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Abstract

Brain tumors have long been considered one of the most prevalent causes of potentially re-
versible cognitive impairment. An accurate underlying cause of cognitive impairment due to
brain tumor needs to be evaluated pragmatically. Patterns of cognitive impairment associated
with brain tumors depend mainly on their location, lateralization, pathological classification
and secondary effects of the treatment, as well as the structural plasticity and diaschisis.
Hence, it is not rare that lesions with different locations and histologies may manifest with a
similar pattern of cognitive impairment due to the complex interplay of determinants. We
herein report 3 patients with brain tumors affecting different locations and with differing his-
tologies, who shared a similar presentation as “frontal dysexecutive syndrome” masqueraded
as psychiatric conditions. Detailed examination of saccades and pursuit along with eye move-
ments and conventional motor examinations were essential not only to diagnose brain tumor
as the potential cause of cognitive impairment, but also to rule out other coexisting etiologies
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with completely different underlying pathological mechanisms (i.e., Huntington's disease in 1
of the cases). A detailed neurological examination, including eye movement assessment, in
patients with psychiatric symptoms provides not only important clues to delineate the under-
lying anatomical substrate involved, but also helps clinicians to make an accurate diagnosis

and to select appropriate therapeutic options. © 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Brain tumors have long been considered one of the most prevalent causes of potentially
reversible cognitive impairment [1]. An accurate underlying cause of cognitive impairment
due to brain tumors needs to be evaluated pragmatically [2]. Patterns of cognitive impairment
associated with brain tumors depend mainly on their location, lateralization, pathological
classification and secondary effects of the treatment, as well as the structural plasticity and
diaschisis [3]. Hence, it is not rare that lesions with different locations and histologies may
manifest with similar patterns of cognitive impairment due to the complex interplay of deter-
minants [2].

We herein report 3 patients with brain tumors in different locations and with varying
characteristics, who shared a similar presentation as “frontal dysexecutive syndrome”
masqueraded as psychiatric disorders. Detailed examination of saccades and pursuit along
with eye movements and conventional motor examination were essential not only to diagnose
brain tumor as the potential causes of cognitive impairment, but also to rule out other coex-
isting etiologies with completely different underlying pathological mechanisms (i.e., Hunting-
ton’s disease) in 1 of the cases.

Cases Presentation

Patient 1

A 27-year-old woman presented with the complaint of progressively making mistakes in
her daily activities for the last 2 years. Her husband revealed that he had noticed his wife
becoming less attentive to his words over this period. She often forgot the topic of conver-
sation midway through. Day-by-day, it became difficult for her to keep track during telephone
conversations. Recently, dishes prepared by her were becoming inedible as she forgot to add
important ingredients. Her behavior at this time was marked by unusual restlessness, as
noticed by a caregiver. Her attitude/behavior seemed vacant in situations demanding
planning or decision making in day-to-day activities. She showed distress when having to
initiate any work requiring some motivation. Infrequently, she repeated the same phrases/
words, and sometimes continued doing same thing repeatedly. However, to date there was
no history suggestive of any disinhibition or abnormal sexual behavior. There was history of
forgetfulness of recent events in the form of frequent misplacement of objects. It was also
difficult for her to do shopping. She even sought for food after having just served a meal. She
mixed up days, dates, and looked easily confused even by trivial day to day commands. There
was history of difficulties in operating gas ovens, and forgetfulness to switch off lights or fans
when not in use. Her comprehension of spoken vernacular language was normal. There was
no deficit in the expression of language, fluency, grammar, and repetition. No paraphasia or
neologism were noted during conversation. No history was suggestive of any difficulties in
handling tools (no apraxia), any recognition problem (object or face), or difficulties in identi-
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fying a person by their name (no anomia). She could dress herself on her own. Marked distress
was noted in her day-to-day money handling. Her bladder, bowel, sleep,and appetite remained
normal. For the previous 5 months she had difficulty in hearing with her left ear and some
abnormal sensation over the left side of her face, which was soon followed by a tendency to
fall on the left side while walking. Her husband had also noticed some abnormal involuntary
dancing movements involving the bilateral upper limb over the last year. On asking, it was
revealed that her father had died at the age of 60 years and had also shown such movements
since his fifties, with some behavioral abnormalities.

On examination, her mini mental status examination (MMSE) score was 16/30. Her
attention (digit span and “A” vigil test) was impaired. Tests for executive function, such as
trail making (“A” and “B”), alternating patterns, and motor Luria, were also impaired. Her
frontal assessment battery (FAB) score was less than 12. As her attention was markedly
impaired, word list recall (immediate and delayed) could not be done properly; however,
during a word recall memory test, retrieval by cues was noted. Semantic and visual memories
were preserved. Language testing was normal with tests for praxis and gnosis completed
withoutimpairment (however, during real object testing some impairments in the sequencing
of given actions were noted). Simple reading did not show abnormalities (no dyslexia).
Writing was impaired due to abnormal movements of the right upper limb (no grammatical
mistakes or spelling errors). Preservative and repetitive behaviors were noted. There was no
delusion, hallucination, hyperorality, physical or verbal disruptive behavior, simultanag-
nosia, or neglect.

A cranial nerve examination revealed increased saccadic latency, with hypometric and
slow saccades. Anti-saccades were grossly impaired with broken pursuits and intermittent
saccadic intrusions. There was also trigeminal sensory impairment over the V2 and V3
regions, while trigeminal motor functions, jaw jerk, and corneal reflexes were normal. Left-
sided sensory-neural deafness was otherwise present. A cerebellar examination revealed
left-sided intention tremor, meanwhile a left- sided heel shin test was impaired with gener-
alized limb hypotonia. Power of all four limbs was normal with preserved deep tendon
reflexes. Involuntary, flowing, dancing distal to proximal semi-purposeful movements were
observed involving all 4 limbs (upper limbs more than lower limbs), suggestive of chorea.
There was no sign of autonomic instability.

Brain magnetic resonance imaging (MRI) revealed a left cerebellopontine angle menin-
gioma (Fig. 1) (later confirmed by histopathology), bilateral caudate atrophy, and mild dila-
tation of the anterior horns of lateral ventricles. The left cerebellopontine angle meningioma
explained her trigeminal, vestibule-auditory, and left-sided cerebellar signs and symptoms.
However, both the dilatation of anterior horns of the lateral ventricle and her frontal dysex-
ecutive syndrome were not explained by the tumor. The genetics test for Huntington’s disease
was positive.

Patient 2

A right-handed 70-year-old man, with occasional alcohol abuse and 12 years of formal
education, presented with his son as he was progressively becoming aloof from family
concerns. His family members had noticed a change in his personality for last 1 year. Previ-
ously, he was highly active and well versed with familial concerns as well as with his business.
Forthelastyear he seemed to have withdrawn himself from his own family and liked spending
most of the time alone, remaining quiet. He seemed to be apathetic in any familial or business
concerns. He would only take foods on request. For last 6 months the patient had also signif-
icant progressive difficulties in walking, with a tendency to sway to the right side.

He looked inattentive throughout the whole conversation. He had marked distress in
planning, decision making, organizing something, and sequencing of any activities. His under-
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Fig. 1. Axial T1-weighted (A), axial-T2-weighted (B) and contrast-enhanced coronal T1-weighted (C) MRI
images show a well-defined lobulated dumbbell-shaped extra-axial mass in the left prepontine cistern, mea-
suring 2.27 cm (CC) x 2.83 cm (Tr) x 2.99 cm (AP) with multiple necrotic areas within. The lesion, which ex-
tends anteriorly to the left Meckel’s cave and causes compression on the left side of the midbrain and pons,
is suggestive of meningioma. Contrast-enhanced coronal T1-weighted (C) and axial T1-weighted (D) images
also show bilateral caudate atrophy and mild dilatation of the anterior horns of lateral ventricles.

standing of spoken language revealed no abnormality, though verbal expressions seemed
inadequate (without grammatical or syntax errors and no paraphasia or dysarthria). He had
no difficulties in reading or writing. There was no visuospatial disorientation, or difficulties
in naming or recognizing objects and faces. However, intermittently he forgot details of recent
events, such as whether he had eaten, and was misplacing useful objects, but soon retrieved
recollection on cues. No physical, disruptive, hallucinatory, or delusionary behavior, disinhi-
bition or shameless bladder were noted. Cognitive screening revealed an MMSE score of
18/30. Detailed cognitive examination by vernacular adaptation of Addenbrooke’s Cognitive
Examination (ACE-III) was suggestive of attention deficit, executive dysfunction, and recent
memory impairment. However, attention deficit significantly restrained comprehensive
testing of the affected domains exclusively. His FAB score was less than 12.

Cranial nerve examination revealed increased saccadic latency, hypometric saccades,
and broken pursuit. Other cranial nerve examinations were non-contributory, including
absence of nystagmus. The power of all 4 limbs was normal with hypertonia and brisk deep
tendon reflexes. Right-sided cerebellar signs were obvious. Gait analysis revealed a broad-
based cerebellar gait with a tendency to sway to the right side. His bilateral planter response
was equivocal. Sensory and autonomic examinations were essentially normal. Brain MRI
revealed a right-sided cerebellar hemangioblastoma with compression over the fourth
ventricle resulting in secondary hydrocephalus (Fig. 2).

Patient 3

A right-handed 62-year-old woman, with 10 years of formal education, was admitted
with cognitive impairment complaints for the last 3 years. Her daughter noticed that she had
planning, organization, and sequencing difficulties, even with trivial matters, in day-to-day
activities, more so in complex activities, which she used to do with ease before. She had diffi-
culties in problem solving, indecisiveness, and seemed to be very rigid on any given situation
or topic. She had progressive difficulties in keeping track of day-to-day conversation with
easy distractibility. She started forgetting details of recent events and had a tendency to ask
the same questions repeatedly. There was a history of frequent misplacement of objects.
Furthermore, she repeatedly forgot to switch off the lights, fans, or gas oven when not in use.
However, there was no history of difficulties in understanding of spoken language and her
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Fig. 2. Sagittal T2-weighted (A) and axial-T2-weighted (B) MRI images reveal a large, heterogenous lesion
on the right side of the cerebellum with nodular hypointensity inside and pressure effects on the brainstem
and cerebellum.

expressive verbal and non-verbal communications revealed no obvious abnormality. There
was no history of difficulties in reading and writing, object or face recognition, naming, or
visuospatial orientation. Hallucinations, delusions, disinhibition, hyperorality, hypersexu-
ality, and physical and verbal disruptive behaviors were absent. Apart from her higher order
cognitive deficits, she had walking difficulty and complained of occasional stiffness in her
bilateral lower limbs. Her family history did not reveal any known neurological disease.

Examination revealed an MMSE score of 20/30. A detailed cognitive evaluation applying
ACE-III revealed that the patient had attention deficit, executive dysfunction, and subcortical
type memory impairment. Her FAB score was less than 12. Cranial nerve examination showed
increased saccadic latency, hypometric slow saccades, broken pursuit, and vertical gaze
restriction. The remaining cranial nerve examinations were normal. Speech and language
examination were essentially normal. Motor examination revealed increased tone in the
bilateral lower limbs. However, power in all 4 limbs were 5/5 (Medical Research Council
grading). Deep tendon reflexes were normal in the upper limbs and brisk in the lower limbs.
Planter responses were bilaterally equivocal. Her cerebellar and sensory examinations were
all within normal limits with spastic gait. A brain MRI revealed a tectal plate glioma with
hydrocephalus (Fig. 3).

Discussion

Our 3 patients with brain tumors presented with a frontal dysexecutive syndrome that
mimicked different psychiatric disorders. In each case, there was a frontal subcortical network
(cortico-striatal circuit) involvement with a similar clinical presentation to that seen in other
pathologies, such as vascular dementia [4], Alzheimer’s disease [4], Huntington’s disease [5],
normal pressure hydrocephalus [6], progressive supranuclear palsy [7], and HIV-associated
neuro-degeneration [8], among others.

-
Karger <

329



Case Rep Oncol 2021;14:325-332
Case Re pOI‘tS DOI: 10.1159/000513744 © 2021 The Author(s). Published by S. Karger AG, Basel

in OnCOIOgy www.karger.com/cro

Dubey et al.: Frontal Dysexecutive Syndrome in Brain Tumors

Fig. 3. Multi-planar axial T2-weighted (A), midsagittal (B), and coronal (C) MRI images reveal expansion of
the tectal plate by a hyperintense, slow-growing, solid nodule of tissue compressing over the aqueduct and
resulting in dilatation of supratentorial ventricles.

Our cases demonstrate that frontal subcortical network involvement may occur by
different pathophysiological mechanisms and in varying anatomical locations. Firstly, it may
occur due to obstructive hydrocephalus leading to disruption of cerebellocortical circuitry
(tectal plate glioma) [9]. Secondly, it may be due to cerebellum damage, whereby patterns of
cognitive impairment (executive dysfunction) and affect dysregulation may present as
pseudo-frontal disorders, which confirms the functional association between these two
central nervous system structures [10]. Thirdly, it may be involved by completely different
pathophysiological processes (Huntington’s disease and left cerebellopontine angle menin-
gioma), which run in parallel ways [11].

The categorization of cognitive impairment is of utmost significance regarding outcome,
reversibility, and use of therapeutic armamentarium in a pragmatic way. For example,
cognitive impairment in the patient with Huntington’s disease and meningioma is not going
to improve after resection of the tumor. In contrast, shunt surgery may have some role in the
improvement of cognitive status in the patient with tectal plate glioma [12-16].

The fact that should be emphasized in all 3 cases is that the clinical manifestations were
initially subtle, mimicking known psychiatric disorders such as schizophrenia, depression, or
bipolar affective disorder. Consequently, diagnosis was delayed in all 3 cases, which under-
scores the importance of searching for an underlying organic basis in any patient with psychi-
atric symptoms and dysexecutive syndrome [14-16]. The same holds true for subacute to
acute onset psychiatric abnormalities like psychosis not otherwise specified, schizophrenia,
schizophreniform illness, and mood disorders, which may masquerade as autoimmune
disorders, deposition disorders, and thyroid-related disorders, among others [15, 17, 18].

We highlight the performance of a detailed clinical examination of eye movements in
patients with dysexecutive syndrome [19-22]. Our 3 patients had abnormalities of saccades,
anti-saccades, and pursuit to vertical gaze. The anti-saccade task in the case of Huntington’s
disease, the broken pursuit in the case of the cerebellar hemangioblastoma, and restrictions
of vertical gaze in the case of tectal plate glioma not only helped lesion localization, but also
contributed to the recognition of the basic underlying pathophysiology of the lesions.

Motorinvolvementin “frontal dysexecutive syndrome” dueto cortico-striatalinvolvement
cannot be ignored. The involvement of bilateral periventricular white matter tracts (which
include extra pyramidal and pyramidal tracts, and striatum and its connections) are in turn
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responsible for cognitive dysfunction as well as for motor manifestations (signs and symptoms
of pyramidal tract involvement and movement disorders). Our cases are unique in the sense
that they demonstrate the widespread nature of motor involvement, which ranges from
movement disorders, such as chorea (due to concomitant extrapyramidal tract involvement)
and hemiataxia (due to the left cerebellar hemisphere meningioma), to increased tone in the
bilateral lower limbs because of brainstem and bilateral subcortical periventricular white
matter tract involvement (due to obstructive hydrocephalus caused by tectal plate glioma).

Frontal dysexecutive syndrome not only warrants the examination of pyramidal, extra-
pyramidal, and cerebellar system. Besides, frontal dysexecutive syndrome may potentially
reveal the location of the lesion and pathophysiology of the disease process. Cranial nerve
examination in the backdrop of dysexecutive syndrome should be carefully dealt with and it
ranges from mere chance association to an intricate relationship with the underlying disease
process and lesion location.

Conclusions

Brain tumors may cause frontal dysexecutive syndrome either from the involvement of
a strategic location or from the involvement of a distant, unrelated region. They exert their
impacts differently yet can give rise to similar cognitive impairments and can manifest as
dementia. Known psychiatric disorders are great mimickers of this condition. Associated
supranuclear eye movement abnormalities may be one of the basic valuable tools to detect
the underlying disease condition. Motor and cranial nerve examination needs pragmatism as
widespread variability in the nature of involvement makes an exact diagnosis more chal-
lenging.
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