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ABSTRACT

Diffuse intrinsic pontine glioma (DIPG) is a rare aggressive brainstem lesion, affecting mainly young 
children. This report describes sixth cranial nerve palsy as the initial ophthalmic presentation in 
children with this pathology. Case series and literature review. All children presented with sixth 
nerve palsy were consecutively recruited from the pediatric clinic at the East Sussex NHS 
Healthcare Trust within the last 10 years. Full ophthalmic examination, orthoptic assessment, 
and refraction check were done in three patients. Magnetic Resonance Imaging was carried out 
using 1.5 Tesla (Siemens Symphony, Erlangen, Germany) to establish the diagnosis.The patients’ 
age ranged from 5 to 14 years at the time of presentation. All presented with sudden onset 
esotropia and limited abduction, suggestive of presence of sixth nerve palsy, requiring urgent 
medical attention. On detailed questioning and assessment, all children showed various neurolo
gical symptoms including nystagmus, liquid dysphagia, balance problems, and nocturnal enuresis. 
Two out of three patients died within 7 months following diagnosis. Sudden onset esotropia, 
especially due to sixth nerve palsy in children, should be considered a red flag symptom, prompt
ing proper urgent specialist assessment. Sixth nerve palsy in patients with DIPG was associated 
with severely reduced life expectancy in this case series of three patients, shorter than in reported 
non-ophthalmic presentations.
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Introduction

Diffuse intrinsic pontine glioma (DIPG) is a rare 
aggressive brainstem lesion, affecting mainly young 
children, with a median survival of 11–13 months, 
and 5-year survival rate of 2.2–3.3%.1,2 Some studies 
report longer survival rate in older children3; others 
suggest that prognosis is more dependent on tumor 
histology and presence of particular genetic muta
tions, such as H3.3 K27M, which is associated with 
poorer prognosis.2 In spite of recent advances in treat
ment modalities, including chemotherapy and tar
geted agents, palliative radiotherapy remains the 
mainstay of treatment.4

The diagnosis of DIPG is mainly based on clin
ical and radiological findings, and rarely requires 
histological confirmation in cases of diagnostic 
uncertainty. A recent multicenter study by Erker 
et al.1 showed that children with DIPG most often 

present with cranial nerve (CN) involvement, and 
pyramidal and cerebellar signs or symptoms are 
less frequent. Being the most common presentation 
(over 70–82% of cases), CN palsies are associated 
with the higher mortality rate in univariable 
analysis.2 Several case presentations of ophthalmic 
manifestation of DIPC by Osborne et al.5 

Schreuders et al.6 and Gilbert et al.7 described 
acute concomitant esotropia without limitation of 
ocular motility. Information about incomitant stra
bismus as a presentation of DIPG is limited. Das8 

described a single case of child with sixth nerve 
palsy in DIPG. In this case series, we present the 
clinical and radiological findings in three patients 
with sixth nerve palsy as ophthalmic manifestation 
of DIPG, and provide a literature review, aiming to 
increase awareness of the condition, and help with 
timely diagnosis.
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Materials and methods

All children presented with sixth nerve palsy were 
consecutively recruited from the pediatric clinic at 
the East Sussex NHS Healthcare Trust within the 
last 10 years. All patients (one male (6 years-old at 
the time of DIPG diagnosis) and two females (5 and 
14 years-old)) had a standard ophthalmology exam
ination including best-corrected visual acuity (BCVA, 
measured with a logMAR test, Vision Visual Acuity 
Testing (Precision Vision, La Salle, IL, USA), orthop
tic examination, refraction, slit-lamp examination, 
intraocular pressure measurements, and dilated fun
doscopy. After neuroimaging, all children had 
a neurological assessment in the pediatric unit and 
were referred to the regional oncology center for 
treatment.

Magnetic Resonance Imaging (MRI) was done 
using 1.5 Tesla (Siemens Symphony, Erlangen, 
Germany) including sagittal MPRAGE (TR/TE/ 
TI 1850/3.9/1100, flip angle = 15°, base resolu
tion = 256, FOV = 300, voxel size 1.2 mm × 1.2  
mm × 1.2 mm) and axial CISS (TR/TE 11.4/5.7, 
flip angle 70°, base resolution = 256, FOV = 200, 
voxel size 0.8 × 0.8 × 1 mm). Patients 2 and 3 
had MRI done under general anaesthetic.

The study adhered to the tenets of the Declaration 
of Helsinki. Written informed consent was obtained 
from the parents/carers.

Results

The current study reports three pediatric patients 
who presented with sudden eye misalignment and 
were later diagnosed with DOPG.

Patient 1

A 14-year-old Caucasian girl was referred to the 
eye clinic urgently with sudden onset esotropia 
and binocular horizontal diplopia. On clinical 
assessment, she adopted an anomalous head pos
ture with a head turn to the right. Visual acuity 
was 0.1 logMAR in both eyes. Orthoptic assess
ment showed a clinical picture of right sixth nerve 
palsy with right esotropia, measuring equally for 
near and distance (20^ base out (BO), Figure 1a), 
limitation of right eye abduction (−1.0, Figure 1b) 
with persistent limitation on doll’s head maneu
ver, and conjugate gaze evoked nystagmus. 
Anterior and fundus examinations were normal. 
Generally, she felt well in herself; however, 
a review of systems showed difficulties with swal
lowing liquids. The MRI scan of the brain 
(Figure 1b,c) showed a solitary pontine lesion, 
extending into the inferior medulla with compres
sion of the fourth ventricle. Tumour biopsy 
showed H3K27 mutation. After a course of radio
therapy, the patient was reviewed. Bilateral lim
itation of abduction with increased amplitude of 
the gaze-evoked nystagmus were the only notable 
changes from the initial eye examination 
(Supplementary video) on the last assessment 6 
months after initial presentation.

Patient 2

Six-year-old Caucasian boy was under the care of 
orthoptic clinic with partially-accommodative 
right esotropia for almost 3 years. Initial orthoptic 
assessment showed visual acuity of 0.825 logMar 

Figure 1. Eye photography (a, b) and magnetic resonance imaging (MRI, c and d) of patient (a) Photography of the eyes in primary 
position, showing right esotropia. (b) – photograph, showing limited abduction in the right eye. (c) – Axial T2WI of the brain showing 
hyperintense pontine lesion (solid arrow). (d) – Sagittal post-contrast T1WI of the brain showing the lesion extending into the inferior 
medulla (solid arrow), and compression of the fourth ventricle (dotted arrow).
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with both eyes open; it was not possible to assess 
single-eye vision, as the child did not like either eye 
being covered. Motility assessment showed full eye 
movements, with equal, partially accommodative 
esotropia at near and distance (20^ BO without 
glasses and 10^ with glasses). Cycloplegic refrac
tion assessment showed severe hypermetropia 
(+6.0 DS). After adaptation period, and occlusion 
treatment for 2.5 years, vision improved to 0.250 
LE 0.100 logMar (for the right and left eye, respec
tively), with full motility and residual microtropia. 
The patient was planned to be discharged from 
orthoptic clinic; however, on the pre-discharge 
assessment, examination showed dramatic increase 
in esotropia (30^ BO without and 25^ with 
glasses); motility assessment indicated limitation 
of abduction in the right eye up to −1.5, suggestive 

of the presence of sixth nerve palsy. On neurologi
cal assessment, mild ataxia with walking difficul
ties, and nocturnal enuresis were found. By the 
time of the brain scan, performed several days 
later, the child adopted an anomalous head pos
ture, with right face-turn and severe limitation of 
right abduction up to −4.0. The MRI showed 
a diffuse pontine lesion with mild hydrocephalus 
(Figure 2a,b). A course of radiotherapy was pro
vided in the regional oncology referral center. The 
child died 7 months after the initial diagnosis.

Patient 3

Five-year-old Asian girl was seen by a general prac
titioner after presenting with a raised temperature. 
Parents also noted sudden onset of esotropia. After 

Figure 2. MRI scan of the brain showing a diffuse pontine lesion. (a) – Axial T2WI, (b) – Coronal scan of the brain showing 
a hyperintense, solitary diffuse lesion of the pons of patient 2 (solid arrow). Dotted arrows indicate mild dilatation of the lateral 
ventricles. (c) – Axial (d) – Sagittal T2WI scan of the brain showing a pontine glioma infiltrating the pons (solid arrow) and compressing 
the fourth ventricle (dotted arrow).
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a course of oral antibiotics, the child was referred to 
the eye clinic. Visual acuity was 0.1 LogMAR in 
either eye, anomalous head posture with left turn 
was noted. Orthoptic assessment showed an inco
mitant strabismus with left esotropia, measuring 
more at distance and severe limitation of abduction 
in the left eye (up to −4.0), establishing a diagnosis 
of left sixth nerve palsy. Urgent MRI scan of the 
brain showed presence of DIPG (Figure 2c,d). 
Despite management using radiotherapy, the 
child died 6 months after diagnosis.

Discussion

To our knowledge, this is the only case series of 
patients with CN VI palsy as the initial ophthal
mic presentation of DIPG.

Two out of three patients presented in this case 
series were initially referred with sudden onset of 
esotropia. Patient 2 was monitored with partially 
accommodative esotropia and was investigated 
further when the esotropia has suddenly increased 
in angle and became incomitant.

Acute onset of esotropia (AOE) is one of the most 
common ocular motility disorders in children. Being 
reasonably harmless in some patients, it could be 
a sign of serious underlying pathology in others. The 
incidence of acute onset strabismus associated with 
intracranial pathology varies from 3.6% to 8% of 
patients.9,10 In a study by Chong et al.11 the propor
tion of the patients with abnormal neuroimaging in 
the cohort with sudden-onset strabismus was much 
higher when children also had other neurological 
symptoms at the time of presentation (70.6% vs 
7.5% in isolated strabismus group).

A case series by Kemmanu et al.12 showed three 
out of five patients with acute comitant esotropia 
had intracranial pathology, two of whom were sub
sequently diagnosed with DIPG. Several publica
tions describe different ophthalmic presentations 
of DIPG (Supplementary table 1). In all these stu
dies, children presented with acute esotropia with
out limitation of motility.5,6,8

Interestingly, only in one patient esotropia was 
more noticeable at distance,6 which could suggest 
possible subclinical abduction deficit. At the 
moment, the mechanism of AOE in the presence 
of a neurological condition is still unclear.9,13

It is possible that AOE in DIPG could be the 
short-term predecessor of the sixth nerve palsy, as 
it was seen in one of the patients from Osborn 
et al.5 series.

Lee et al.14 investigating the etiology of sixth 
nerve palsy in children found that the most com
mon causes were space occupying lesions or their 
removal, responsible for 45% of cases. Other 
pathological causes included raised intracranial 
pressure (non-localizing sign, 15%), trauma 
(12%), congenital (11%), inflammation (7%), mis
cellaneous (5%), and idiopathic (5%). A recent, 
much smaller study by Hanna et al.15 showed 
intracranial hypertension and anti-GQ1B syn
drome among the most common causes for sixth 
nerve palsy in children.

Literature data on CN involvement in DIPG is 
slightly controversial. Mabray et al.16 report inci
dental cases with direct involvement of the CN 
III–XII, whereas a multicenter study of children 
>10 years found that CN involvement was the 
most common presentation (70%), followed by 
pyramidal and cerebellar signs or symptoms.1 In 
another multicenter study, Hoffman et al.2 also 
documented more frequent CN involvement in 
short-time survivors (83% vs 73% in long-time 
survival group). Interestingly, the median overall 
survival rate in the latter study was 11 months. 
DIPG patients with shorter duration of symp
toms also had a shorter survival rate. In our 
cohort, the duration of sixth nerve palsy before 
radiological diagnosis was less than 2 weeks. 
Patient 1 is alive at the time of report prepara
tion (6 months after diagnosis). Two patients 
died within 6.5 months after diagnosis. This life 
expectancy was much shorter than reported 
among the patients with non-specified CN 
involvement.1,2,4 This could be explained by the 
anatomical position of the sixth nerve nuclei in 
the pons at the floor of the fourth ventricle. 
Space occupying lesions in this location are 
known to affect basic vital functions such as 
breathing, heart rate and blood pressure control, 
as well as consciousness and sleep.17

All patients showed diffuse invasion of the 
brainstem at the level of pons on the MRI scan.

In addition to sudden-onset esotropia secondary 
to sixth nerve palsy, all patients had other neuro
logical signs.
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Patient 1 had gaze evoked nystagmus, which in 
isolated presentation could be a sign of medication 
side effects (sedatives, anticonvulsants, not used by 
patient 1), or can be associated with lesions in the 
brainstem or cerebellum.13 Two out of three 
patients had other symptoms including dysphagia 
(patient 1), nocturnal diuresis (patient 2), which, in 
the context of co-existing sixth nerve palsy, sug
gested a neurological origin due to possible brain
stem pathology.3,18 Presence of these additional 
signs and symptoms, developing over a short time 
frame, further substantiates the need for emer
gency MRI in this subset of patients (children), 
due to high index of suspicion for DPIG.

This case series shows the largest cohort of 
children with sixth nerve palsy and DIPG. 
However, the data may not be adequately repre
sented due to the limited number of the 
patients. Therefore, further multicenter studies 
could give more information on the clinical 
presentation and provide strategies to improve 
timely diagnosis of DIPG.

In summary, sudden onset esotropia in chil
dren requires urgent specialist assessment to pro
vide timely diagnosis. Acute sixth nerve palsy in 
pediatric patients should carry a high index of 
suspicion for DIPG. Sixth nerve palsy in DIPG 
could indicate more aggressive disease, potentially 
leading to shorter life expectancy, as shown in 
this case series.

Acknowledgments

The authors would like to thank the participants of this study 
and the orthoptists of the East Sussex NHS Healthcare Trust.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the 
work featured in this article.

ORCID

Anastasia Pilat http://orcid.org/0000-0002-9359-667X

Author contribution statement

All authors were involved in the conception or design of the 
work; data collection/analysis and interpretation; drafting/ 
critical revision of the article and final approval.

Data availability statement

Data is available on request.

References

1. Erker C, Lane A, Chaney B, Leary S, Minturn JE, Bartels 
U, et al. Characteristics of patients >/=10 years of age 
with diffuse intrinsic pontine glioma: a report from the 
international DIPG/DMG registry. Neuro Oncol. 
2022;24(1):141–152. doi:10.1093/neuonc/noab140  .

2. Hoffman LM, Veldhuijzen van Zanten SEM, 
Colditz N, Baugh J, Chaney B, Hoffmann M, et al. 
Clinical, radiologic, pathologic, and molecular char
acteristics of long-term survivors of diffuse intrinsic 
pontine glioma (DIPG): a collaborative report from 
the international and European society for pediatric 
oncology DIPG registries. J Clin Oncol. 2018;36 
(19):1963–1972. doi:10.1200/JCO.2017.75.9308  .

3. Bailey S, Howman A, Wheatley K, Wherton D, Boota 
N, Pizer B, et al. Diffuse intrinsic pontine glioma treated 
with prolonged temozolomide and radiotherapy– 
results of a United Kingdom phase II trial (CNS 2007 
04). Eur J Cancer. 2013;49(18):3856–3862. doi:10.1016/ 
j.ejca.2013.08.006  .

4. Carceller F. Long-term survivors of diffuse intrinsic 
pontine glioma (DIPG): myth or reality. Transl Cancer 
Res. 2019;8(2):343–345. doi:10.21037/tcr.2019.03.12  .

5. Osborne D, Richardson-May J, Bush K, et al. Four cases 
of acute comitant esotropia associated with diffuse 
intrinsic pontine glioma in children. Strabismus. 
2022:1–5. doi:10.1080/09273972.2022.2143823  .

6. Schreuders J, Thoe Schwartzenberg GW, Bos E, 
Versteegh FG. Acute-onset esotropia: should we look 
inside? J Pediatr Ophthalmol Strabismus. 2012;49(6): 
e70–e72. doi:10.3928/01913913-20121127-05  .

7. Gilbert ME, Meira D, Foroozan R, et al. Double vision 
worth a double take. Surv Ophthalmol. 2006;51 
(6):587–591. doi:10.1016/j.survophthal.2006.08.005  .

8. Das S. Sixth nerve palsy - window to a dreaded brain 
tumor in children (pontine glioma). Kerala 
J Ophthalmol. 2017;29(3):247. doi:10.4103/kjo.kjo_ 
69_17  .

9. Garone G, Ferro V, Barbato M, Vanacore N, Papini L, 
Pro S, et al. Acute strabismus in neurological emergen
cies of childhood: a retrospective, single-centre study. 
Eur J Paediatr Neurol. 2021;32:80–85. doi:10.1016/j. 
ejpn.2021.03.016  .

204 E. BAYRAMOVA ET AL.

https://doi.org/10.1093/neuonc/noab140
https://doi.org/10.1200/JCO.2017.75.9308
https://doi.org/10.1016/j.ejca.2013.08.006
https://doi.org/10.1016/j.ejca.2013.08.006
https://doi.org/10.21037/tcr.2019.03.12
https://doi.org/10.1080/09273972.2022.2143823
https://doi.org/10.3928/01913913-20121127-05
https://doi.org/10.1016/j.survophthal.2006.08.005
https://doi.org/10.4103/kjo.kjo_69_17
https://doi.org/10.4103/kjo.kjo_69_17
https://doi.org/10.1016/j.ejpn.2021.03.016
https://doi.org/10.1016/j.ejpn.2021.03.016


10. Buch H, Vinding T. Acute acquired comitant esotropia 
of childhood: a classification based on 48 children. Acta 
Ophthalmol. 2015;93(6):568–574. doi:10.1111/aos.12730  .

11. Chong C, Allen N, Jarvis R, Dai S. Ten-year review of 
neuroimaging in acute paediatric strabismus. Clin Exp 
Ophthalmol. 2021;49(7):724–728. doi:10.1111/ceo. 
13960  .

12. Kemmanu V, Hegde K, Seetharam R, Shetty BK. Varied 
aetiology of acute acquired comitant esotropia: a case 
series. Oman J Ophthalmol. 2012;5(2):103–105. doi:10. 
4103/0974-620X.99373  .

13. Leigh RJ, Zee DS. The Neurology of Eye Movements. 
Vol. xx. 5th ed. Oxford; New York: Oxford University 
Press; 2015.

14. Lee MS, Galetta SL, Volpe NJ, Liu GT. Sixth nerve 
palsies in children. Pediatr Neurol. 1999;20(1):49–52. 
doi:10.1016/S0887-8994(98)00090-3  .

15. Hanna FA, Jabaly-Habib H, Halachmi-Eyal O, et al. 
Sixth nerve palsy in children etiology, long-term course, 
and a diagnostic algorithm. J Child Neurol. 2022;37 
(4):281–287. doi:10.1177/08830738211035912  .

16. Mabray MC, Glastonbury CM, Mamlouk MD, et al. 
Direct cranial nerve involvement by Gliomas: case 
series and review of the literature. AJNR Am 
J Neuroradiol. 2015;36(7):1349–1354. doi:10.3174/ 
ajnr.A4287  .

17. Ángeles Fernández-Gil M, Palacios-Bote R, Leo- 
Barahona M, Mora-Encinas JP. Anatomy of the brain
stem: a gaze into the stem of life. Semin Ultrasound, CT 
MRI. 2010;31(3):196–219. doi:10.1053/j.sult.2010.03.006  .

18. Panebianco M, Marchese-Ragona R, Masiero S, 
Restivo DA. Dysphagia in neurological diseases: 
a literature review. Neurol Sci. 2020;41(11):3067–3073. 
doi:10.1007/s10072-020-04495-2.

NEURO-OPHTHALMOLOGY 205

https://doi.org/10.1111/aos.12730
https://doi.org/10.1111/ceo.13960
https://doi.org/10.1111/ceo.13960
https://doi.org/10.4103/0974-620X.99373
https://doi.org/10.4103/0974-620X.99373
https://doi.org/10.1016/S0887-8994(98)00090-3
https://doi.org/10.1177/08830738211035912
https://doi.org/10.3174/ajnr.A4287
https://doi.org/10.3174/ajnr.A4287
https://doi.org/10.1053/j.sult.2010.03.006
https://doi.org/10.1007/s10072-020-04495-2

	Abstract
	Introduction
	Materials and methods
	Results
	Patient 1
	Patient 2
	Patient 3

	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	Author contribution statement
	Data availability statement
	References

