra-
bismus and Neuro-ophthalmology Department of Samsung
Medical Center from March 2010 to August 2017 according
to tenets of the Declaration of Helsinki. This study was
approved by the Institutional Review Board of Samsung
Medical Center. Patients aged 0–19 years presenting
acquired third, fourth, or sixth cranial nerve palsy were
included. At the initial visit, all patients underwent a full
ophthalmologic assessment, including visual acuity exam-
ination, evaluation of ocular alignment status, slit-lamp
biomicroscopy, and fundus examination. Ocular alignment
was determined by cover test, cover–uncover test, and
prism alternate cover test at fixation of 6-m and 33-cm.
Voluntary ductions were performed for all patients.

MRI or computed tomography image obtained from
outside hospital or other departments before referral was
reviewed if present. High-resolution cranial nerve MRI with
three-dimensional sequences was performed if the etiology
could not be clearly revealed from previous brain images.
MRI was performed using a 3-T system (Philips Achieva 3
T, Philips Medical Systems, Best, The Netherlands) for
all patients with a 32-channel phased-array head coil.
T2-weighted imaging was performed to visualize the entire

brain. Axial T2-weighted imaging was performed using a
turbo spin-echo sequence. Heavily T2-weighted images
were obtained using a three-dimensional volume isotropic
turbo spin-echo acquisition (VISTA) sequence to visualize
the cisternal segment of the cranial nerves. Detailed para-
meters of 3D-VISTA sequence were as follows: repetition
time, 2000 ms; echo time, 242 ms; flip angle, 90°; field of
view 170 × 170 mm; matrix, 284 × 284; section thickness,
0.3 mm; slab thickness, 5.4 cm, and acquisition time, 9 min
and 8 s. Additional three-dimensional balanced turbo field
echo sequence was performed to visualize cisternal segment
of the fourth cranial nerve with the following parameters:
repetition time, 8.2 ms; echo time, 4.1 ms; flip angle, 50°;
field of view, 160 × 160 mm; matrix, 532 × 533; section
thickness, 0.25 mm,; slab thickness, 1.75 cm, and acquisi-
tion time, 4 min and 57 s. After the intravenous injection of
0.1 mmol/kg of gadolinium based contrast material, three-
dimensional turbo field echo sequence with fat saturation
was obtained, using following parameters: repetition
time, 9.6 ms; echo time, 3.18 ms; flip angle, 8°; field of
view, 180 × 180 mm; matrix, 272 × 272; section thickness,
0.5 mm, slab thickness, 8 cm, and acquisition time, 6 min
and 23 s.

The following tests were also performed when the
etiology of cranial nerve palsy was unclear from previous
neuroimaging: test for complete blood cell count, chemistry
panel, serologic tests including syphilis serologic test,
thyroid stimulating hormone receptor antibodies, acet-
ylcholine receptor antibody, and ganglioside antibody
panel. Edrophonium test, neostigmine test, and repetitive
nerve stimulation test were considered for selected cases
based on clinical presentation.

Results

Sixty-six pediatric and adolescent patients were included in
this study (Table 1), including 50 patients aged < 15 years
and 16 patients aged 15–19 years. Their mean age was 9 ± 6
years (range, 0–19 years). Forty-three (65%) patients were
boys and 23 (35%) patients were girls. All patients were
Asians. There were 23 right-sided palsies and 29 left-sided
palsies. Fourteen patients had bilateral third, fourth, or sixth
cranial nerve palsies. Nine of these bilateral cases were
equally paretic on each side. Four cases had primarily right-
sided palsies while one case had primarily left-sided palsy.
There were 35 patients with a sixth cranial nerve palsy,
14 patients with a third cranial nerve palsy (7 partial and
7 complete), and 13 patients with a fourth cranial nerve
palsy. Four patients had combined third, fourth, or sixth
cranial nerve palsies. For 26 patients who presented to our
clinic with previous neuroimaging results, etiologies of
cranial nerve palsy could be identified with conventional
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MRI and/or computed tomography. For the remaining 40
patients who did not have previous neuroimaging or in
whom etiologies of cranial nerve palsies were not clearly
revealed from previous brain images, high-resolution brain
pre- and post-MRI with three-dimensional steady-state free
precession sequences and modified fully refocused steady-
state sequences (CISS) were performed. Tests for complete
blood cell count, chemistry panel, serologic tests including
syphilis serologic test, thyroid-stimulating hormone recep-
tor antibodies, acetylcholine receptor antibody, and gang-
lioside antibody were also performed for a total of 41
patients. Edrophonium test, neostigmine test, and repetitive
nerve stimulation test were performed for three cases based
on their clinical presentations.

The number of patients in each etiologic category of
acquired onset of third, fourth, and sixth cranial nerve
palsies is shown in Table 1.

Sixth cranial nerve palsy

Of 35 subjects with sixth cranial nerve palsy, neuroimaging
and other studies identified neoplasia involving central

nervous system in nine patients (including two patients with
metastatic lesions from previously diagnosed malignancies
and one patient who had surgical removal of brain tumor),
inflammation in four patients, miller fisher syndrome in
three patients, multiple sclerosis in one patient (in whom
palsy was the only presenting sign of the demyelinating
disease), hydrocephalus in two patients, intracranial
hemorrhage in one patient, and chemotherapy induced
leukoencephalopathy in one patient as etiologies for sixth
cranial nerve palsies.

Among six patients with newly diagnosed primary
brain tumor, four patients had glioma (Fig. 1). One patient
with negative conventional MRI result was found to have
neoplasia when repeated high-resolution MRI was per-
formed. Of two patients with metastatic brain tumor, one
patient (19 years old) had been in complete remission for
14 years after chemotherapy, radiotherapy, and sub-
sequent hematopoietic stem cell transplantation for neu-
roblastoma before abrupt development of isolated sixth
cranial nerve palsy. After the diagnosis of metastasis was
made, the patient received surgical resection of metastatic
lesions. The patient has been in complete remission for

Table 1 Characteristics and
underlying etiologies in patients
with acute third, fourth, and
sixth cranial nerve palsies and
comparisons among third,
fourth, and sixth cranial nerve
palsies

Third, fourth, and sixth cranial nerve palsies

Sixth
(n= 35)

Third
(n= 14)

Fourth
(n= 13)

Combined
(n= 4)

Total

Age (mean ± SD) (years) 9 ± 7 7 ± 7 7 ± 5 14 ± 1 9 ± 6

Gender (male/female) 19/17 10/4 10/3 4/0 43/23

Underlying etiologies

Neoplastic 9 (25%) 4 (29%) 2 (15%) 15 (23%)

Gliomatous 4 4

Other primary 2 2 2 6

Metastatic or progression 2 1 3

After surgical resection of brain
tumor

1 1 2

Inflammatory 4 (11%) 3 (21%) 7 (11%)

Intracranial hemorrhage 1 (3%) 1 (7%) 1 (8%) 3 (5%)

Cavernous sinus thrombophlebitis 1 (25%) 1 (2%)

Vascular malformation 1 (7%) 1 (8%) 2 (3%)

Hydrocephalus 2 (6%) 2 (3%)

Multiple sclerosis 1 (3%) 1 (2%)

Chemotherapy induced
leukoencephalopathy

1 (3%) 1 (2%)

Non-aneurysmal vascular contact 6 (17%) 1 (7%) 7 (11%)

Miller Fisher syndrome 3 (8%) 3 (75%) 6 (9%)

Traumatic 4 (11%) 1 (7%) 1 (8%) 6 (9%)

Idiopathic 4 (11%) 3 (21%) 2 (15%) 9 (14%)

Congenitala 6 (46%) 6 (9%)

SD= standard deviation
aThese patients had acquired onset. However, the etiology was concluded as congenital based on the absence
or atrophy of fourth nerve and/or superior oblique muscle in the paretic eye
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2 years. The other patient with metastatic lesion had been
treated with surgical resection, chemotherapy, and radio-
therapy for osteosarcoma in the right thigh before the
development of sixth cranial nerve palsy. She was diag-
nosed as metastatic sixth cranial nerve palsy during
treatment for metastasis to lumbar spine.

Among three patients with Miller Fisher syndrome, two
patients had mild bilateral sixth cranial nerve palsy with small
degree of esotropia and limitation of abduction of ~ 10% of
normal range. One of them had combined dizziness, vertigo,
and dysarthria. One patient with Miller Fisher syndrome
showed moderate limitation of abduction of ~ 30–40% of
normal range in one eye without limitation of ocular move-
ment to other directions. The patient had recalled a similar
experience 8 years ago that resolved spontaneously.

In six patients, non-aneurysmal vascular contact was the
presumed cause of sixth cranial nerve palsy. Among these
six patients, five showed partial or complete resolution of
paralysis spontaneously. Trauma was the presumed cause of
sixth cranial nerve palsy in another four patients, whereas
the cause was undefined in another four patients. It was
classified as idiopathic. Among these patients with unde-
fined causes, one patient experienced two more episodes of

unilateral sixth cranial nerve palsy 2 and 5 years later after
the first sixth cranial nerve palsy preceded by flu symptoms
in both recurred episodes. They spontaneously resolved
within several months.

Third cranial nerve palsy

Of 14 subjects with third cranial nerve palsy, neuroima-
ging and other studies identified neoplasia involving
central nervous system in four patients, including one
patient with progression from previously diagnosed
malignancy and one patient who underwent surgical
removal of brain tumor. Both patients with newly diag-
nosed primary brain tumor had tumor associated with
neurofibromatosis. One patient who had vascular mal-
formation and intracranial hemorrhage had the first clin-
ical presentation of isolated third cranial nerve palsy.
Three patients had inflammation and one patient had
intracranial hemorrhage without vascular malformation.
In one patient, non-aneurysmal vascular contact was the
presumed cause of third cranial nerve palsy. In another
one patient, trauma was the presumed cause of third cra-
nial nerve palsy. In three patients, the cause was not
defined. It was classified as idiopathic.

Fourth cranial nerve palsy

Of 13 subjects with fourth cranial nerve palsy, neuroima-
ging and other studies identified neoplasia involving central
nervous system in two patients, one of whom had
schwannoma of the fourth nerve. This patient had negative
conventional MRI results. When repeated high-resolution
MRI was performed for this patient, neoplasia was found.
The other patient had vascular malformation. One patient
had hemorrhagic infarction after seizure. In another patient,
trauma was the presumed cause of fourth cranial nerve
palsy. In two patients, the cause was not defined (classified
as idiopathic) (Fig. 2). The onset time of fourth cranial
nerve palsy was determined based on reports obtained from
patients and their guardians regarding head tilt supported by
old photo and the onset of diplopia if present. However, the
etiology was concluded as congenital after detailed inves-
tigation in six patients based on the absence or atrophy of
fourth cranial nerve and/or superior oblique muscle in the
paretic eye.

Combined cranial nerve palsy

For four patients with combined cranial nerve palsy, Miller
Fisher syndrome was a causative diagnosis for three patients
while cavernous sinus thrombophlebitis was diagnosed for
one patient.

Fig. 1 An infiltrative mass lesion causing bilateral sixth nerve palsy
(asterisk). A 3-year-old girl presented with intermittent head turn to
the right side for 3 months and mild esodeviation for 3 weeks. The
patient’s guardian reported that the deviation had been improved
continuously before presentation. The patient had esodeviation of
12 prism diopters and mild abduction limitation in both eyes.
Immediate magnetic resonance imaging was performed. Although
the patient was found to have large infiltrative mass involving
brainstem and cerebellar parenchyma, her clinical presentation was
mild bilateral sixth nerve palsy only

968 K.-A. Park et al.



Classification according to the presence of
significant past medical history

When patients were divided according to the presence of
significant past medical history including preterm birth,
malignancy, any neurologic, cardio-vascular, and systemic
disorder, 18 patients were identified as having significant
past medical history (Table 2). Among these 18 patients, the
most common cause of cranial nerve palsy was neoplasia
(44%). Among 48 patients without significant past medical
history, the most common causes of cranial nerve palsy
were neoplasia (15%), inflammation (15%), and non-
aneurysmal vascular contact (15%).

Classification according to isolated vs. non-isolated
third, fourth, and sixth cranial nerve palsy

Among 66 patients with third, fourth, or sixth cranial nerve
palsies, 57 had neurologically isolated palsy (Table 3).
They had no neurologic signs or symptoms except head-
ache or periorbital pain within 1 month after the onset of
diplopia and isolated third, fourth, or sixth cranial nerve
palsies. Among nine patients with not-isolated third,

fourth, or sixth cranial nerve palsies, four had sixth cranial
nerve palsy. Among them, two patients had combined
papilledema owing to hydrocephalus, one patient had
combined gait disturbance owing to brain tumor, and one
patent had vertigo and dysarthria associated with Miller
fisher syndrome. One patient had third cranial nerve palsy
combined with hemianopia. Four patients had combined
palsies of two to three nerves among third, fourth, and
sixth cranial nerves. One of these patients had concomitant
gait imbalance.

Classification according to age

Table 4 presents the number of patients according to the age
of onset of third, fourth, and sixth cranial nerve palsies.
Neoplasia involving central nervous system was one of the

Fig. 2 A test sheet of a 5-year-old girl who presented with acute-onset
double vision owing to acquired fourth nerve palsy. Observation of
change in usual life including writing and head posture could be an
important clue to provide medical attention to children with third,
fourth, or sixth cranial nerve palsies. Her teacher in the kindergarten
first noticed that the patient started to write sentences twice, one in the
original line and one in the oblique to the original line (arrows). The
patient stated that she suddenly started to see double images separated
vertically and obliquely. She had acquired unilateral fourth nerve
palsy. Through thorough work-up including full history taking, mag-
netic resonance imaging, and blood work, the patient was determined
to be idiopathic. Her symptom and sign spontaneously resolved
completely within 1 week

Table 2 The number of patients according to significant past medical
history including preterm birth, malignancy, any neurologic, cardio-
vascular, and systemic disorder

Third, fourth, and sixth cranial
nerve palsies

with PMHx
(n= 18)

without PMHx
(n= 48)

Age (mean ± SD) (years) 8 ± 7 9 ± 6

Gender (male/female) 13/5 30/18

Underlying etiologies

Neoplastic 8 (44%) 7 (15%)

Gliomatous 4

Other primary 3 3

Metastatic or progression 3 0

After surgical resection of brain
tumor

2 0

Inflammatory 7 (15%)

Intracranial hemorrhage 2 (11%) 1 (2%)

Cavernous sinus thrombophlebitis 1 (2%)

Vascular malformation 2 (4%)

Hydrocephalus 2 (11%)

Multiple sclerosis 1 (2%)

Chemotherapy induced
leukoencephalopathy

1 (6%)

Non-aneurysmal vascular contact 7 (15%)

Miller Fisher syndrome 6 (13%)

Traumatic 6 (13%)

Idiopathic 5 (28%) 4 (8%)

Congenitala 6 (13%)

SD= standard deviation; PMHx= past medical history including
preterm birth, malignancy, any neurologic, cardio-vascular, or
systemic disorder
aThese patients had acquired onset. However, the etiology was
concluded as congenital based on the absence or atrophy of fourth
nerve and/or superior oblique muscle in the paretic eye
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most common causes of third, fourth, and sixth cranial
nerve palsies in patients aged 0–14 years or 15–19 years.

Discussion

With the advent of modern neuroimaging, imaging techni-
ques have been rapidly developed. Three-dimensional
steady-state free precession sequences and modified fully
refocused steady-state sequences such as CISS/FIESTA-C/
B-FFE especially can enhance display of each cranial nerve
and enable more accurate diagnosis. Analyzing the cause of
isolated third, fourth, and sixth cranial nerve palsies using
these modern neuroimaging techniques with laboratory
work-up could be valuable at present era.

Neoplasia

Our results showed that neoplasia involving central nervous
system was one of the most common causes overall in
patients with third, fourth, and sixth cranial nerve palsies in
both age groups (0–14 years and 15–19 years). A total of
23% of patients with acute third, fourth, or sixth cranial
nerve palsies were found to have neoplasia in this study.
Neoplasia was the most common cause of both sixth and
third cranial nerve palsies. The reported proportion of
neoplasia in children with cranial nerve palsies varied
between studies. It has been reported that 19–39% of chil-
dren with sixth cranial nerve palsies have tumor as a main
cause of nerve palsy [2, 3, 6, 10]. Among children with
third cranial nerve palsy, the proportion of tumor has been
reported to be 6–14% [6, 8, 11]. Kodsi et al. [6] have

Table 3 The number of patients according to isolated vs. non-isolated
third, fourth, and sixth cranial nerve palsies

Third, fourth, and sixth cranial
nerve palsies

Isolated (n= 57)a Not-isolated
(n= 9)

Age 8 ± 7 11 ± 5

Gender 37/20 6/3

Underlying etiologies

Neoplastic 13 (23%) 2 (22%)

Gliomatous 4

Other primary 6

Metastatic or progression 2 1

After surgical resection of brain
tumor

1 1

Inflammatory 7 (12%)

Intracranial hemorrhage 3 (5%)

Cavernous sinus thrombophlebitis 0 1 (11%)

Vascular malformation 2 (4%)

Hydrocephalus 0 2 (22%)

Multiple sclerosis 1 (2%)

Chemotherapy induced
leukoencephalopathy

1 (2%)

Non-aneurysmal vascular contact 7 (12%)

Miller Fisher syndrome 2 (4%) 4 (44%)

Traumatic 6 (11%)

Idiopathic 9 (16%)

Congenital† 6 (11%)

SD= standard deviation
aNeurologically isolated palsy means no neurologic sign or symptom
other than isolated third, fourth, or sixth cranial nerve palsies except
for headache or periorbital pain within 1 month after the onset of
diplopia
†These patients had acquired onset. However, the etiology was
concluded as congenital based on the absence or atrophy of fourth
nerve and/or superior oblique muscle in the paretic eye

Table 4 The number of patients according to the age of onset of third,
fourth, and sixth cranial nerve palsies

Third, fourth, and sixth cranial
nerve palsies

Age of onset
0–14 years
(n= 50)

Age of onset
15–19 years
(n= 16)

Age 6 ± 5 17 ± 2

Gender 34/16 9/7

Underlying etiologies

Neoplastic 10 (20%) 5 (31%)

Gliomatous 3 1

Other primary 5 1

Metastatic or progression 1 2

After surgical resection of brain
tumor

1 1

Inflammatory 7 (14%)

Intracranial hemorrhage 3 (6%)

Cavernous sinus
thrombophlebitis

1 (2%)

Vascular malformation 2 (4%)

Hydrocephalus 2 (4%)

Multiple sclerosis 0 1 (6%)

Chemotherapy induced
leukoencephalopathy

1 (2%)

Non-aneurysmal vascular
contact

6 (12%) 1 (6%)

Miller Fisher syndrome 3 (6%) 3 (19%)

Traumatic 4 (8%) 2 (13%)

Idiopathic 5 (10%) 4 (25%)

Congenitala 6 (12%)

SD= standard deviation
aThese patients had acquired onset. However, the etiology was
concluded as congenital based on the absence or atrophy of fourth
nerve and/or superior oblique muscle in the paretic eye
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previously reported that neoplasia is a cause of palsy in 5%
of children with acquired fourth cranial nerve palsy. Direct
comparison between reports was difficult because several
studies were carried out before the routine use of MRI. In
addition, study settings and population were different
between studies. However, our study results, as well as
previous studies, showed that substantial proportion of
children with cranial nerve palsies had neoplasia as a cau-
sative lesion. In our study, 13 of 15 patients with neoplasia
involving central nervous system (87%) had isolated third,
fourth, or sixth cranial nerve palsies as the presenting sign.
In addition, two patients with negative conventional MRI
results were found to have neoplasia when repeated high-
resolution MRI was performed. This suggests that high-
resolution contrast-enhanced MRI and repeated imaging are
important for clinically suspected patients so that intracra-
nial neoplasia will not be missed.

Inflammation

Overall, a total of 11% of pediatric patients with third,
fourth, and sixth cranial nerve palsies showed inflammation
in this study. Robertson et al. [10] have previously reported
that inflammation was the third most common cause of
acquired sixth nerve palsy in children, following neoplasia
and trauma. Miller et al. [16] have also reported that 4 out of
30 (13%) children with third nerve palsy have inflammation
as a cause of palsy. One of them had bacterial meningitis.
Another patient had a probable viral meningitis, whereas the
other two patients were presumed to have post-viral
inflammation [16].

Idiopathic

It was noteworthy that idiopathic cause of third, fourth, and
sixth cranial nerve palsies (for which cause was not deter-
mined) was the second most common cause following
neoplasia, especially in patients aged 15–19 years. All
patients classified as idiopathic who underwent high-
resolution MRI with three-dimensional steady-state free
precession sequences and modified fully refocused steady-
state sequences (CISS) were also negative for serologic
results, syphilis serologic results, thyroid-stimulating hor-
mone receptor antibodies, acetylcholine receptor antibody,
and ganglioside antibody panel. Three of them underwent
edrophonium test, neostigmine test, and repetitive nerve
stimulation test depending on their clinical presentation. For
patients aged 15–19 years and 0–14 years, 25% and 10% of
them, respectively, were categorized as idiopathic third,
fourth, and sixth cranial nerve palsies. In previous studies,
5–17% of children with third, fourth, and sixth cranial nerve
palsies had idiopathic cause [2–4, 6, 7, 10]. Peters et al. [17]
have previously reported that 13% of non-traumatic sixth

cranial nerve palsy in young adults aged 20–50 are idio-
pathic. In their study, when isolated sixth cranial nerve
palsies were analyzed separately, the incidence of idiopathic
sixth cranial nerve palsy was increased to 18% [17]. Five
(56%) of nine patients with idiopathic third, fourth, and
sixth cranial nerve palsies in the present study had sig-
nificant past medical history, including neurologic, cardio-
vascular, and systemic disorder. Patients who were classi-
fied as idiopathic might have other disorders including
multiple sclerosis and myasthenia gravis with a longer
follow-up.

Others

Two patients with hydrocephalus and sixth cranial nerve
palsy had coexisting papilledema or optic atrophy. No
patient had idiopathic intracranial hypertension in the pre-
sent study. Lee et al. [7] have reported that idiopathic
intracranial hypertension is a cause of sixth cranial nerve
palsy in 8% of children in their study. The difference in the
proportion of this etiology might be due to difference in the
prevalence of idiopathic intracranial hypertension between
races. It has been reported that the prevalence of idiopathic
intracranial hypertension is much lower in Asia than that in
Western countries [18].

Non-aneurysmal vascular contact was the presumed
cause of sixth or third cranial nerve palsy in seven patients
in this study. Non-aneurysmal neurovascular contact was
rarely considered as a cause of third, fourth, or sixth palsy in
the past because anatomic features were not readily
demonstrable by conventional imaging studies. Several
recent studies have reported that neurovascular contact is
not a rare anatomic phenomenon in third or sixth cranial
nerve [19, 20]. Although neurovascular contact is not
always pathogenic, previous studies have suggested that
demonstration of neurovascular compression in patients
with cranial nerve palsies could have diagnostic value
[15, 19]. It has been postulated that detection of neurovas-
cular compression might have high sensitivity but low
specificity for nerve palsy [21, 22]. True causative asso-
ciations between non-aneurysmal vascular contact and
various cranial nerve palsies should be discussed further.
The significance and prognosis value of neurovascular
compression in cranial nerve palsies merit further studies in
the future.

Late decompensation in congenital fourth cranial nerve
palsy was the most common cause of fourth cranial nerve
palsy in the present study. For these patients, the etiology
was concluded as congenital after detailed investigation
based on the absence or atrophy of fourth never and/or
superior oblique muscle in paretic eye, although the onset
time was determined by patients’ and guardians’ report
regarding head tilt and the onset of diplopia if present along
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with support from old photo. Lee et al. [23] previously
reported two cases of trochlear nerve agenesis causing
superior oblique palsy that emerged later in life. In their
cases, congenital trochlear palsy owing to agenesis devel-
oped vertical diplopia after age 50 probably due to delayed
decompensation.

In the present study, six patients were diagnosed as
Miller Fisher syndrome based on ganglioside antibody
testing. All of them showed positive results for anti-GQ1b
antibody testing. Among these six patients, two initially
presented as mild bilateral sixth cranial nerve palsy and
one patient presented as unilateral sixth cranial nerve palsy
other than combined oculomotor paralysis. Tatsumoto
et al. [24] have previously reported a case of sixth cranial
nerve paresis with paresthesias in a patient with positive
result for anti-GQ1b antibody testing. Two cases with
mild bilateral sixth cranial nerve palsy might have
weakness in other extraocular muscles. However, such
weakness was lower than the level of detection consider-
ing that the limitation of abduction was very mild (~ 10%
of normal range in these cases). Based on our results, the
possibility of Miller Fisher syndrome might be considered
in any case of isolated third, fourth, or sixth cranial nerve
palsy.

The overall proportion of trauma was 9% in children
with ocular motor nerve palsies in this study. Such rela-
tively low proportion of trauma in our study compared with
that in previous studies might be owing to difference in
study settings including population, referral pattern, and
location of the hospital [2, 3, 6, 10, 11].

Limitations

This study has several limitations. First, this study was
retrospective in nature. The protocol of neuroimaging was
not identical in all subjects because we conducted high-
resolution brain MRI to visualize cranial nerves only when
the etiology could not be clearly revealed from previous
brain images. Also, only selected patients underwent edro-
phonium test, neostigmine test, and repetitive nerve stimu-
lation test depending on their clinical presentation. Some
patients with myasthenia gravis without clinically suspected
symptom or sign might have been missed. Second, there
might be selection bias in this study. The source of patients
came from patients who were referred to a tertiary hospital.
This could increase the prevalence of serious underlying
pathologies in our study. Owing to difference in referral
patterns, the proportion of several specific etiologies asso-
ciated with third, fourth, and sixth cranial nerve palsies such
as trauma might be affected. Third, because all data were
obtained from one ethnicity, direct application of these data
to other races might be inappropriate.

Conclusions

In conclusion, a substantial proportion of pediatric and juve-
nile patients had serious pathologies of third, fourth, and sixth
cranial nerve palsies such as neoplasia, inflammation, and
hemorrhage involving the central nervous system. Overall,
23% of patients with acute third, fourth, or sixth cranial nerve
palsies were found to have neoplasia in this study. Owing to
life-threatening nature of possible pathologies, prompt and
accurate diagnosis of etiologies using high-resolution MRI
with contrast and proper laboratory work-up are important for
pediatric and juvenile patients with cranial nerve palsies.

Summary Table

What was known before

● Neoplasm or trauma has been reported to be a major
cause in pediatric population in third, fourth, or sixth
cranial nerve palsies in studies using conventional MRI.

What this study adds

● Using high-resolution MRI with three-dimensional
steady-state free precession sequences and modified fully
refocused steady-state sequences (CISS) and detailed
laboratory work-up, etiologies of cranial nerve palsies
were analyzed. Overall, 23% of patients with acute third,
fourth, or sixth cranial nerve palsies were found to have
neoplasms in this study and confirmed previous results.
We also analyzed the proportion of non-aneurysmal
neurovascular contact and Miller Fisher syndrome among
patients with third, fourth, and sixth cranial nerve palsies,
using MRI with CISS and laboratory work-up.
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