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Abstract

More than 90 years have passed since Baily and Cushing first introduced a histogenetic
classification for tumours of the cranial nervous system (CNS). More recently, our knowl-
edge of the genetic and molecular basis of tumorigenesis has caused a major paradigm shift
towards defining tumours genetically, thus allowing greater diagnostic accuracy and prog-
nostication to better guide tumour management. Correspondingly, successes in integrated
management and improved survival rates have shifted attention towards overall quality
of life studies, where psychosocial sequelae and adjustment implications are of particular
interest to mental health professionals. To date, research relevant to this field has focused
on the identification of neuropsychiatric symptoms at manifestation of illness. Such studies
indicate that mood, cognition and psychosocial functioning are important factors in early
diagnosis, mediating health outcomes, especially following radical and risk-adapted anti-
neoplastic treatment. In addition to psychological burden, the neuropsychiatric aspects
of childhood CNS tumours, including posterior fossa syndrome and cerebellar cognitive
affective syndrome, are increasingly recognised as crucial causes of poor outcomes. The
chapter ahead will initially address the shifting landscape of neuro-oncology, and then
provide an overview of the neuropsychiatric aspects of CNS tumours in childhood, high-
lighting the underlying neurobiological and pathogenic mechanisms, whenever possible.

Keywords: childhood CNS tumours, cerebellar cognitive affective syndrome, posterior
fossa syndrome, cerebellar mutism, neuropsychiatric presentation, neuropsychiatric
outcomes

1. Introduction

Central nervous system (CNS) tumours are one of the most common cancers among children
and adolescents, with an incidence rate of 5.57 per 100,000 population [1]. Among children
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(aged 1-14 years) they account for 26% of all childhood cancers, and are thus second only to
leukaemia (29%); in adolescents (aged 15-19 years) they remain the second most common
cancer (17%), following lymphoma (21%). Overall, CNS tumours represent the leading cause
of cancer mortality in all individuals aged <20 [2]. However, a multitude of advancements in
early diagnosis and risk-adapted treatment has resulted in increased survival; the importance
of psychological and neurocognitive outcomes is thus more apparent than ever. Of course,
childhood neuropsychiatry remains a nascent discipline and therefore it is prudent to begin
with an overview of the current landscape of neuro-oncology.

The most utilised classification system for brain tumours — the 4th edition of the “World Health
Organisation (WHO) Classification of Tumours of the CNS’ (2007) —was recently updated in
2016 [3]. It marks a conceptual milestone, finally enhancing the century-old principle of his-
togenesis-based nosology; this is largely due to the addition of molecular markers into CNS
tumour classification. Evidently, we are entering a new era of neuro-oncology, with promise
of superior clinical, experimental and epidemiological methods that may bring ‘personalised
or ‘precision medicine’, within reach [3, 4].

Previously, tumours of the CNS were exclusively recognised by their morphological resem-
blance to constituent cells, including astrocytes, oligodendrocytes and ependymal cells.
However, this system had three major deficiencies: first, differentiation can co-exist within
the tissue of a single tumour; second, the accuracy of the prognosis was suboptimal; and most
crucially, inter-observer differences were very apparent among neuropathologists [5].

With regards to diagnostic concordance, the discovery of a codeletion of chromosome 1p
and 19q in oligodendroglioma signalled marked progress; it likely contributed to the inspira-
tion behind the molecular underpinning of “WHO 2016’ [6]. Indeed, oligodendroglia-like cells
in various neuroepithelial tumours have always been a diagnostic challenge due to diverse
differentiation and biological behaviour; alternatively, the 1p/19q codeletion correlated with
the classic oligodendroglioma morphology as well as the clinical, radiological and biological
characteristics, i.e., gliomas harbouring 1p/19q are a coherent single entity, and thus provide
superior inter-observer reliability [5].

Moreover, these molecular stratifiers provide prognostic and predictive information: for
example, Isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2, respectively) mutations are
found almost exclusively in infiltrating astrocytomas and oligodendrogliomas [7, 8]; con-
versely, a medulloblastoma with genetic alterations in the wingless (WNT) pathways sug-
gests excellent long-term survival rates [9]. As these tumour sub-classifications are informed
by transcriptomes with similar biological behaviour, they will likely respond to correspond-
ing targeted treatments, an approach that will drive many other successful anti-neoplastic
therapies in the future [10, 11].

1.1. CNS tumour classification

The new nomenclature in CNS tumour classification empowers a clinician to pragmatically and
scientifically construct a diagnosis by combining the histopathological name with the genetic
determinant (if unavailable, ‘NOS’ suffix is used, i.e., not otherwise specified): conventional
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histology determines the initial stratification (e.g., ‘diffuse glioma’); and secondly, a molecular
defined genotype is added to denominate the subset, e.g., IDH-mutant (note: the genotype fol-
lows a comma and includes an adjective). Therefore, examples read as follows: ‘Diffuse astro-
cytoma, IDH-mutant’; “Medulloblastoma, WNT-activated” and so forth. Of note, the WHO
grading system remains informed by histology only; thus each tumour is graded between I and
IV (note: Roman numerals), in accordance with the degree of anaplasia, mitotic activity with
microvascular proliferation and/or necrosis [8].

1.2. Medulloblastoma

Medulloblastoma (MB), a small blue cell malignancy of the cerebellum, is an embryonal tumour
and represents the most common malignant brain tumour of childhood. Asides from its impor-
tance in paediatric neuro-oncology, MB will be discussed frequently in this chapter due to its
relevance in childhood and adolescent neuropsychiatry. The ‘medulloblastoma’ —originally
named in 1925 for its anatomical and histopathological traits [12] —is nowadays defined by a
genetic biomarker: namely, either “‘WNT-activated’, “'SHH-activated’, “group 3" or ‘group 4'.
Nevertheless, diagnosis is gleaned from genome-wide transcriptomic and DNA methylation
patterns, in addition to these distinct clinicopathological and molecular features. The wingless
(WNT) and Sonic Hedgehog (SHH) subgroups are named for the signalling pathways thought
to play prominent roles in their individual — and eponymously titled - pathogenesis, i.e., these
MB subgroups are underpinned by WNT or SHH-activating mutations [5]. In contrast, MB
group 3 and MB group 4 have few mutations but exhibit multiple DNA copy number altera-
tions [13]. MB typically develops in children aged between 4 and 9 years, with a higher rate
in boys. This predilection for onset in childhood is illustrated by the US incidence rate of 6
per million in children (1-9 years), a rate 10 times higher than that seen in the adult popula-
tion [14], a statistic underpinned by histological and genetic differences, with more mutations
observed in medulloblastoma of childhood when compared to that of adult-onset [15].

The subgrouping of MB has been useful in facilitating direct treatment strategies and reduc-
ing long-term intellectual and neuro-endocrine impairments associated with existing multi-
modal therapies [16]. The subgroups also add prognostic and predictive value; for example,
in contrast to adult WNT-activated MB, children in this subgroup have an excellent overall
prognosis (>90%) [17, 18]. Therefore, individualised and reduced intensity risk-adapted thera-
pies are in development [19]. Moreover, SHH pathway inhibitors have had success in treating
SHH-activated disease in early-phase trials [20]. Of note, the prognosis of SHH-activated MB
is dictated by the presence of TP53 mutations, half of which are underlined by germline muta-
tions and thus associated with secondary tumours [21, 22]. Evidently, genetic counselling is
paramount for all families of children with MB with SHH-activation [23].

There are other high risk clinical factors in MB, and include: metastatic disease; large-cell, ana-
plastic (LCA) pathology; incomplete surgical resection; and MYC amplification [16]. Of note, the
histological subtypes of MB have not been dramatically changed in “WHO 2016". However, large
cell and anaplastic variants have been married to reflect their typical co-occurrence; this single
entity (LCA) has a very poor prognosis. Furthermore, molecular and histological subtypes co-
exist in many cases, e.g., "WNT-activated” MB almost always has classic histology (Figure 1).
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Molecular Subgroups of Medulloblastoma
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Figure 1. Molecular subgroups of medulloblastoma: A comparison of the various subgroups of medulloblastoma,
adapted from Taylor et al. [10] with permission.

Evidently, the molecular era has sparked a rapidly propagating area of research which will
further optimise CNS tumour diagnosis, treatment and outcomes. The latter is inextricably
linked to psychological well-being; thus, it is crucial that psychiatric illness and neurocog-
nitive deficits are investigated, recognised and addressed in order that a truly optimal and
holistic clinical outcome is achieved. Therefore, the many guises of neuropsychiatry and its
management will be the main focus of the remaining chapter.

1.3. Neuroanatomical correlates

The differential of a suspected CNS tumour can be narrowed by designating its location as ‘supra-
tentorial” or ‘infratentorial’, depending on whether it originates above or below the tentorium cer-
ebella/cerebellar tentorium (Latin for “tent of the cerebellum”); the tentorium is an extension of the
dura matter that separates the cerebellum from the inferior portion of the occipital lobes [24]. A
cancer’s ‘tentorial topography’ varies across the lifespan: toddlers (aged 2-3 years) and adults are
most likely to have supratentorial tumours; conversely, an infratentorial origin is more common
in young children (aged 4-10); however, in older children and teenagers (i.e., aged 10-18 years)
supratentorial and infratentorial tumours may occur with equal frequency [25] (Figure 2).

The supratentorial region—specifically the supra or (para)sellar area—hosts three main
paediatric cancer types: craniopharyngioma, optic pathway/hypothalamic glioma and
germ cell tumours. Several studies have shown that supratentorial tumours generally
result in greater morbidity than infratentorial tumours in surviving children and adults [4].
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Figure 2. Illustration of the tentorium; including supratentorial and infratentorial view. Adapted from The American
Brain Tumor Association with permission.

Supratentorial tumours are most commonly associated with the non-specific symptoms of
raised intracranial pressure, seizures and papilledema. Any centrally localised neoplasm
will also present vaguely (bar visual symptoms); headache, nausea and vomiting are com-
monly reported [26].

In the infratentorial region, the common tumours are MB, low-grade cerebellar astrocytoma,
brain stem glioma and ependymoma; the commonest posterior fossa tumours of childhood
are brainstem glioma, MB, ependymoma and cerebellar astrocytoma. When presenting as
posterior fossa tumours, MB (and other cancers) cause vague symptoms such as nausea, vom-
iting, headache and papilledema. Additionally, they may present with gait disturbance and/
or incoordination, i.e., signs that are also seen in brain stem and spinal cord tumours. Of note,
back pain is a common manifestation of spinal cord tumours, whereas cranial nerve palsies
and pyramidal signs would suggest brain stem tumours [26].

At times, clinical suspicion may be strengthened by comparatively specific signs and symp-
toms of infratentorial lesions: for example, brainstem involvement can cause extra-ocular
muscle impairment, facial paresis, swallowing difficulties, hemiparesis, quadriparesis, ataxia
or dysmetria; similarly, ataxia, dysmetria, headache, nausea, vomiting, neck pain or extra-
ocular muscle impairment can correspond with posterior fossa involvement [27].

MB typically develops in the midline, within the vermis; however, paediatric MB is also char-
acterised by growth into the fourth ventricle [28]. Radiologically, MB is hyperdense on CT but
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hypointense on T1-W MRI and T2-W MR [29] usually demonstrating homogeneous enhance-
ment with gadolinium administration [30].

2. Neuropsychiatric presentation of brain tumour

Unsurprisingly, a child with a brain tumour rarely presents to a psychiatrist at the manifesta-
tion of illness. Nevertheless, neuropsychiatric presentations in children with brain tumours
can, and do, come to the attention of psychiatrists, albeit infrequently. The psychiatric and
behavioural presenting symptoms of CNS tumours and/or subsequent iatrogenic sequelae
include internalising presentations (mood and anxiety disorders), mutism, pseudobulbar
symptoms, somatic problems, externalising presentations (such as aggression), eating disor-
ders, psychosis, and hyperkinetic disorders. The clinical course is multi-faceted: the symptoms
may appear early as the presenting complaint; later, following a confirmed (tumour ) diagno-
sis; as a complication of anti-neoplastic therapy; or as an ‘adjustment disorder’. Nevertheless,
there is a relative paucity of studies that describe the neuropsychiatric symptoms associated
with this cohort of patients [26].A literature review was conducted by Zyrianova et al. [26]
to address childhood CNS tumour presentations of a ‘neuropsychiatric’ nature; the many
possible combinations of symptoms—from psychiatric to physical/neurological —largely
depended on the location and extent of the tumour [26]. Interestingly, the location of the
lesion strongly correlated to neuropsychiatric prognosis. Supratentorial, right-sided cerebel-
lar and vermal lesions all demonstrated the poorest outcomes [31-34]. Specifically, lesions of
the vermis were associated with dysregulation of affect [33].

In certain cases, neurobehavioural disorders are known to increase the risk of develop-
ing a childhood brain tumour. For example, children with Autism Spectrum Disorder are
more likely than the general paediatric population to develop a CNS malignancy [34].
Furthermore, mere behavioural (and ‘mental’) symptoms existed pre-morbidly in a quar-
ter of children with a subsequent diagnosis of thalamic tumours in a case series [35]. A
retrospective case note review of 200 children with brain tumours demonstrated that neu-
rological symptoms (present in 88% of patients) were only twice as common as ‘educa-
tional or behavioural problems’; moreover, the latter represented the initial presentation
in 10% of cases [36].

2.1. Case series

There are no large-scale studies that specifically assess the presenting symptoms of childhood
brain tumours in a psychiatric context. Nevertheless, several case reports/small case series
have highlighted specific psychiatric symptoms that heralded a brain cancer, as follows:

* An intracranial germinoma presented in an adolescent male as a first episode psychosis.
This followed a 3-month history of negative symptoms, daytime somnolence, ‘distorted
thought processes” and memory loss; the only positive symptoms were ‘sporadic visual
sensations” at the edge of the visual field [37].
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¢ A left temporal lobe tumour presented as psychosis in an 18-year-old girl. It was character-
ised by withdrawal, paranoia, ideas of reference and derealisation. Of note, her neurologi-
cal examination had been normal [38].

* A case series of three paediatric patients illustrated cerebral malignancies which had imi-
tated neuropsychiatric diagnoses, namely one case of Giles de la Tourette Syndrome(GTS)
and two cases of obsessive-compulsive disorder (OCD) [39]. The first patient, initially di-
agnosed at 18 months with a malignant hypothalamic tumour (with local spread), devel-
oped vocal and facial tics in childhood. Surgery successfully resolved the tics; nevertheless,
compulsions, such as ‘rocking’, ‘skin picking” and hyperphagia emerged post-operatively.
The second case, parietal malignancy in a male child, was heralded by a worsening of a
pre-morbid obsessive-compulsive syndrome, although eye signs and seizures ultimately
developed. The third case, a 4-year-old boy with pre-morbid diagnoses of OCD, GTS and
attention deficit hyperactivity disorder (ADHD), developed a severe depressive illness and
worsening (‘incapacitating’) motor and verbal tics prior to a diagnosis of midbrain glioma.

* Anorexia, including cognitive distortions—‘feeling fat and ugly’ —preceded the diagnosis
of a ‘lobular mass within the pituitary fossa’ in a 14-year-old girl. Although she had demon-
strated possible seizure activity (i.e., ‘eyes would roll back into her head” and ‘staring” were
reported), the patient had initially presented to an eating disorder specialist unit [40]. Of
note, a review article in 2005 described 54 previously published case reports about ‘eating
disorders in brain damage’ (the majority of these cases were brain tumours) [41]. Many of
these cases, among all age groups, described the typical presentation of an eating disorder,
i.e., the classic behaviours and expected cognitions. However, almost all the subjects had
co-existing positive neurological signs and/or complications, including headache, seizures,
visual impairment, diabetes insipidus and hypopituitarism.

2.2. Posterior fossa syndromes

Of particular relevance to neuropsychiatrists are lesions within the posterior fossa (PF), a
portion of the intracranial cavity that contains the cerebellum and brainstem. Over half of
childhood tumours are located in the PF [42]. These lesions account for the largest number
of cancer deaths in children and may initially present with neuropsychiatric signs and symp-
toms [43]. Within the PF, in addition to the co-ordination of balance and motor functions,
the cerebellum has a role in functions such as cognition, emotion and language [44]. Indeed,
the independent role of the cerebellum in higher order brain function is expansive: internal
architecture and wide connectivity co-ordinate and integrate this crucial regulation of neuro-
psychiatric functions. Such orchestration is only possible due to the cerebellum’s connections
to prefrontal cortex, subcortical limbic structures, and catecholamine-containing brainstem
nuclei [45]. Similarly, the brainstem —once almost exclusively known for its involvement in
vital functions (breathing, heart rate, sleeping)—is increasingly recognised for affective and
cognitive functioning. A recent critical review of the literature published (between 1950 and
2012) on the affective and cognitive symptoms that follow brainstem lesion has revealed neu-
ropsychiatric symptoms in almost half the cases: apathy, emotional lability, irritability, mania,
executive dysfunction, memory impairment, and inattention were among the symptoms
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listed; moreover, the authors hypothesised that the brainstem constitutes an inherent part of
the cerebello-cerebral network that subserves cognition and affect. Therefore, isolated brain-
stem damage can cause symptoms that resemble the cerebellar cognitive affective syndrome
(CCAS) [46]. Furthermore, children with midline tumours with brainstem invasion are at
increased risk of posterior fossa syndrome (PFES) [47].

Of note, CCAS consists of neuropsychological and lingusitic deficits but does not include
verbal mutism or neurological/motor symptoms. Conversely, posterior fossa syndrome (PES)
is a sprawling spectrum of neuropsychological, neurological and lingusitic symptoms [47].
Thus, lesions in the brainstem, but mostly those involving the fourth ventricle and cerebel-
lum - or their surgical removal — can engender a variety of clinical outcomes. Confusingly,
the literature has a formidable tapestry of definitions. Excluding both CCAS and ‘Cerebellar
Syndrome’ (i.e. isolated cereballar signs), it is ‘Cerellar Mutism’ (a verbal mutism also known
as ‘Transient Cerebellar Mutism” or TCM) that is the defining hallmark of the relevant
post-operative syndromes: (the aforementioned) Posterior Fossa Syndrome (PES); the less
expanisive ‘Cerebellar Mutism Syndrome’ (CMS) — which is limited to mutism, ataxia, hypo-
phonia and irritability; and finally, the self-explanatory “‘Mutism and Subsequent Dysarthria
(MSD). Importantly all of the aforementioned syndromes (i.e. CM or TCM, CMS, CCAS, MSD
and Cerebellar syndrome) are subsumed by the term Posterior Fossa Syndrome, i.e. they can
be a presentation of PFS (Figure 3) [48].
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Figure 3. Symptomatic spectrum and relationship between the PFS, CCAS and related conditions. Adapted with
permission from the Posterior Fossa Society [48]. Entire Figure = PFS, Left Half (Excluding CM) = CCAS, Inner Circle
(Light Grey) = CMS, Dotted Area =MSD, Core (Dark Grey) = CM or TCM, Stripped Area = Cerebellar Signs or Cerebellar
Syndrome.
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The reader is also informed that in 2016 a new definition, ‘Post-operative pediatric CMS’
(POP-CMS), was devised by experts (‘Iceland Delphi group’) in the feld: “Post-operative pedi-
atric cerebellar mutism syndrome is characterized by delayed onset mutism/reduced speech and
emotional lability after cerebellar or 4th ventricle tumour surgery in children. Additional com-
mon features include hypotonia and oropharyngeal dysfunction/dysphagia. It may frequently
be accompanied by the cerebellar motor syndrome, cerebellar cognitive affective syndrome and brain
stem dysfunction including long tract signs and cranial neuropathies. The mutism is always
transient, but recovery from CMS may be prolonged. Speech and language may not return to
normal, and other deficits of cognitive, affective and motor function often persist”[49].

The Posterior Fossa Society has provided further guidance for clinicians when following this
definition:

1. Reduced speech: “speech production that is severely reduced and limited to single words or
short sentences that can only be elicited after vigorous stimulation”.

2. Cerebellar motor syndrome: “impairment of gait (ataxia), extremity coordination (dysmetria),
disordered eye movements, poor articulation (dysarthria), impaired swallowing (dysphagia)
and tremor”.

3. Cerebellar cognitive affective syndrome: “a pattern of behavioural abnormalities that includes
impairments of executive function (planning, set-shifting, abstract reasoning, verbal fluency,
working memory), often with perseveration, distractibility or inattention; visual-spatial disor-
ganization and impaired visual-spatial memory; personality change with blunting of affect or
disinhibited and inappropriate behaviour; and difficulties with language production includ-
ing dysprosodia, agrammatism and mild anomia”.

4. Long tract signs: “symptoms such as urinary retention/incontinence and hemiparesis, which
are frequently observed in this patient population” [48].

Of note, like many of its predecessors, the hallmark of POP-CMS is CM (see discussion on
CM below).

POP-CMS as a definition represents the foundation for more consistent research. However,
its validity requires more testing and it may be subject to further revision. Therefore, for
the remainder of the chapter, we will use the terms which are more established in the
literature.

2.3. Cerebellar mutism

The term ‘cerebellar mutism’ refers to a muteness which results from lesions of the cer-
ebellum as opposed to the cerebrum or lower cranial nerves. A severe dysregulation of
volitional motor functions of speech creates a recognizable clinical signature: an absence
of speech (verbal mutism) is seen, rather than an absence of non-verbal sounds (i.e. whin-
ing, laughter, crying) [49]. Although most commonly seen after resection of posterior fossa
tumours, there are reports of non-surgical cases of paediatric CM, including trauma, vascu-
lar incidents, infections and inflammatory syndromes [48, 50, 51]. CM has been reported to
resolve after as little as 6 days or as long as 52 months [52]. Indeed, a hallmark of CM is its
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idiosyncratic temporality: the onset is typically delayed, often emerging 24-48 hours post-
operatively. The duration is variable, albeit self-limiting and usually resolving in weeks; the
resolution often occurs rapidly, i.e. over days. However, many patients experience dysar-
thria throughout the recovery period and then suffer long-term speech and language dys-
function; this includes ataxic dysarthria, dysfluency and slowed speech rate [26]. Crucially,
the duration of CM (i.e., whether 4 weeks or 4 months) will correlate with the functional
prognosis. An absence of speech after PF tumour surgery was first described as “akinetic
mutism” (AM) by Daly and Love in 1958 following the removal of a cerebellar tumour in
a child [53]. However, a 1985 case series reporting on six children with cerebellar lesions is
credited for the first reports of CM [54]. A complete absence of speech and up to 3 months
of dysarthria was described following each posterior fossa craniectomy (‘or a complication
thereof’). The authors concluded that ‘transient muteness may result from acute bilateral
cerebellar injury”’ [55].

Since then, over 400 cases of CM have been reported in the literature. Law et al. [52] com-
pared three groups of children —PF tumours with CM, PF tumours without CM, and healthy
controls—to examine the clinical and neuroanatomical predictors of CM. The results of this
study concluded that there was a statistically significant positive correlation between tumour
size and the likelihood of developing CM. It also found that a greater proportion of children
with CM were left-handed, compared to those without CM. However, medulloblastoma and/
or brainstem invasion appear to pose the greatest risk of CM, while cerebellar hemisphere
involvement is associated with highest risk of permanent motor and non-motor-speech
related deficits [54]

In 2011, Di Rocco et al. [56] carried out a study on 34 children with PF tumours with the
aim of determining whether there was a correlation between pre-operative language impair-
ment (PLI) and post-operative development of CM. In their study, 11 out of 34 children had
PLI all 11 of these patients were among the subjects that ultimately developed CM (20.6%).
Other pre-operative findings in this study included behavioural disorders (sleep, hyperki-
netic and somatic complaints). As well as a number of neuropsychological deficits [56]. The
children with pre-operative behavioural problems continued to experience these difficulties
post-operatively. The primary status of CM as a neuro-surgical sequela is thought to be due
to bilateral perturbation of the dentate nuclei and their efferent pathway. As we will discuss,
the pathophysiological mechanisms of delayed onset and resolution of CM are hypothesised
to be due to axonal damage, oedema, perfusional defects and metabolic disturbances [54].

In 1994, Crutchfield et al. [57] were the first to appreciate the role of the dentato-thalamo-cor-
tical (DTC) pathway as an anatomical substrate in CM. They illustrated a phenomenon called
bilateral crossed cerebello-cerebral diaschisis (BCCCD): a cerebellar lesion causes a lack of
excitatory impulses from the cerebellum and hypoperfusion, decreased oxygen consumption,
hypometabolism and functional inhibition subsequently occur in anatomically connected
supratentorial structures [58].

Essentially, symmetrical dentate nuclei that are located in the paravermal regions of lobules VI
and VII of the cerebellum give rise to a cerebello-cerebral connection (see Figure 4), a complex



Neuropsychiatry: Aspects of Childhood Cranial Tumours
http://dx.doi.org/10.5772/intechopen.75679

Lobus anterior
TRUNCAL ATANXIA
HYPOTONIA
VI WORKING MEMORY VI WORKING MEMORY
VISPATIAL VI LANGUAGE
VHACRUS 1
VIACRUS]
BECUING LANGUAGE
Lobus posterior
% APPENDICULAR ATAXIA
AL HYPOTONIA
'FE'-'*'LU!: TREMOR
RH
/-—"
7

LIMBICEMOTION

Figure 4. The topographic arrangement of functions in and around the vermis, dentate and fastigial nuclei. Language
is lateralised to the right cerebellar hemisphere, executive functions and spatial processing to the left hemisphere and
limbic/emotional functions to the vermis. Lesions of the anterior lobe result in truncal ataxia and hypotonia, while lesion
of the posterior lobe result in appendicular ataxia, hypotonia and tremor. DN = dentate nucleus, FN = fastigial nucleus,
LH = left hemisphere, RH = right hemisphere. Reprinted with permission from Gudrunardottir et al. [54].

system required for initiating voluntary movement and higher cognitive functions, including
speech [54]. A literature review by Gudrunardottir et al. [54] highlights evidence that bilateral
lesions of the dentate nuclei and their connections (i.e., a bilateral interruption of the DTC
pathway) are the principal causes of CM [59-62].

Under normal circumstances, the cerebral cortex and cerebellum are in circuit via afferent and
efferent signalling. Impulses originating within the cerebral cortex travel along axons via the
cortico-ponto-cerebellar pathway to deliver input to the cerebellum, i.e., ultimately synaps-
ing on the Purkinje cell layer of the cerebellum. Axons from these neurons form inhibitory
synapses on the deep cerebellar nuclei, from which excitatory projections carry efferent sig-
nals travel throughout the CNS—to the spinal cord, brainstem and cerebral cortex—i.e., areas
known for co-ordination of movement. The efferent pathway which finally communicates
with the cerebral cortex is the DTC pathway. The tract is comprised of axons originating within
the dentate nuclei (DN). The DN act as relay stations and send efferent signals back to the cere-
bral cortex via the DTC pathway; this tract travels through the ipsilateral superior cerebellar
peduncle, and after decussation in the midbrain tegmentum, synapses within the contralateral
ventrolateral nucleus of the thalamus. From the thalamus, second order axons terminate in
the primary motor cortex as well as secondary and tertiary association areas within the frontal
and parietal lobes. Thus, via the DTC pathway/tract, cognition and behaviour are likely modu-
lated, a theory supported by the cognitive, linguistic and behavioural-affective impairments
seen with an injury of the cerebellum and/or proximal DTC tract [63, 64].

Indeed, it is this vulnerable (i.e., peri-operatively) efferent white matter DTC tract that, if dam-
aged, may be responsible for CM: therefore, any direct (i.e., trauma) or indirect (i.e., oedema)
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circulatory disturbance may cause hypoperfusion and metabolic related hypofunction in both
cerebellar hemispheres, and a loss of function (diaschisis) in the areas mediated by the DTP
[65]. CM thus results from a lesion anywhere along this path: bilateral thalamotomies; SMA
lesions; bilateral oedema in the brachium pontis; and finally, superior cerebellar peduncles
are also potential lesions. Nevertheless, bilateral injury to the dentate nuclei is the most fre-
quently implicated cause [54].

Clinically, anatomical correlates of cerebellar lesions are relatively distinct: anterior lesions
cause ataxia and hypotonia; while those in the posterior induce appendicular ataxia, hypo-
tonia and tremor [66] (see Figure 4). The origin of the hemiparesis and lower cranial nerve
dysfunction seen in the PFS is not known, although brainstem injury and/or damage to the
dentate nuclei/DTC pathway are hypothesised [54]. In addition to its role in balance and
co-ordination, the cerebellum is integral to higher cognitive processses (the cerebellar hemi-
spheres) and regulation of affect (the vermis) [66]. The left cerebellar hemisphere is designated
spatial and executive responsibility, and the right is tasked with language [64, 67]. The disrup-
tion between the right cerebellum and left frontal cortex likely contributes to the linguistic
difficulties observed in CM. Interestingly, a study also found that all left-handed patients with
MB had a 100% risk of developing CM post-operatively. It is possible that such correlates will
pave the way for pre-op clinical profiles to inform post-operative rehabilitation, across the
allied health spectrum [68]. As discussed, the dentate nuclei, the vermis, and the right cer-
ebellar hemisphere are all important in cognitive performance; accordingly, damage to these
structures, informed by MRI, can be used to predict the degree of post-operative neurological
and neuropsychological impairment in children following PF tumour resection [69].

Of note, mutism that occurs immediately after surgery is indicative of bulbar dysfuction from
damage to cranial nerve nuclei in the nuclie, rather than CM [70]. However, in typical CM,
‘secondary processes’ initiated by the tumour resection, are the likely underlying pathophysi-
ological mechanism, and four have been described in literature: (1) dynamic perfusional distur-
bances, (2) oedema, (3) transient disturbances in neurotransmitter release, and (4) axonal injury.

First, dynamic perfusional disturbances in the cerebellum and the cerebrum are suspected
causes of CM due to the delayed onset (i.e., possible vasospasms), type of disturbance (i.e.,
transient ischemia) and resolution (i.e., normalisation of blood flow). Surgical manipulation
of the cerebellum [71], intra-operative coagulation of perforating vessels [72] and arterial
embolic occlusion [73] are the suspected catalysts of such disturbances; cerebello-cerebral
diaschisis is implicated when the proximal DTC pathway is damaged [54]. In fact, two small
single proton emission computed tomography (SPECT) studies demonstrated a cerebellar
hypoperfusion in mute patients which resolved as speech returned [72, 73]. Two other pos-
sible mechanisms of recovery are neuronal plasticity and reassignment of speech function
within the cortical processing network.

Secondly, the latency of CM reflects post-operative swelling, with imaging studies (CT, MRI
and DTI) demonstrating mutism occurring with bilateral oedema in the superior cerebel-
lar peduncles and/or the pons or mesencephalon after PF tumour resection. Indeed, cor-
ticosteroids may prove useful in the context of this mechanism. Thirdly, dysregulation of
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neurotransmitter release has been postulated by Siffert et al. [74] in their concept that the
cerebellum and its connections are tantamount to a ‘modulatory system’, controlling motor
and non-motor functions. Finally, imaging studies imply that pathogenesis of CM could be
from surgical manipulation, traction and release of tumour compression, resulting in axonal
distortion and/or injury [63, 75].

CM risk is increased by several tumour-related factors: brainstem involvement [76]; (iatro-
genic) brainstem compression; and midline (vermal and fourth ventricle) location [77]—i.e.,
MB is by far the most common cause of CM in the paediatric population. To illustrate this,
two large studies found that the incidence of CM in children with medulloblastoma was 24%
[78], and 44% if brainstem was involved [76]. Radical tumour removal [77] and young age
at diagnosis [76] have inconsistent evidence [78], although some reports these as risk factors
for CM [79]. Conversely, theories such as hydrocephalus, post-operative CNS infection (like
meningitis), gender, length of vermal incision, type of neurosurgeon (paediatric vs. adult) and
oedema/swelling have been refuted over recent years [80].

The prognosis and course of recovery in CM is variable, albeit largely unfavourable, even in
spite of the resolution of mutism: two-thirds of patients will still suffer motor-speech deficits
even after 12 months [81]; one-third will have persistent dysarthria; the remainder show a resid-
ual phonological impairment (including adynamic spontaneous speech production, impaired
verbal fluency, word-finding difficulties and grammatical disturbances) [58]. Dysarthric features
are more protracted and less amenable to recovery in children with associated combined proce-
dural memory and defective neurocognitive functions present at diagnosis.

With regards preventing CM, surgical mitigation is a possibility: piecemeal removal (to
protect the vermis) [82]; sparing of (cognitively significant) right cerebellar hemisphere
[69], and finally, using a specific (telovelar) approach to access the fourth ventricle and
avoid splitting the vermis [83]. In support of this approach, a series of telovelar cases
showed no incidence of mutism; splitting the vermis reduced rates in one hospital and
at another site similar surgical practices (e.g., less aggressive retraction) resulted in fewer
cases of CM [84, 85].

2.4. Posterior fossa syndrome

Once regarded as an isolated deficit, CM is now well recognised as the predominant feature
of the more expansive “posterior fossa syndrome’ (PFS; see below). Although CM and PFS
appear to have separate anatomical substrates, topographical proximity ensures posterior
fossa surgery can result in any combination of the shared phenomena.

In the relevant literature, across almost four decades, CM has been confused with other terms,
including TCM, CMS [86] and MSD [87]. Furthermore, some authors use two or more of these
terms interchangeably, including CM and PFS [48].

The essence of PFS is the constellation of four core symptoms: mutism, ataxia, behavioural
disturbance and emotional lability; they occur in about 25% of children after the surgical
resection of a posterior fossa tumour (Figure 5).
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Figure 5. Posterior fossa syndrome. Reprinted with permission from Lanier et al. [84].

2.5. Posterior fossa syndrome cases

In a review of PFS, Lanier and Abrahams [88] summarised proposed theories/risk facors
for PFS: 1. involvement of the vermis, 2. brainstem involvement, 3. bilateral edema within
the cerebellar peduncles post surgery, 4.aggressive surgery of the cerebellum, 5. transient
impairment of the DTC pathways, 6. midline location of the tumor, 7. focal vasospasms,
8. neurotransmitter dysfunction and 9. hydrocephalus. As expected, most overlap with those
already discussed with regards to CM. These authors also presented a case series of PFS
from their own institution, the Massachussetts General Hospital for Children. Three cases of
resected medulloblastoma are described with regards boys aged 7-13 years. Post-operatively,
two of the four cases suffered from mutism and another two cases had paucity of speech (e.g.
monosyllabic) and dysarthria, respectively. All four cases had evidence of ataxia, emotional
lability and behavioural symptoms. Of the mutism cases, both fully resolved with complete
return of speech and good emotional stability; however, both had ongoing ataxia and one later
died of a tumour recurrence. The third case (post-op paucity of speech) had screaming episodes
with “screeching” and subsequently developed depression. At follow-up 5 years later, although
in school he continued to have social and emotional difficulties. The final case (post-op dysar-
thria) initially had serious emotional dyscontrol with self-harming behaviour; this resolved with
low dose risperidone. At her 5 year follow-up, she had no speech or behavioural issues, although
balance remained problematic. Of note, three of these cases required psychotropic medication
(low dose risperidone or lorazepam) to manage the emotional lability and behavioural issues.
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In 1995, Pollack et al. [89] described a case series of children with open resection of infraten-
torial tumours. Following review of case records, 12 of these patients manifested with
post-operative mutism. There was considerable variation between the clinical presentation,
(i.e., pseudobulbar, neurobehavioural symptoms); however, a “stereotypical response” was
observed in 11 cases; these patients were “curled up in bed and whining inconsolably, with-
out actually uttering intelligible speech”. All the children achieved full recovery within 4
months of surgery, bar one exception with persistent mild dysarthria. This finding is sup-
ported by a case series of children with cerebellar astrocytoma and vermal lesions who were
surgically treated for their respective PF tumours [90]. Positive findings were seen in a num-
ber of the children with vermal lesions: post-operative mutism in six; behavioural distur-
bances in five, e.g., irritability, avoidance of others; and severe autistic behaviours in one.
Similar to the study by Pollack et al. [89], almost all subjects achieved full or almost full
recovery within a month.

2.6. Cerebellar cognitive affective syndrome

Another syndrome, cerebellar cognitive affective syndrome (CCAS), has been reported fol-
lowing acquired cerebellar lesions, such as infarction and inflammation [91, 92]. Some authors
consider PFS to represent the acute manifestation of CCAS [92]. CCAS is primarily charac-
terised by a deficit in emotional regulation that causes personality change; thus, a flattening
or blunting of affect, and disinhibited/inappropriate behaviour are commonly seen. The syn-
drome also manifests as impairment of executive function (planning, set-shifting, verbal flu-
ency, abstract reasoning and working memory difficulties) and visuospatial cognition. Finally,
language deficits, including agrammatism and dysprosody are recognised features. This syn-
drome, described originally by Schmahmann et al. [93], is neurobiologically underpinned
by the cerebellar organisation of higher order function, and more specifically, the associated
modulatory role in mental and social function, operative early in childhood [26]. Hopyan et al.
[91] compared cognitive control of emotions in cerebellar tumours against healthy matched
controls. In their study, they tested the ability to identify happy and sad emotions in music.
Contrary to their hypothesis, this study demonstrated largely normal emotional identification
in both groups, but the control group performed better at emotional regulation tasks. The fact
that in the study, childhood acquired cerebellar tumours disrupted cognitive control of emo-
tion, rather than identification of emotion, provides support for a hypothesis of CCAS as a
disorder not so much of emotion, but more so the regulation of emotion by cognition. A case
series of 19 patients with cerebellar lesions also succeeded in illustrating cases of emotional
dyscontrol in cerebellar tumours: an acute syndrome of inattention, dysphoria and emotional
distress followed surgery of midline PF [92].

A case series by Hargrave et al. [94] described a slightly different manifestation of emo-
tional dyscontrol in paediatric patients (aged 3-11) with pontine glioma. In 36% of the
cases, outbursts of inappropriate laughter (i.e., “pathological laughter”) were observed in
wakefulness and sleep. Of note, symptoms improved in all cases following treatment but
often returned in cases of tumour recurrence. Beckwitt-Turkel et al. [95] compared PFS
symptoms before and after paediatric PF surgery in a naturalistic study. PFS was associated
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with midline and vermis involvement (and not lateral involvement) and was character-
ised by mutism, apathy and dysphoria. These symptoms presented early post-operatively,
although affective and behavioural disturbances appeared at a later stage, with all symp-
toms, bar depression, resolving over time. In 2010, Larysz et al. [96] looked at a group
of 34 children (mean age 12.3 years) with PF tumours (14 cerebellar, 20 extracerebellar)
to establish whether neuropsychological deficits related to tumour location: neoplasms in
the brainstem and vermis had a better outcome than those in the cerebellum. This finding
was consistent with Riva et al. [97] whose sample showed an association between non-ver-
mal tumours with language dysfunction; in the same sample, vermal tumours were more
likely to present with neurobehavioural changes (emotional lability, irritability, weepiness,
impulsiveness and shyness).

2.7. Psychological and adjustment disorder

In 2013, an article published by Pastore et al. [98] compared the neuropsychological profiles
and behavioural symptoms in pre-school children with brain lesions: 18 of the 55 patients
were brain tumour survivors and the remainder had traumatic, vascular or infectious
lesions. The brain tumour group had high levels of internalising problems (77.8%); specifi-
cally, a combination of anxiety and/or depression and/or somatic symptoms and withdrawal
were present in about half of the sample. However, the group with traumatic brain injury
and non-cancerous brain lesions presented with externalising behaviours and aggression.
These findings are consistent with those from a study of paediatric brain tumour survivors,
in which the child behaviour checklist indicated that internalising behaviours (depression/
anxiety) were the most common (48.4%) psychological disorder, while externalising behav-
iours were present in just 11.8%. Furthermore, those aged 7-13 were most predisposed to
psychological problems, whereas social maladjustment was more frequent in those older
than 13. These findings were relevant as they indicated the long-term psychosocial outcome
of these individuals [99].

Campen et al. [100] found a high rate of depression and adjustment disorders (30.4%) in 56
children treated for MB, particularly if they were older and male. Importantly, the multimodal
therapy in MB—which is generally a protracted process—influences the neurodevelopmental
maturation that is implicated in the pathogenesis of depression. Therefore, their low mood
is not just explainable as an expected psychological burden; rather, it is also engendered by
neurobiological mechanisms such as a disruption of hippocampal cell formation and the
saturation of the limbic system. Therefore, Campen et al. found a significant difference in
age at diagnosis between those who developed depression, anxiety and adjustment disorder
(median 9.5 years) and those who did not (median 5.9 years), with a median time to first psy-
chiatric symptom of 7 months. Similarly, a study of children treated for craniopharyngioma
highlighted a high rate of psychiatric morbidity in the study population; 100% of subjects
experienced depression; 75% suffered poor frustration tolerance and 40% had anger dyscon-
trol [22]. Likewise, a case series of 20 subjects described poor neurobehavioural outcomes
in post-operative paediatric craniopharyngioma: 85% of subjects had some degree of inter-
nalising (apathy, poor motivation) and externalising (irritability, hyperactivity, aggression)
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behaviour, as well as neuropsychological deficits, social maladjustment and poor school per-
formance [23]. Finally, a study of paediatric and adult survivors of childhood brain tumours
in 2013 revealed that more than 1 in 10 had reported suicidal ideation on at least one occasion,
as documented in their medical records. The older patients, with greater co-morbidities (i.e.,
seizure disorder) were at highest risk [24].

2.8. Clinical guidelines

Around 9000 new primary brain and CNS tumours (CNST) are diagnosed every year in the
UK, suggesting that a GP will diagnose a case every 3-5 years. Presenting complaints range
from well recognised symptoms (i.e., headaches, new-onset seizures) to the more insidious,
such as personality change. A combined retrospective and prospective study of 104 consecu-
tive paediatric patients with brain tumours found that the median time from symptom onset
to diagnosis was 3 months. However, diagnosis of CNST (whether primary or secondary) can
be performed with the GP retaining clinical responsibility, i.e., ordering necessary diagnostic
neuro-imaging tests [101].

‘NICE alert symptoms’ (e.g., neurological, headache, fatigue, back pain, bruising, lymph-
adenopathy, lump/mass/swelling, urinary symptoms, hepatosplenomegaly) and any new
pattern of recurrent attendances to the GP are ominous warning signs for childhood CNST
[102]. Ansell et al. [103] advised that ‘the key to identifying the one child among many who
merits prompt investigation is recognition of unusual symptoms, or specific symptom pat-
terns’; these included head tilt, odd head movements, odd posture, back or neck stiffness and
unsteadiness without obvious cause [103]. In concert with clinical acumen and intuition, the
GP must respect the value of a parent’s instinct that their child ‘is not right’, regardless of a
specific problem per se [104].

The 2015 NICE guidelines, entitled ‘Suspected Cancer: Recognition and Referral’, features a
section on ‘Brain and CNS cancer’ that informs clinicians about which specific symptoms in
children and adolescents require investigation and/or neuro-oncological referral. Based on
these symptoms, the positive predictive values (PPV) of having CNST varied in range: from
<0.013% (for vomiting or headache, with loss of appetite) to 0.15 (for vomiting, in combina-
tion with unsteadiness) for patients aged 0-14 years old; and, from 0% (for primary headache)
to 0.03% (for undifferentiated headache) for patients aged 5-17 years; and from 0.0029% (for
pain) to 0.0238% (for seizure) for patients aged 15-24 years [101].

Adult referral was recommended for those symptoms with a PPV of 3% or above, i.e., the
advantages of a suspected CNST pathway referral outweighed any disadvantages. However,
in childhood cancer, such a threshold was deemed too stringent for the following reasons: (1)
the high levels of treatability of these cancers, (2) early diagnosis can reduce mortality and
morbidity, and (3) the number of life-years gained.

Referral at lower levels of risk than 3% is therefore permitted in children and adolescents.
Accordingly, GPs/physicians/psychiatrists ‘should consider a very urgent referral (for an
appointment within 48 h) for a suspected brain or central nervous system cancer in children
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and young people with newly abnormal cerebellar or other central neurological function’.
Furthermore, referral should be for urgent specialist assessment (and not a cancer pathway)
in order to circumnavigate any issues with weekend cover, differences in local service con-
figuration, etc.

The guidelines point out that trade-off between net health benefits and resource utilisation are
not supported by published economic analysis. It is likely that the above recommendations
will result in an increase in MRI scanning with a subsequent reduction in GP attendance,
because of fast-tracking medical clearance or diagnosis. In fact, the guidelines predict that
such action will actually constitute a small decrease in overall costs [101].

An evidence-based clinical guideline, ‘Diagnosis of Brain Tumours in Children’, was devel-
oped in 2010 by Wilne et al. [105]; it was informed by a systematic literature review, meta-
analysis and cohort study [36]. As a result, six main categories of symptoms were identified:
headache, nausea and vomiting, visual abnormalities, motor abnormalities, growth, devel-
opment and behavioural abnormalities. Within the category of behavioural symptoms, leth-
argy and withdrawal were important neuropsychiatric signs of childhood CNS tumours.
The importance of lethargy in diagnosing paediatric CNST has been highlighted by other
studies [106, 107]. In fact, the prominence of lethargy in a series of ‘sudden death from
obstructive hydrocephalus due to intracranial lesions” prompted the authors to conclude
that persistent lethargy should be considered a neurological symptom instead of a non-
specific clinical sign [108].

The relevance of such symptoms in childhood CNST was also highlighted by an earlier study
by Wilne et al. [36], in which ‘behavioural and educational” symptoms were the presenting
feature of brain tumours in children in 10% of cases, and were apparent in 44% of the patients.
The behavioural symptoms included: lethargy (majority), irritability, personality change,
aggression and emotional lability; and the educational symptoms included deterioration in
reading and writing (majority), memory difficulty, poor concentration, global deterioration
and decrease in school attendance.

Nevertheless, lethargy remains an unspecific symptom with many faces: it is prominent
among physical syndromes relating to malignancy, infection, and inflammation; it is also
a core psychiatric symptom in both affective (i.e., depression) and psychotic disorders (i.e.,
negative syndrome of schizophrenia). Despite such diagnostic opaqueness, the guidelines pro-
duced by Wilne et al. [105] —which recommend CNS imaging if lethargy or withdrawal per-
sists for 4 weeks or more—have demonstrated promising results in initial UK studies. These
successes include a reduction in median symptom interval, time between symptom onset, and
ultimately, the diagnosis of brain tumours in children [105].

In addition to knowledge about when to suspect a brain tumour, it is important for those
practicing in primary and secondary care to be familiar with the most comprehensive and
current guidelines for childhood neuropsychiatric presentation of brain tumours, as outlined
below [26].
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3. Summary

3.1. Red flags

Recommendations for detecting malignancy in a childhood neuropsychiatric case:

¢ Childhood cancer is rare and may present initially with symptoms and signs associated
with common conditions, e.g., headache, nausea and vomiting. Repeated presentation with
the same problem and with no clear diagnosis should raise the suspicion and facilitate fur-
ther assessment and referral.

* Psychiatric symptoms are best to be considered dynamically and in combination with other
signs and symptoms that are listed here. It is very rare for a childhood cranial malignancy
to present with only psychiatric symptoms.

¢ Common psychiatric symptoms:
o internalising behaviour,
o withdrawal,
o social problems,
o somatic complaints,
o externalising problems,
o depression and/or anxiety
o hyperactivity.
* Rare psychiatric symptoms:
o eating disorder and
o first episode of psychosis.
¢ Also watch for:
o atypical psychiatric symptoms,
o unexplained behavioural and/or mood changes,
o unexplained deteriorating school performance or developmental milestones,
o personality change,
o disinhibited or inappropriate behaviour,
o pathological laughter,

o emotional lability,



188

Brain Tumors - An Update

o especially emotional reactions disproportionate to significance or severity of trigger,
o flattening or blunting of affect,

o impairment of working memory,

o agrammatism and dysprosody of speech,

o impaired executive function and

o poor attention.

Psychiatric symptoms (including behavioural) with a headache (i.e., advised to di-
rectly enquire about presence of a headache) constitute a red flag. Persistent headache
that can occur at any time of the day or night requires a neurological examination.
Younger children and those with communication difficulties may not be able to re-
port headache, thus watch for behavioural representation, e.g., pointing at, holding or
squeezing head.

Headache and vomiting that cause early morning waking or occur on awakening are classi-
cal signs of raised intracranial pressure and an immediate referral should be made. In cases
of persistent vomiting, exclude pregnancy where appropriate. Psychiatric symptoms (in-
cluding behavioural) with neurological signs warrants a neurological examination. How-
ever, a normal neurological examination does not exclude a brain tumour.

Neurological and motor symptoms:

o new-onset seizures—including focal (with/without loss of awareness) and generalised
onset

o altered consciousness,

o cranial nerve abnormalities,

o regression in motor skills,

o gait abnormalities and/or abnormal motor co-ordination,
o focal motor weakness and

o swallowing difficulties.

Visual symptoms and signs including;:
o papilledema,

o reduced visual acuity,

o reduced visual fields,

© new-onset nystagmus,

o new-onset paralytic squint,

o optic atrophy,
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o abnormal fundoscopy
o proptosis.
¢ Visual assessment including fundoscopy:
O acuity,
O eye movements,

o pupil responses,

O

visual fields in school age children and older and

O

optic disc appearance.
¢ Growth and developmental abnormalities:
o growth failure and
o delayed, arrested or precocious puberty.
¢ Diabetes insipidus presenting with polyuria and polydipsia.
* Persistent back pain can be a symptom of cancer.
In children aged younger than 2 years, any of the following symptoms may suggest a CNS
tumour and require following:
¢ Immediate referral:
O new-onset seizures,
o bulging fontanelle,
o extensor attacks and
o persistent vomiting.

¢ Urgent referral:

@]

abnormal increase in head size,

o arrest or regression of motor development,
o altered behaviour,

o abnormal eye movements,

o lack of visual following and

o poor feeding/failure to thrive.

o Urgency contingent on other factors: squint.

Following the diagnosis
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* Screening for internalising problems in children and adolescents with brain tumours.
¢ Baseline and follow-up screening/assessment for ADHD symptoms prior to treatment

o Externalising problems are less common than internalising problems but, if missed, will
have significant implications for educational abilities.

¢ In those for whom the symptoms represent an adjustment reaction, there is an improved
outcome if a truthful, complete and consistent approach to communication is taken.

When considering posterior fossa tumour resection

* The complication of cerebellar mutism is rarely mentioned to parents during the consent
for surgery of a posterior fossa tumour. It is a common syndrome and, reassuringly, to the
authors’ knowledge there have been no reported cases of a child with cerebellar mutism
not returning to some functional speech.

4. Conclusion

The era of molecular informed neuro-oncology has set a foundation for precise diagnosis
and tailored anti-neoplastic therapy. Such changes may lead to great improvements in over-
all survival of paediatric patients and so inadvertently marks an auspicious time for neuro-
psychiatry, which has never been more relevant. In concert with an optimal medical model,
neuropsychiatric informed care is required to ensure a truly holistic and integrated approach.
In their ability to weave together so many disparate perspectives—psychiatric, neurological,
cognitive, psychosocial and many more—these specialists will be invaluable in leading mul-
tidisciplinary rehabilitation programs. Contemporary studies indicate that mood, cognition
and psychosocial functioning are important factors in early diagnosis, as well as mediating
health outcomes following radical and risk-adapted anti-neoplastic treatment. In addition
to psychological burden, the neuropsychiatric aspects of childhood CNS tumours, includ-
ing posterior fossa syndrome and cerebellar cognitive affective syndrome, are increasingly
recognised as crucial causes of poor outcomes. Current research highlights the necessity for
routine psychological and psychiatric screenings of children with suspected brain tumours
and at follow-up of childhood brain tumour survivors. Thus, we provided a review of the
available neuropsychiatric guidelines for identification of brain tumours in primary, second-
ary and tertiary health services. However, further progress is still required in these areas and
in the sphere of public awareness. In the future, neuropsychiatric intervention should aim to
complement the anticipated challenges of neuro-oncological management, e.g., a left-handed
child treated for medulloblastoma would have intensive neuropsychiatric screening and lin-
guistic rehabilitation.

As our understanding of the neuroscience relevant to childhood neuro-oncology expands,
neuropsychiatric input will be invaluable at crucial stages of care, including at time of diag-
nosis, pre- and post-operatively. Earlier intervention will consolidate a child’s resilience
through a multi-axial combination of psychometrics, psychoeducation, psychosocial support,
psychotherapy and psychopharmacological intervention. Specifically, neuropsychological
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profiling will enrich the clinical pre-operative prognostication and determine treatment goals
post-operatively.
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