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Abstract

Introduction: Brain tumors are the most common solid tu-
mors and the second largest group of neoplasms diagnosed in 
childhood. Treatment includes surgery, radiotherapy, and che-
motherapy. However, radiotherapy can cause complications, 
H�J���FRJQLWLYH�GH¿FLWV��
Case description: We describe the case of a child diagnosed 
with a brain tumor evaluated before and after radiotherapy to 
investigate cognitive decline after treatment. The results showed 
a decline in Intelligence Quotient (IQ) scores and reversal of the 
predominance of verbal and nonverbal skills. After radiotherapy, 
WKH�VXEMHFW�VKRZHG�VORZQHVV��DFDGHPLF�GH¿FLWV��DQG�GLI¿FXOWLHV�
learning new information. 
Comments: Even though the post-treatment evaluation sho-
wed scores compatible with the average, comparison between 
pre- and post-treatment evaluations demonstrated the impact 
RI�UDGLRWKHUDS\�RQ�WKH�VXEMHFW¶V�FRJQLWLYH�SUR¿OH��7KHVH�UHVXOWV�
highlight the importance of evaluating patients who undergo ra-
diotherapy before and after treatment and understanding neu-
ropsychological scores associated with the subjects’ complaints.
Keywords: Radiotherapy, neuropsychology, case study, me-
dulloblastoma.

Resumo

Introdução: Tumores cerebrais são os tumores sólidos mais co-
muns e o segundo maior grupo de neoplasias diagnosticadas na 
infância. O tratamento inclui cirurgia, radioterapia e quimiotera-
pia. No entanto, a radioterapia pode causar complicações, como, 
SRU�H[HPSOR��Gp¿FLWV�FRJQLWLYRV�
Descrição do caso: Descrevemos o caso de uma criança diag-
nosticada com tumor cerebral e avaliada antes e após tratamen-
to com radioterapia para investigar declínio cognitivo pós-trata-
mento. Os resultados demonstraram um declínio nos escores de 
Quociente de Inteligência (QI) e uma reversão da predominância 
em habilidades verbais e não verbais. Após a radioterapia, o su-
MHLWR�GHPRQVWURX�OHQWLGmR��Gp¿FLWV�DFDGrPLFRV�H�GL¿FXOGDGH�SDUD�
aprender novas informações. 
Comentário: Embora a avaliação pós-tratamento tenha mos-
trado escores compatíveis com a média, a comparação entre 
as avaliações pré e pós-tratamento evidenciaram o impacto da 
UDGLRWHUDSLD�VREUH�R�SHU¿O�FRJQLWLYR�GR�SDFLHQWH��(VVHV�UHVXOWD-
dos salientam a importância de avaliar pacientes tratados com 
radioterapia antes e após o tratamento e de entender os escores 
neuropsicológicos associados às queixas dos pacientes.
Descritores: Radioterapia, neuropsicologia, estudo de caso, 
meduloblastoma.
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Introduction

Cancer is a relatively rare disease in childhood, affecting 
approximately 10 in 100,000 children/year. Brain tumors 
are the most common solid tumors and the second largest 
group of neoplasms diagnosed in childhood.1 In the U.S., 
brain tumors account for 20% of childhood cancers.2 In 
Brazil, childhood brain tumors reach their highest incidence 
in the 10-15-year age group, with a higher incidence among 
males,3,4�VLPLODUO\�WR�RWKHU�¿QGLQJV�UHSRUWHG�ZRUOGZLGH�

,QWUDFUDQLDO� EUDLQ� WXPRUV� DUH� FODVVL¿HG� DFFRUGLQJ� WR�
anatomic location, symptoms, and clinical signs.1 Treatment 
may involve surgery, radiotherapy, chemotherapy, or a 
combination of these therapies. Treatment effectiveness 
has contributed to increasing the rates of remission in 
childhood cancer.4,5

Several studies have investigated quality of life, 
biopsychosocial implications, and other late effects 
of cancer treatments.6 Children treated with the 
aforementioned modalities who survive cancer may present 
cardiopulmonary, renal, gastrointestinal, endocrine, 
musculoskeletal, and cognitive problems5, especially at 
younger ages.7-9 Cognitive decline can manifest immediately 
after radiotherapy or progress over time.10

6SHFL¿FDOO\�� UDGLRWKHUDS\� PD\� EH� DVVRFLDWHG� ZLWK�
cognitive sequelae primarily associated with white matter 
lesions.5 The white matter is responsible for transmitting 
information among different brain areas.11,6 Cognitive 
VORZLQJ�� PHPRU\� DQG� JOREDO� GH¿FLWV� �H�J��� UHGXFHG�
Intelligence Quotient [IQ]),7,10� DQG� DFDGHPLF� GLI¿FXOWLHV�
are commonly observed after radiation treatments.12 
Additionally, the risk of attentional, motor, and nonverbal 
GH¿FLWV�LV�SUHVHQW�2,5,8,9

&RJQLWLYH� GH¿FLWV� DV� D� FRQVHTXHQFH� RI� UDGLRWKHUDS\�
may vary depending on tumor location and histology, 
radiotherapy type and dosage (a higher radiation dosage 
LV� H[SHFWHG� WR� JHQHUDWH�PRUH� GH¿FLWV��� DJH� DW� GLDJQRVLV�
and treatment,11 time since diagnosis, preoperative 
complications, and presence of hydrocephalus and shunts.5

The present report describes the case of a 6-year-
old male individual diagnosed with a brain tumor and 
evaluated before and after radiotherapy to investigate 
cognitive decline.

Case description

The patient’s parents signed an informed consent form 
and agreed to have his case described and published.

Pre-radiotherapy assessment

A 6-year-old male patient was referred to our service for 
neuropsychological evaluation before starting radiotherapy 

IRU� EUDLQ� FDQFHU�� 3ULRU� WR� WKLV� ¿UVW� DVVHVVPHQW�� KH� KDG�
undergone surgery to correct congenital squinting and 
remove a posterior fossa medulloblastoma located by the 4th 
YHQWULFOH��7KH�V\PSWRPV�WKDW�¿UVW�DSSHDUHG�ZHUH�KHDGDFKHV�
and projectile vomiting. At the time of evaluation, the patient 
was taking anticoagulants and weaning corticoids.

The evaluation included the following cognitive functions: 
visual and auditory-verbal attention, visuoperceptual and 
visuoconstructive abilities, visuomotor dexterity, global 
cognitive ability, memory, verbal abstraction, oral and 
written language, and calculation skills.

The patient’s global cognitive ability, assessed by 
the Wechsler Intelligence Scale for Children, 3rd Edition 
(WISC-III),13 was within normal ranges, with a high-
DYHUDJH� FODVVL¿FDWLRQ�� 6LJQL¿FDQW� GLVFUHSDQFLHV� ZHUH�
found for verbal vs. nonverbal performance, with superior 
nonverbal skills. Perceptual organization was rated higher 
than expected for his age. The WISC-III resistance 
distraction index,13 largely associated with auditory-verbal 
working memory and language skills, was within normal 
ranges. Calculation capacity, assessed by the arithmetic 
subtest,13 was normal. Visuoconstructive ability was within 
the very high range. Some WISC-III subtests,13 e.g., the 
symbol search (visuomotor task), comprehension (social 
judgment task), and mazes (planning task), could not be 
performed because the radiotherapy sessions began and 
the patient’s parents decided to skip evaluation.

Visual attention, assessed by the Test of Visual Attention 
(TAVIS-3),14 showed a lower than expected degree of 
selective attention and normal sustained attention.

The phonological loop, central executive, and 
visuospatial sketchpad, assessed by the WISC-III digit span 
subtest13 and Finger Windows,15 were normal, suggesting 
SUHVHUYDWLRQ� RI� VSHFL¿F� DVSHFWV� RI� ZRUNLQJ� PHPRU\�16 
Language assessment revealed language processing, both 
oral and written, within normal limits.

In sum, the results of the pre-radiotherapy 
neuropsychological assessment suggested cognitive 
ability within normal limits for the patient’s age. The 
discrepancy found for verbal vs. nonverbal skills did not 
appear to have a negative impact on the patient’s life. 
No diagnosis was made of a psychiatric disorder based 
on the Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition (DSM-IV).17

Post-radiotherapy assessment

The patient was 11 years old and returned for 
neuropsychological reassessment to investigate possible 
cognitive decline secondary to treatment.

The patient was experiencing academic failure and was 
receiving pedagogical support. His parents reported mild 
hearing impairment and endocrine disruption, possibly 
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This method allowed us to observe the decline in 
performance skills taking place after radiotherapy; all 
performance subtests declined in comparison to baseline 
values (Table 1). Among the verbal subtests, only 
similarities and information improved after treatment. 
Despite the decline observed in some verbal skills, 
the magnitude of this impairment was lower than that 
affecting performance abilities.

Discussion

The results here described seem to suggest that some 
neuropsychological changes were present at follow-up 
when compared with the evaluation performed before 
radiotherapy. The patient’s IQ decreased 22 points, from 
D�KLJK�DYHUDJH�WR�DQ�DYHUDJH�FODVVL¿FDWLRQ��

Spiegler et al.9 found that IQ was the variable most 
susceptible to decline after radiotherapy in children. This 
decline may be related to changes in neuroplasticity that 
affect the maturation of brain structures and functions.5 
Because of the patient’s young age, nonverbal IQ should 
be considered more susceptible to decline, as a result of 
FKDQJHV�LQ�VSHHG�DQG�¿QH�PRWRU�FRRUGLQDWLRQ��5LV�HW�DO�7 
administered standard-dosage radiotherapy to young 
patients and observed more pronounced decreases in IQ 
when compared with older patients receiving low-dosage 
radiotherapy. Mulhern & Palmer6 found similar results in 
approximately 90% of children with medulloblastomas 
who showed decreases in IQ after radiotherapy.

Decreases in IQ occur gradually, with more rapid 
GHFOLQHV�LQ�WKH�¿UVW�\HDU�DIWHU�WUHDWPHQW�DQG�WKHQ�JUDGXDO��
more stable declines for up to 10 years5; notwithstanding, it 
GRHV�QRW�FHDVH�DIWHU�WKLV�SHULRG��,Q�WKLV�VHQVH��RXU�¿QGLQJV�
FRQ¿UP�WKH�LPSRUWDQFH�RI�SURYLGLQJ�IROORZ�XS�IRU�SDWLHQWV�
who undergo radiotherapy, because of the progression of 
GH¿FLWV�DQG�WKH�ODWH�PDQLIHVWDWLRQ�RI�FRJQLWLYH�HIIHFWV�9,11

associated with radiotherapy.5 The patient was taking the 
thyroid hormone levothyroxine.

The same instruments applied at baseline were used 
to evaluate the same functions. In this second evaluation, 
global cognitive ability was within the limits of standard 
group variations, with an average rating. Verbal IQ 
was superior to nonverbal IQ, within average and low-
DYHUDJH� UDQJHV�� UHVSHFWLYHO\�� LQGLFDWLQJ� D� VLJQL¿FDQW�
discrepancy between verbal skills and performance but 
UHYHDOLQJ� D� SUR¿OH� WKDW�ZDV� RSSRVLWH� WR� WKDW� REVHUYHG�
LQ� WKH� ¿UVW� DVVHVVPHQW�� 3URFHVVLQJ� VSHHG�� SHUFHSWXDO�
organization, resistance to distraction, and verbal 
comprehension indices were within the average range. 
Calculation capacity remained normal for the patient’s 
age. Visuoconstructive skills, assessed by the WISC-III 
block design and object assembly subtests,13 were within 
high-average and average ranges, respectively.

Visual attention was normal in all aspects (selective, 
sustained, and shifted). Two of the three tasks of the 
TAVIS-314 showed slowness in reaction time. Visual and 
auditory-verbal aspects of memory were within normal 
UDQJHV��/DQJXDJH�GLG�QRW�DSSHDU�WR�EH�LQÀXHQFHG�E\�WKH�
REVHUYHG�DQG�UHSRUWHG�PLOG�KHDULQJ�GH¿FLW�

The second evaluation showed cognitive abilities that 
were within the limits of normal group variations. Once 
again, no diagnosis of a psychiatric disorder was made 
based on DSM-IV criteria.17

Intraindividual analysis

We calculated separate mean scaled scores for verbal 
and performance abilities. Tests in which the scaled 
scores were equal to the mean were considered to have 
no intraindividual variance; otherwise, tests were recoded 
considering positive or negative differences from the 
mean (e.g., for performance tests, the mean was 13, so a 
test with a scaled score of 8 was recorded as -5).

Tests Pretreatment Post-treatment

Scaled score Intraindividual variation Scaled score Intraindividual Variation

Verbal tests

Vocabulary 13 1 6 -6

Similarities 10 -2 15 3

Arithmetic 10 -2 9 -3

Digit span 18 6 13 1

Information 6 -6 10 -2

Performance tests

Picture completion 12 1 8 -5

Coding 13 0 5 -8

Block design 18 5 13 0

Picture arrangement 8 -5 3 -10

Table 1 - Intraindividual analysis
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the subtests showing the greatest decline were coding 
and picture arrangement. Both tests are dependent of 
processing speed and demand different functions to work 
together – e.g., visual perceptual skills and visuomotor 
dexterity. As explained above, tests that demand a more 
integrated network are more prone to be disrupted.

The decline observed in nonverbal IQ scores appears to 
be related to slowness in visuomotor dexterity and visual 
attention tasks. Mulhern & Palmer6 have suggested that 
psychomotor slowing and decreases in processing speed 
were mainly responsible for IQ alterations after radiotherapy.

Our patient’s performance in attention tasks differed 
before and after radiotherapy (Table 3), with less 
impulsive responses to stimuli at the second assessment.

1RWDEO\�� LQ� RXU� SDWLHQW�� FRJQLWLYH� SUR¿OH� DOWHUDWLRQV�
ZHUH� DVVRFLDWHG� ZLWK� DFDGHPLF� GLI¿FXOWLHV� WKDW� UHTXLUHG�
educational support. At the time of the initial evaluation, 
no complaints of poor academic performance had been 
reported.

Previous studies have reported learning problems 
associated with radiotherapy treatment in children with 
medulloblastomas.5,12 Psychosocial and educational 
interventions are being sought to reduce the impact of these 
GH¿FLWV� WKURXJK� UHKDELOLWDWLRQ�5,12 Neuropsychological 
evaluation is essential for rehabilitation planning and 
IRU�SURYLGLQJ�PRUH�VHQVLWLYH�PHDVXUHV�RI�WKH�GLI¿FXOWLHV�
faced by children who undergo radiotherapy.5,10

The current study should be understood in light 
of some limitations. First of all, the absence of a basal 
QHXURSV\FKRORJLFDO�SUR¿OH��REWDLQHG�SULRU�WR�WKH�SDWLHQW¶V�
neurosurgery, is important, as the surgery may have 
EHHQ� DVVRFLDWHG� ZLWK� WKH� GH¿FLWV� REVHUYHG�5 Also, pre- 
and post-treatment batteries were not exactly the same, 
PDNLQJ�LW�GLI¿FXOW�WR�GUDZ�VRPH�FRQFOXVLRQV��1R�SDWLHQW�
data are available after the second assessment. Finally, 
EHFDXVH� WKLV� LV� D� FDVH� UHSRUW�� RXU� ¿QGLQJV� FDQQRW� EH�
generalized to general population.

)URP� D� GLIIHUHQW� VWDQGSRLQW�� KRZHYHU�� RXU� ¿QGLQJV�
can be considered important, especially for clinical 

Our patient showed a reversal of the predominance 
of verbal and nonverbal skills, with nonverbal skills 
SUHYDLOLQJ�DW�WKH�¿UVW�DVVHVVPHQW�DQG�GHFUHDVLQJ�DW�WKH�
VHFRQG�DVVHVVPHQW��7DEOH���DQG�)LJXUH�����7KHVH�¿QGLQJV�
are consistent with other studies reporting that nonverbal 
skills are more likely to decline after radiotherapy,2,5 
associated with neuronal death, myelin degeneration, and 
white matter reductions.5 

Myelin degeneration and white matter damage 
affect functions associated with the right hemisphere 
(nondominant side), which work in an integrated 
network, with major reliance on connections between 
different regions. Even though the left hemisphere 
(dominant side) also has different areas of integration, it 
functions based on more specialized centers.18 

The superiority of the patient’s nonverbal skills 
DV� REVHUYHG� LQ� WKH� ¿UVW� DVVHVVPHQW�PD\� KDYH� SOD\HG�
a “protective role” during radiotherapy. Conversely, 
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Figure 1 - Performance scores obtained before and after 
radiotherapy on the subtests of the Wechsler Intelligence 

Scale for Children, 3rd Edition (WISC-III): raw score/
percentile. The subtests assessed the following skills: 
vocabulary - expressive language; similarities - verbal 

abstraction; arithmetic - mathematics skills; digit span - 
auditory-verbal working memory; information - general 

knowledge; picture completion - visual perception; coding - 
visuomotor dexterity; block design - visuoconstructive ability; 

picture arrangement - logical sequence.

Pretreatment Post-treatment

Index &ODVVL¿FDWLRQ Index &ODVVL¿FDWLRQ

Global IQ 115 High average 93 Average

Verbal IQ 106 Average 99 Average

Performance IQ 123 Superior 87 Low average

Verbal comprehension - - 100 Average

Perceptual organization 122 Superior 93 Average

Distractibility 118 High average 106 Average

Processing speed - - 93 Average

Table 2 - WISC-III indices 

IQ = intelligence quotient; WISC-III = Wechsler Intelligence Scale for Children, 3rd Edition.
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practitioners, as the results highlight the importance 
of performing a neuropsychological assessment before 
and after radiation treatment. It is noteworthy that pre-
treatment data per se do not allow the clinician to identify 
the neuropsychological decline that may be present in 
some patients, as was the case here. Comparison of pre- 
and post-treatment neuropsychological results may be 
LPSRUWDQW�WR�XQGHUVWDQG�DFDGHPLF�GLI¿FXOWLHV�DQG�WR�KHOS�
in the development of rehabilitation strategies.

Future studies should investigate rehabilitation 
VWUDWHJLHV�WR�FRPSHQVDWH�IRU�RU�SUHYHQW�FRJQLWLYH�GH¿FLWV�
and promote better quality of life for cancer patients and 
their families.5,12 The present case highlights the importance 
of evaluating patients who undergo radiotherapy both 
before and after treatment, as well as of understanding 
neuropsychological scores in association with the subjects’ 
FRPSODLQWV��UDWKHU�WKDQ�UHO\LQJ�RQ�VWDQGDUG�FODVVL¿FDWLRQV�
only. Even though the post-treatment evaluation of our 
patient showed scores within average ranges, a negative 
impact of radiotherapy was demonstrated.
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