1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Opin Neurol. Author manuscript; available in PMC 2020 February 01.

-, HHS Public Access
«

Published in final edited form as:

Curr Opin Neurol. 2019 February ; 32(1): 75-81. doi:10.1097/WC0.0000000000000644.
Visual function in children with primary brain tumors
Jason H. Peragallo, MD [Assistant Professor of Ophthalmology and Pediatrics]
Emory University, Atlanta, GA, USA, 1365B Clifton Rd NE, Atlanta, GA 30322, Ph-

(404)778-5360, Fax- (404)778-4849, jperaga@emory.edu

Abstract

Purpose of review: To review the recent advances in understanding how primary brain tumors

affect vision in children.

Recent findings: Children with primary brain tumors may have vision loss due to involvement
of their afferent visual pathways or from papilledema. These vision deficits may go unrecognized
until later in life, years after treatment of the primary lesion. Strabismus and cranial nerve palsies
may occur as a result of brain tumors. Ophthalmologists can monitor and treat young children at
risk for vision loss from amblyopia as a result of effects from their underlying lesion. Advances in

imaging techniques have made it possible to quantify damage to the visual pathways with
objective tests.

Summary: Systematic referrals for evaluation by an ophthalmologist should occur early in the
course of treatment of primary brain tumors as these evaluations may improve visual outcomes

and quality of life.
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Introduction

Having a child diagnosed with a primary pediatric brain tumor is often a devastating event
for the child and for their family. Pediatric brain rumors are relatively unusual occurrence,
and survivorship of these lesions is improving, however they can have long-term sequelae
for the survivors of such lesions.1 A significant portion of the brain is involved in some way
in vision. These tumors can affect vision by distorting, damaging, and destroying both the
afferent and efferent visual pathways. Intrinsic tumors of the optic pathways (optic pathway
gliomas) will not be specifically discussed in this review as they are extensively discussed in

other reviews.
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Demographics

Currently cancer is the second most common cause of death in the United States.? In the
pediatric and adolescent population cancer is the most common cause of non-accidental
death.? Leukemia is the most common cause of death from cancer in this population, and
central nervous system lesions are the second most common cause of death.? In children
under 14 years old, brain and central nervous system tumors are the most common solid
malignancy.3# For the year 2018 an estimated 4,610 children and young adults will be
diagnosed with a new brain or central nervous system neoplasm.*

Survivorship of pediatric central nervous system neoplasms has been improving over time.
This is likely due to improvements in our treatment modalities, the introduction of new and
risk-adapted chemotherapies and immunotherapies, improved neuroimaging techniques for
monitoring for disease recurrence or progression, and improved radiation techniques.> 8
Children are more often having their care transitioned to long-term survivorship clinics as
they are surviving their primary disease, and in such settings outcome measures tend to be
geared more toward quality of life measures than survival alone.”:8

Effects on afferent visual system

Brain tumors in children can lead to decreased visual acuity, contrast sensitivity, color vision
loss, and visual field loss, from involvement of the optic nerves directly (through
compression or infiltration), or from involvement of the primary visual cortex, optic tracts,
optic radiations, and lateral geniculate nuclei. Obstructive hydrocephalus, mass effect,
invasion or obstruction of the venous sinus system, or leptomeningeal disease can lead to
elevated intracranial pressure and papilledema, causing loss of vision as well.

Evaluating children with brain tumors that may be affecting the afferent visual system can be
challenging as obtaining the subjective visual examination may be nearly impossible, and
may only give a gross estimation of function. For example in a young child one may only be
able to perform confrontational visual fields with a toy to achieve a gross response of the
child looking at a novel stimulus, whearas for a cooperative adult one is able to perform
formal automated perimetry. Young children with brain tumors have the additional risk of
developing vision loss from amblyopia due to deprivation or strabismus, in addition to the
risk of vision loss from the tumor itself.” In normal maturation, the occipital cortex
continues to develop through approximately 8 years of age. If normal vision is not restored
to the amblyopic eye before the end of this period, that potential vision is permanently lost.
Ophthalmologists can treat amblyopia through correcting refractive errors, occlusion
therapy, and strabismus surgery when necessary. Many articles have been published on
outcomes following treatment for pediatric brain tumors, and we will examine some of the
most recent visual system outcomes.

A study of 10 patients who underwent neurosurgical procedures for brain tumors found that
four of these children had significant vision loss in the perioperative setting, however this
study did include optic nerve gliomas.® Seven of the eight of the children who had
preoperative ophthalmologic examinations had decreased vision prior to their surgery.®
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Craniopharyngiomas often cause vision loss as a result of the tumor origin’s close
relationship with the optic nerves, optic chiasm, and optic tracts [Figure]. A recent
retrospective study of 59 children with craniopharyngiomas evaluated their long term visual
outcomes, and found that over a median follow-up time of 5.2 years, 29% of patients had
worsening of visual function.10 Approximately half of the patients who experienced
worsening of vision after diagnosis lost vision within four months of diagnosis, the
remainder lost vision with no particular pattern to the timing of vision loss throughout their
follow-up.10 Younger age at diagnosis and tumor recurrence were associated with worsening
of vision.10 At final follow-up only 42% of patients had normal vision, 24% were visually
impaired, and 34% were legally blind.10 A retrospective evaluation of 61 children with sellar
or parasellar lesions who underwent neurosurgical procedures found that the majority had no
change in vision (58.3%), and 10% had an improvement in vision, but 25% had worsening
of vision.! Four patients (6.7%) had complete vision loss in one eye, eight (13.3%)
developed new visual field defects.1!

Pineal tumors can lead to vision loss as well, and a retrospective chart review of 20 children
describing optic atrophy in 5%, and homonymous hemianopia in 5%.12 Hankinson et al.
reviewed the charts of 29 children with pineal tumors and found that 69% had papilledema,
but only 4% had visual field defects, and no child had decreased vision at their last visit.13

Obtaining visual fields in young children can be extremely challenging. For some of the
youngest children, confrontation visual fields are the best test that can be performed, with
questionable reliability. Visual field defects may go unnoticed at the time of brain tumor
diagnosis due to lack of formal testing, normal or near normal visual acuity, and lack of
complaints from the patient. A review of 81 children presenting to a tertiary eye center who
were found to have a homonymous hemianopia were found to have a traumatic etiology for
their visual field defect in 34%, and intracranial neoplasms caused 27%.14 Improvement in
the hemianopia occurred at final follow-up in 39% of the patients.1# An evaluation of
children diagnosed with central nervous system tumors who had not been previously
diagnosed with visual field defects found that 15.2% had unrecognized visual field defects.1®
These children were diagnosed with visual field defects an average delay of 3.7 years after
their initial tumor diagnosis.® Juvenile pilocytic astrocytomas were the most frequently
associated neoplasm with unrecognized visual field defects, and the most frequent locations
were in the temporal lobes and hemispheric lesions.1> Hemianopias were present in 79% of
those patients who were discovered to have visual field defects.1® This is extremely
important, especially from a quality of life standpoint, as the presence of a hemianopia
prevents these children and adolescents from driving for their entire lives, which can affect
access to employment opportunities in the future. Interestingly the authors found no
association between the presence of an unrecognized visual field defect and age.1® If
detection of a visual field defect was not reliable due to limited testing ability in younger
children, one would expect more frequent unrecognized visual field defects going missed in
younger children.
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Effects on Efferent visual system

Intracranial neoplasms can lead to strabismus and cranial nerve palsies. This can be
particularly difficult to manage in the pediatric population as strabismus, and ptosis, from a
third nerve palsy in young children can lead to amblyopia and permanent vision loss due to
lack of proper development of the visual pathways. Once vision is lost in an eye from
amblyopia or damage to the visual pathways, restoring binocular visual function becomes
more difficult.

Children with pineal tumors have efferent visual system derangements more often than
afferent visual system, with all patients having some element of Parinaud syndrome,
horizontal strabismus in 25%, and skew deviation in 15%.12 In Unsinn’s retrospective
evaluation of neurosurgery patients with sellar or parasellar lesions, 10 (16.7%) patients
developed diplopia following their surgical intervention.1! Posterior fossa tumors more
frequently lead to strabismus or cranial nerve palsies than more anterior lesions.1® Following
treatment of a posterior fossa lesion 23% of children developed nystagmus and 42% of
children developed strabismus.1” At some point strabismus surgery was performed for 41%
of those children who had developed strabismus.1’

One study of 23 children with brain tumors who developed strabismus evaluated the ocular
motility outcomes in this population.18 A total of 60% of these patients were returned to
orthotropia either after treatment of their underlying lesion, or after strabismus surgery
(9/23), suggesting that strabismus surgery is a reasonable option for these patients.18 For
patients with brain tumors improvements in quality of life should be balanced with the risk
for clinical deterioration in the short-term and should be discussed prior to undergoing a
surgical intervention.

Presenting signs of an intracranial tumor in the pediatric population

Many of the signs and symptoms of harboring an intracranial tumor are non-specific in the
pediatric population. These children may have multiple visits to the emergency room or to
their pediatrician for non-specific complaints prior to having a diagnosis of an intracranial
tumor made. A meta-analysis of 74 papers on central nervous system tumors identified the
most frequent signs and symptoms of intracranial tumors, including headache (33%), nausea
and vomiting (32%), gait and coordination abnormalities (27%), and papilledema (13%).19
Children under 4 years of age had a rate of macrocephaly of 41%.1° For posterior fossa
tumors specificially, nausea and vomiting were more frequent (75%), as well as headache
(67%), abnormalities of gait and coordination (60%), and papilledema (34%).1° Cranial
nerve palsies were present in 52% of patients with brainstem tumors.® Overall symptoms of
increased intracranial pressure were present in about 40% of patients, and could be present
in affected children regardless of the location of the underlying tumor.1® The authors
stressed the importance of a thorough ophthalmologic examination, as visual system
abnormalities were present frequently in these patients.1® A recent analysis of pediatric
craniopharyngioma patients in Toronto similarly found that 76% of patients presented with
symptoms of headaches, 32% with nausea and vomiting, 31% with vision loss, and 12%
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with diplopia.1? Signs on examination included 63% with hydrocephalus, 42% with optic
nerve edema, and 41% with optic nerve pallor.10

A single center retrospective chart review evaluated the presenting signs and symptoms of
children in the emergency department who were eventually diagnosed with intracranial
tumors. This study of 87 pediatric brain tumor patients found that some of the most frequent
signs and symptoms were headache (67%), nausea and vomiting (49%), gait disturbance
(43%), cranial nerve deficits (23%), vision changes (21%), papilledema (13%), ptosis (6%),
and anisocoria (1%).29 However, the authors note that only 58% of these children had any
funduscopic evaluation documented, and a large percentage of children had no
documentation regarding the presence or absence of papilledema.29 The authors
acknowledged that fundoscopic examination is an essential part of the neurologic
examination, and is essential to perform for children who are suspected of harboring an
intracranial central nervous system lesion.20

A retrospective chart review of pediatric brain tumor patients looked specifically at children
who were diagnosed with brain tumors as a result of an evaluation by an ophthalmologist.
This review of 26 children found that 46% of children had optic nerve atrophy, 46% had
vision loss, 24% had papilledema, 24% had nystagmus, 19% had sixth nerve palsies, and
12% had a third nerve palsy.2! Multiple ophthalmic abnormalities could be present in the
same patient, and this again highlights the importance of an ophthalmologic examination in
making the diagnosis of a brain tumor, and the importance of an eye examination for
assessing vision status following the initial diagnosis of a brain tumor.

Late effects of intracranial neoplasms and their treatment on vision

Advances

Following treatment and survival of a pediatric brain tumor, these children remain at risk for
vision loss. In the Childhood Cancer Survivor Study, children had an 11.9 relative risk of
developing cataracts when compared to their siblings.! They were also had a 14.8 relative
risk for unilateral or bilateral blindness, and a 8.8 relative risk of diplopia.l Radiation
therapy may lead to radiation necrosis and radiation optic neuropathy, leading to vision loss
occurring months to years after treatment. One study found that 82% of patients with central
nervous system tumors developed a late effect of vision loss following radiotherapy,
compared with 50% among those who did not receive radiation.22

In monitoring vision in pediatric brain tumor patients

Visual field techniques have not changed significantly in recent years, but several proposed
methods for screening and evaluating for visual field defects have been developed. These
include advanced neuroimaging combined with functional MRI,23 behavioral kinetic
perimetry,24 static perimetry with eye tracking (saccadic vector optokinetic perimetry),2>
static perimetry with video tracking,28 and a game based visual field assessor.2’

Optical coherence tomography has given ophthalmologists another advanced method for
monitoring visual pathway status in patients with brain lesions. Retinal nerve fiber layer
thickness has been found to correlate with visual acuity and visual field defects in pediatric
craniopharyngioma patients.28 Avery has demonstrated that hand-held optical coherence
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tomography devices can be used in pediatric optic pathway glioma patients, and that retinal
nerve fiber layer defects measured with this device correlate with visual field defects and
visual acuity l0ss.2930 Ganglion cell layer complex thickness can also be used to monitor
optic neuropathies, with ganglion cell layer defects correlating with visual field defects.3! It
has been found that patients with compressive chiasmal lesions with visual defects without
ganglion cell complex layer thinning have better chances of visual recovery after relief of
compression.32 Additionally, adult patients with pituitary lesions who have radiologic
compression of the optic chiasm but normal vision with normal visual fields may
demonstrate ganglion cell layer thinning as a subtle sign of early compressive optic
neuropathy that otherwise would go undetected due to their normal visual parameters, and
they may even have a normal retinal nerve fiber layer measurement.33

Quality of life

Quality of life can be adversely affected as a result of a brain tumor’s effects on vision.
Pediatric brain tumor survivors have lower health-related quality of life scores than other
cancer survivors as well as healthy counterparts.”-34:35 Vision related quality of life has been
assessed in pediatric optic pathway glioma patients, and patients with vision loss were found
to have lower scores than patients with normal vision,36 but this has not been assessed in
pediatric patients with primary brain tumors.

Conclusions

Primary brain tumors can have significant effects on vision and quality of life. These effects
may not be identified at presentation, and may not be identified until a formal
ophthalmologic evaluation is performed. Systematic referral to ophthalmologists for
evaluation of children with brain tumors may help identify visual pathway abnormalities,
and lead to better visual outcomes and quality of life.
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Key Points

. Children with primary brain tumors are at risk for vision loss, optic
neuropathy, strabismus, and cranial nerve palsies, and should have
ophthalmologic evaluations systematically.

. Despite treatment of the underlying primary brain tumor, children may have
residual visual function abnormalities that can continue to affect quality of
life.

. Papilledema is frequently not documented due to lack of a funduscopic

examination in children with primary brain tumors, and visual field defects
often go unrecognized until later in life.
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Figure: Craniopharyngioma leading to vision loss with bitemporal hemianopia

An 8-year old girl presented to her ophthalmologist after her parents suspected she had a
visual field defect. She was found to have severe vision loss in the right eye and a temporal
visual field defect in the left eye. Sagittal T1-weighted with fat suppression and FLAIR post-
gadolinium image (A) and coronal T1-weighted with fat suppression and FLAIR post-
gadolinium image (B) demonstrated a large predominantly cystic sellar and suprasellar mass
with nodular enhancement and severe compression of the optic chiasm. Surgical resection
revealed craniopharyngioma. Neuro-ophthalmic examination one year following resection
and proton-beam radiation demonstrated visual acuities of 20/40 OD, 20/20 OS, a 0.9 log
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unit right relative afferent pupillary defect, diffuse pallor of the right optic nerve and
temporal pallor of the left optic nerve (C). Compression of the optic chiasm let to a
bitemporal hemianopia, worse in the right eye, as demonstrated on Goldmann visual fields
(D). Optical coherence tomography demonstrated thinning of the retinal nerve fiber layer
OD worse than OS (E).
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