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Objective: This study looked at a single paediatric neuro-oncology centre’s experience of
childhood intracranial tumours seen in the ophthalmology clinic over an approximately five-
vear period. This was used to analyse the role of the ophthalmologist in their long term

follow up.

Methods: A database was compiled of all children discussed at the neuro-oncology multi-
disciplinary team (MDT) meeting between January 2012 and April 2017. All children who
had an intracranial tumour determined by histology or suspected on neuroimaging, who had
also been seen in the ophthalmology clinic, were included. A retrospective case review was

performed to create a record for each child.

Results: The database contained 129 children of which 82 [64%] were boys and 47 [36%]
were girls. Of these 89 [69%)] had a histological diagnosis and 40 [31%] had a tumour
suspected on neuroimaging. The most common tumour locations were the posterior fossa
[n=54, 42%], diencephalon [n=20, 16%)] and the visual pathways [n=17, 13%)].
Papilloedema at first presentation was only found in 39 [30%)] children. The most common
other neuro-ophthalmic manifestations were non-paralytic strabismus [n=33], sixth nerve
palsy [n=19] and seventh nerve palsy [n=12]. Non-paralytic strabismus was a presenting
symptom in only one case. There were 13 ophthalmic surgical procedures required for these

children, the most common being strabismus surgery.

Conclusion: We report the types and locations of paediatric intracranial tumours seen in the
ophthalmology clinic as well as their neuro-ophthalmic manifestations. Only 30% present

with papilloedema and approximately 10% will require an ophthalmic surgical procedure.
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Introduction

Brain tumours are the most common solid tumour type' in children whilst brain and central
nervous system (CNS) cancers are the second leading cause of cancer death in those under
1974, Paediatric brain tumours are usually categorized according to histology or location®®
although more recently molecular parameters are also being incorporated®®. Approximately
50% are found in the posterior fossa with the other 50% being supratentorial'®!?. Another
key distinction is whether they are benign which corresponds roughly to the old WHO grades
1-2 or malignant roughly corresponding to grades 3-4'%. These factors greatly influence the
presenting symptoms and prognosis'*!> but also create different challenges for the

ophthalmologist.

The management of childhood CNS tumours is complex and is best undertaken at a paediatric
oncology centre by a multi-disciplinary team (MDT)!%!7 led by an oncologist or

neurosurgeon'*. The ophthalmologist however also plays an important role both in

18,19

diagnosing *"” and managing secondary abnormalities of the visual, ocular, adnexal and

oculomotor systems of children with intracranial tumours '7?°. Whilst several studies have

21-23

looked at the related neuro-ophthalmic manifestations in children with brain tumours,

these have typically been performed by oncologists or neurologists®*. Other studies have

21,24-27

looked at the neuro-ophthalmic manifestations at presentation or the effect on quality of

life®. There is however very little information in the literature regarding the neuro-
12,29

ophthalmic manifestations of these tumours managed by the ophthalmologist over time

and none, of which we are aware, reporting the ophthalmic surgical interventions required.

Establishing exactly which neuro-ophthalmic manifestations and ophthalmic surgical
problems are commonly encountered, demonstrates the specific skills required to manage
these children, and helps to inform clinical planning and training requirements. This study

therefore aims to determine the variety of paediatric brain tumours seen in the ophthalmology



clinic at a regional specialist referral centre as well as the neuro-ophthalmic manifestations
encountered and which ophthalmic surgical interventions were required over an

approximately five-year period.



Methods

We compiled a database of all children who had been discussed at the neuro-oncology MDT
meeting between January 2012 and April 2017 at our centre. The record for each child was
then checked and included in this study, if they had a tumour proven by histology or
suspected on neuro-imaging. In addition, they had to have been seen in the ophthalmology
clinic at the same centre which was determined through searching the electronic patient

records.

This yielded 152 children, of whom 129 children had intracranial tumours and were included;
the remainder having ocular or orbital tumours, which were excluded. A retrospective case
review of the ophthalmology notes, clinic letters, radiology and histology reports as well as
MDT outcomes was performed to create the record for each child. This was stored on a
database created in Microsoft Excel and the clinical data was then analysed to determine
relevant clinical characteristics of this cohort of patients as well as aspects relating to their

ophthalmic management.

In our unit a specialist orthoptist attends the MDT and coordinates the ophthalmic input
required for each child. All children were under the care of a single paediatric

ophthalmologist with occasional input from other subspecialties.

This study was approved by the Research Governance and Ethics Committee of a Medical
School Department of Postgraduate Medical Education and registered as an audit at the

regional oncology centre where the database was compiled.



Results

The cohort consisted of 129 children (82 boys [64%] and 47 girls [36%]). The mean age at
presentation was 5.8 years (range 0-17 years) which can be seen in Figure 1. Of these 89

[69%] had a histological diagnosis and 40 [31%] had a tumour suspected on neuro-imaging.

The tumour type based on histology for those 89 children who had a tissue diagnosis is
shown in Table 1. 13 children died during the follow up period all of whom had a histological

diagnosis the breakdown of which is also shown in Table 1.

The most common tumour location was the posterior fossa [n=54, 42%] followed by the
diencephalon [n=20, 16%] and the visual pathways [n=17, 13%]. The full breakdown of

tumour location is summarized in Table 2.

At initial presentation, 39 cases [30%] were found to have papilloedema, 78 [60%] did not,
and 12 [9%] did not have a documented optic disc assessment. During subsequent follow up,
95 [74%] of children’s optic discs were documented as normal while 33 [26%] showed
atrophy or pallor and 1 [1%] showed non-glaucomatous cupping. Of the 33 with atrophy or
pallor, only 12 [36%] had previously documented papilloedema and 15 [45%] had tumours of

the visual pathways.

Other neuro-ophthalmic manifestations are shown in Table 3 the most common of which was
non-paralytic strabismus [n=33] followed by sixth nerve palsy [n=19] and seventh nerve
palsy [n=12]. Only one child presented with non-paralytic strabismus which was an exotropia
in the context of poor vision in one eye secondary to an optic nerve glioma. One child had a
longstanding esotropia and had previously undergone strabismus surgery. Of the remaining
31 cases of non-paralytic strabismus observed during the period of follow up, 21 cases were
convergent and 10 cases were divergent. Tumours located in the posterior fossa were more

likely to lead to palsies of cranial nerves III, IV & VI [n=16, 30%] and seventh nerve palsy



[n=11, 20%], when compared to supratentorial tumours and palsies affecting cranial nerves
I, IV & VI [n=8, 11%] and seventh nerve palsy [n=0, 0%]. There was one seventh nerve
palsy in a child with tumour locations in both the posterior fossa and supratentorial region.
All 10 cases of internuclear ophthalmoplegia were in children with tumours located in the

posterior fossa.

On review of the electronic patient records (but not the ophthalmology paper notes) eighty-
four cases had reliable ophthalmic data at presentation and final follow up. Of these, 14
presented with a problem with eye movements (nystagmus, strabismus, diplopia), 26 had a
headache, 21 had vomiting and 10 reported other visual symptoms. Fifty-four patients had a
visual acuity of 6/9 or better at final follow up of whom 19 (35%) had neither visual or raised
intracranial pressure symptoms at presentation. Similarly, for those children with vision
worse than 6/9 in one eye at final follow up, 7 (27%) had neither visual or raised intracranial

pressure symptoms at presentation.

Thirteen ophthalmic surgical procedures were required for these children of which there were
6 strabismus operations, 4 tarsorrhaphies, 2 cataract extractions and 1 enucleation. The
enucleation was performed in a child with neurofibromatosis type 1 who had an intracranial

glioma and a retinoblastoma.

In our centre, patients were seen in the paediatric ophthalmology clinic on average 3.4 times
in the first year after diagnosis. It is however possible that some patients could have also been
seen in an emergency setting which would not have been captured. Those diagnosed within
the last 5 years were then seen on average twice per year, and those diagnosed over 5 years
ago were seen on average 0.7 times per year. In our cohort most of these children remain
under long-term follow up, with only 9 patients discharged, all of whom were originally

diagnosed and treated over 5 years ago.



Discussion

This study looked at a particular cohort of children who had been diagnosed with intracranial
tumours and were seen in the ophthalmology clinic at a single centre over an approximately
five-year period. The aim of this study was to define the caseload encountered by the
ophthalmologist working as part of the multi-disciplinary paediatric oncology team. Of
particular interest was to determine which ophthalmic surgical procedures are required in this

population as this has not to our knowledge been previously described.

The distribution in terms of sex and age at presentation (Figure 1) of children with
intracranial tumours as well as the breakdown of histological diagnosis were similar to large
case series described by oncologists and neurosurgeons>**3! (Table 4). This implies that most
children with intracranial tumours are also seen in the ophthalmology clinic. Of note, 31
tumours [24%] in our cohort were suspected to be low grade gliomas on neuro-imaging and
did not undergo biopsy to obtain a histological diagnosis and therefore were not included in

this table.

Large case series show tumour location to be roughly split with half in the posterior fossa and
the other half supratentorial'®!?. Our cohort mirrored this with 56% of tumours supratentorial
and 42% infratentorial with 2% occurring in both locations. One difference is that the Central
Brain Tumor Registry of the United States reported significantly fewer brainstem tumours at
11%?32. This could reflect referral bias or that there were differences in how tumour origin
was determined with most in our cohort based on the MRI report. This is however unlikely to
affect management by the ophthalmologist with broad distinctions between posterior fossa,
visual pathways and supratentorial being more relevant to the neuro-ophthalmic
manifestations that arise. Papilloedema was seen at initial presentation in only 30% of

21,26

children which is also similar to other reports in the literature=-* although as this was not a



prospective study it was not documented for all cases. Approximately half of the cases [n=20]
were in children with tumours in the posterior fossa and half supratentorial [n=19]. Our study
therefore highlights that a minority of children with brain tumours have papilloedema at
presentation and therefore the absence of this sign should not delay neuro-imaging if a brain

tumour is suspected.

Neuro-ophthalmic manifestations of paediatric brain tumours have previously been described
at presentation?!*2% but there was only one study identified which looked at those that arose
over the period of follow up in the paediatric ophthalmology clinic and consisted of 58
cases!2. Our study therefore defines the neuro-ophthalmic manifestations that are caused not
only by these tumours but also by the surgery, chemotherapy, conventional and proton beam
radiotherapy used to treat them. An example of this is that the two cataract extractions
identified in our study occurred in the same patient after radiotherapy which is a common
complication of craniospinal irradiation®*. This is therefore a manifestation that would not be
seen at presentation and would occur sometime after treatment and affect the care and
outcome for the child and family. This highlights the importance of careful monitoring in the
ophthalmology clinic to detect later onset complications to those seen at presentation.
Ongoing monitoring is also important to detect visual loss and signs that may indicate

recurrence or raised intracranial pressure?’.

Palsies of cranial nerves III, IV & VI were more common in children with tumours in the
posterior fossa [n=16, 30%] than the supratentorial region [n=8, 11%]. 11 of the 12 seventh
nerve palsies were in children with a tumour in the posterior fossa with one in a child with a
tumour in both locations; all internuclear ophthalmoplegia cases were in children with
tumours in the posterior fossa. These neuro-ophthalmic manifestations are therefore more
commonly encountered in posterior fossa tumours whilst papilloedema was roughly equal
between posterior fossa and supratentorial tumours.

9



We could not identify in the literature any studies which specifically looked at the types of
ophthalmic surgical procedures required in this cohort of children. Our study demonstrates
that a range of surgical procedures are required ranging from lid and strabismus to intraocular
surgery. After papilloedema, non-paralytic strabismus was the most common neuro-
ophthalmic problem seen in this cohort and strabismus surgery was the most prevalent

ophthalmic surgical procedure performed.

Our study has all the limitations of retrospective reviews: namely reliance on existing case
records and absence of standardization of initial assessment at presentation. Many of the
children did not have formal orthoptic review until after their initial decompression surgery.
Therefore it is difficult to conclude at exactly what point children developed strabismus.
Although we report 33 patients had non-paralytic strabismus during follow up, we suspect
that many of these patients had resolved paralytic strabismus which has been previously
reported®*. There was only one case in which a child presented with non-paralytic strabismus
which was an exotropia in the context of very reduced vision in one eye. One child also had a

longstanding esotropia that had previously been operated on and so was incidental.

Unlike previous studies which have focused on neuro-ophthalmic signs at presentation we
have aimed to define the role that the ophthalmologist plays in the long-term management of
children with intracranial tumours. Our study suggests that the tumour types referred to the
ophthalmology clinic broadly reflects the population of children with intracranial tumours as
a whole, indicating there is unlikely to be a referral bias. They result in a range of neuro-
ophthalmic manifestations either from presentation or that develop later during the course of
their treatment with papilloedema, non-paralytic strabismus and cranial nerve palsies being

the most common.
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We recommend that all children diagnosed with an intracranial tumour should have an
examination of eye movements, visual acuity assessment, and optic disc assessment at
presentation where clinically possible. Subsequently, children should be reviewed in the
ophthalmology clinic with a full orthoptic assessment and eye examination at each visit.
Clear recording of visual acuity in the clinic letter and electronic patient record also helps all
those involved in their care to identify problems and trends over time. The frequency of clinic
review depends on the risk of developing complications, such as raised intracranial pressure
or visual loss. In our study, visual or raised intracranial pressure symptoms at presentation
were not a predictor for visual deficit at final follow up and so each case must be assessed
individually. Depending on location, size and histology, we recommend 3-4 monthly review
in the first year and then 4-6 monthly to year 5 as a reasonable guide in line with the practice

in our department.

In conclusion the management of these children is complex and may require referral to other
disciplines, monitoring, symptomatic management and in approximately 10% of cases, a
range of ophthalmic surgical procedures. This demonstrates that the ophthalmologist requires
versatility in order to provide optimum ophthalmic care to this cohort of patients as part of

the MDT.

11



References

10.
1.

12.

13.

14.

15.

16.

17.

18.

Johnson KJ, Cullen J, Barnholtz-Sloan JS, Ostrom, Q. T.; Langer, C. E.; Turner, M.
C.; McKean-Cowdin, R.; Fisher, J. L.; Lupo, P.J.; Partap, S.; Schwartzbaum, J.
A.; Scheurer, M. E. Childhood brain tumor epidemiology: a brain tumor
epidemiology consortium review. Cancer Epidemiol Biomarkers Prev.
2014;23(12):2716-2736.

Kaderali Z, Lamberti-Pasculli M, Rutka JT. The changing epidemiology of paediatric
brain tumours: a review from the Hospital for Sick Children. Childs Nerv Syst.
2009;25(7):787-793.

Ward E, DeSantis C, Robbins A, Kohler B, Jemal A. Childhood and adolescent
cancer statistics, 2014. CA Cancer J Clin. 2014;64(2):83-103.

Wilne S, Koller K, Collier J, Kennedy C, Grundy R, Walker D. The diagnosis of brain
tumours in children: a guideline to assist healthcare professionals in the assessment of
children who may have a brain tumour. Arch Dis Child. 2010;95(7):534-539.
Ramanan M, Chaseling R. Paediatric brain tumours treated at a single, tertiary
paediatric neurosurgical referral centre from 1999 to 2010 in Australia. J Clin
Neurosci. 2012;19(10):1387-1391.

Sexton-Oates A, MacGregor D, Dodgshun A, Saffery R. The potential for epigenetic
analysis of paediatric CNS tumours to improve diagnosis, treatment and prognosis.
Ann Oncol. 2015;26(7):1314-1324.

Louis DN, Perry A, Reifenberger G, von Deimling, A.; Figarella-Branger, D.;
Cavenee, W. K.; Ohgaki, H.; Wiestler, O. D.; Kleihues, P.; Ellison, D. W.,. The
2016 World Health Organization Classification of Tumors of the Central Nervous
System: a summary. Acta Neuropathol. 2016;131(6):803-820.

Campbell C, Greenfield JP. Precision oncogenomics in pediatrics: a personal
reflection. Cold Spring Harb Mol Case Stud. 2018;4(2).

Carpten JC, Mardis ER. The era of precision oncogenomics. Cold Spring Harb Mol
Case Stud. 2018;4(2).

Albright AL. Pediatric brain tumors. CA Cancer J Clin. 1993;43(5):272-288.

A VMZ. Supratentorial and infratentorial localization of brain tumors in various
periods in childhood. In. Vol 45. Cesk Paediatr.1990:78-80.

Santamaria AMRAIEJSM. Ophthalmological findings in pediatric brain neoplasms :
58 case. In. Vol 83(8). Arch Soc Esp Oftalmol2008 471-477.

Fuller CE, Jones DTW, Kieran MW. New Classification for Central Nervous System
Tumors: Implications for Diagnosis and Therapy. Am Soc Clin Oncol Educ Book.
2017;37:753-763.

Wilne SH, Dineen RA, Dommett RM, Chu TP, Walker DA. Identifying brain tumours
in children and young adults. BMJ. 2013;347:15844.

Persaud-Sharma D, Burns J, Trangle J, Moulik S. Disparities in Brain Cancer in the
United States: A Literature Review of Gliomas. Med Sci (Basel). 2017;5(3).

Pollack IF. Multidisciplinary management of childhood brain tumors: a review of
outcomes, recent advances, and challenges. J Neurosurg Pediatr. 2011;8(2):135-148.
Fischer C, Petriccione M, Donzelli M, Pottenger E. Improving Care in Pediatric
Neuro-oncology Patients: An Overview of the Unique Needs of Children With Brain
Tumors. J Child Neurol. 2016;31(4):488-505.

Williams AS, Hoyt CS. Acute comitant esotropia in children with brain tumors. Arch
Ophthalmol. 1989;107(3):376-378.

12



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Schreuders J, Thoe Schwartzenberg GW, Bos E, Versteegh FG. Acute-onset
esotropia: should we look inside? J Pediatr Ophthalmol Strabismus. 2012;49
Online:e70-72.

Georgalas I, Pagoulatos D, Rouvas A, Koutsandrea C. The importance of testing
colour vision in identifying brain tumours in children. BMJ. 2013;347:6600.
Wilne SH, Ferris RC, Nathwani A, Kennedy CR. The presenting features of brain
tumours: a review of 200 cases. Arch Dis Child. 2006;91(6):502-506.

Wilne S, Collier J, Kennedy C, Koller K, Grundy R, Walker D. Presentation of
childhood CNS tumours: a systematic review and meta-analysis. Lancet Oncol.
2007;8(8):685-695.

Hayashi N, Kidokoro H, Miyajima Y, Fukazawa, T.; Natsume, J.; Kubota, T.;
Kojima, S.. How do the clinical features of brain tumours in childhood progress
before diagnosis? Brain Dev. 2010;32(8):636-641.

Alswaina N, Elkhamary SM, Shammari MA, Khan AO. Ophthalmic Features of
Outpatient Children Diagnosed with Intracranial Space-Occupying Lesions by
Ophthalmologists. Middle East Afr J Ophthalmol. 2015;22(3):327-330.

Tagoe NN, Essuman VA, Fordjuor G, Akpalu J, Bankah P, Ndanu T. Neuro-
Ophthalmic and Clinical Characteristics of Brain Tumours in a Tertiary Hospital in
Ghana. Ghana Med J. 2015;49(3):181-186.

Lanphear J, Sarnaik S. Presenting symptoms of pediatric brain tumors diagnosed in
the emergency department. Pediatr Emerg Care. 2014;30(2):77-80.

Stocco C, Pilotto C, Passone E, Nocerino, A.; Tosolini, R.; Pusiol, A.; Cogo, P.,.
Presentation and symptom interval in children with central nervous system tumors. A
single-center experience. Childs Nerv Syst. 2017;33(12):2109-2116.

Jariyakosol S, Peragallo JH. The Effects of Primary Brain Tumors on Vision and
Quality of Life in Pediatric Patients. Semin Neurol. 2015;35(5):587-598.

Lorenz M, Graf N, Konig J, Ruprecht KW, Kdsmann-Kellner B. [Eye findings in
paediatric brain tumour - data basis for a follow-up proposal]. Klin Padiatr.
2002;214(3):117-125.

Rickert CH, Paulus W. Epidemiology of central nervous system tumors in childhood
and adolescence based on the new WHO classification. Childs Nerv Syst.
2001;17(9):503-511.

Santos MM, Faria CC, Miguéns J. Pediatric central nervous system tumors: review of
a single Portuguese institution. Childs Nerv Syst. 2016;32(7):1227-1236.

Ostrom QT, Gittleman H, Liao P, Vecchione-Koval, T.; Wolinsky, Y.; Kruchko, C.;
Barnholtz-Sloan, J. S. CBTRUS Statistical Report: Primary brain and other central
nervous system tumors diagnosed in the United States in 2010-2014. Neuro Oncol.
2017;19(suppl_5):v1-v88.

Whelan RJ, Saccomano B, King R, Dorris, K.; Hemenway, M.; Hankinson, T. C.;
Liu, A. K.. Radiation-induced Cataracts in Children With Brain Tumors Receiving
Craniospinal Irradiation. J Pediatr Hematol Oncol. 2018.

Bratton ML, Hoehn ME, Morris B, Merchant TE, Gajjar A, Patel R, Keer NC.
Residual starbismus in children following improvement of cranial nerve palsies
affecting ocular ductions. Am Orthopt J. 2015; 65: 87-93

13



Figure legends:

Figure 1: Shows the age at presentation for boys and girls

Table 1: Breakdown by histology for all tumours and for children who died

Table 2: Break down of tumour locations for the whole cohort

Table 3: Frequency of neuro-ophthalmic complications in the cohort

Table 4: Breakdown of tumours in our cohort with a histological diagnosis versus large
cohorts taken from:

Rickert CH, Paulus W. Epidemiology of central nervous system tumors in childhood and
adolescence based on the new WHO classification. Childs Nerv Syst. 2001;17(9):503-511.
Kaderali Z, Lamberti-Pasculli M, Rutka JT. The changing epidemiology of paediatric brain
tumours: a review from the Hospital for Sick Children. Childs Nerv Syst. 2009;25(7):787-
793.
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