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Abstract
Purpose The purpose of this study is to provide longitudinal
data on neurological and neuropsychological restitution
following resection of an extra-axial space-occupying lesion.
Case report A comprehensive neuropsychological test
battery was utilised preoperatively and 1, 4, 11, and
24 months, respectively, after removal of a parasagittal
meningioma compressing the right frontal lobe in a right-
handed 6-year-old boy with average intelligence.
Results Symptoms related to brain compression (left-sided
hemiparesis, diplopia) resolved shortly after surgery. Recovery
of specific cognitive functions (short- and long-term memory,
attention, and dichotic listening performance) was more
protracted.
Conclusion Here, we illustrate the potential of a structured
follow-up analysis, based on neuropsychological testing. We
were able to distinguish separate time-courses for neurological
functions but even more distinct within complex neuropsy-

chological processes. This time-dependent recovery should be
considered when designing longitudinal follow-up studies.
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Introduction

Meningioma is a slowly growing and mostly benign tumour
of the intracranial and intraspinal meninges, with a high risk of
relapse when the tumour takes a malignant development.
Common symptoms of intracranial meningioma are unilateral
paresis, sensory impairments, visual and speech deficits, as
well as behavioural disorders. Althoughmeningioma is one of
the most common intracranial primary tumours in adults [1], it
is extremely rare in children [2, 3].

Although children with neurodevelopmental disorders
frequently present with short- and long-term memory impair-
ment, the relationship between peri-Sylvian and frontal
morphology on verbal memory functioning has received little
attention in the literature. Similarly, studies with dichotic
listening have shown plasticity with regard to ear advantage in
children with left versus right brain lesions [4]. Simple and
complex reaction time tests that measure aspects of process-
ing speed, attention, and vigilance would be particularly
sensitive to brain pathology implicating frontal and parietal
lobe areas [5–7], and would be crucial for assessment of
recovery of cognitive functioning after surgery.

There is a lack of knowledge concerning neuropsycho-
logical functioning in children suffering from extra-axial
intracranial lesions, e.g., meningioma. These lesions may
compress the cerebrum, without infiltration. Subsequently
functional alteration may potentially show a restitution ad
integrum, providing insight into the neurological but, more
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importantly, neuropsychological recovery. Albeit postoper-
ative assessment may have been occasionally applied, a
structured longitudinal analysis, including pre- and postop-
erative tests, provides insight into recovery potential. We
present pre- and sequential post-surgery data on neuropsy-
chological functioning to assess manual motor and sensory
functions, memory, speech perception, sustained attention,
and vigilance in a young boy with a right hemisphere
meningioma compressing large parts of the frontal lobe.
These qualities were selected since they all have been
shown to be affected by early brain lesions and brain
pathology, and to be sensitive to brain plasticity effects.
Considering the size and the location of the tumour,
together with an accomplished neuropsychological assess-
ment, it is both a research and clinical challenge to unravel
the impact on neuropsychological functions and to monitor
the postoperative recovery process with repeated tests.

Case report

A 6-year-old right-handed boy was admitted because of
intermittent painful walking lasting for about 4 weeks. He
then developed ataxia, tended to fall towards the left side,
and complained of weakness in his left arm and hand.
When diplopia occurred, he was admitted in another
hospital and referred for further investigation.

On examination, the boy had a markedly asymmetric
gait with increased muscle tone of his left non-dominant
extremities. The left foot was held in a pointed toe-position,
and his left arm was flexed and pronated. Muscle strength
in his left hand was slightly decreased with a discrete rigour.
Standing on his left leg was possible for only a few seconds
at a time; thereafter, the patient lost his balance without a
falling tendency to a specific side. A left-sided hemiparesis
more pronounced in the arm and face and a mild bilateral
abducens paresis were diagnosed. Ophthalmoscopy revealed
papilloedema. He was fully alert and cooperative without
any behavioural disturbances. There was no clinical evi-
dence for neurofibromatosis. The family history was
negative with respect to the occurrence of tumours.

Apart from a slightly elevated erythrocyte sedimentation
rate (25 mm/h), all other standard laboratory values were
within normal limits.

Initial brain magnetic resonance imaging (MRI) dis-
closed a sharp-edged tumour compressing the right frontal
lobe measuring 7 × 5 × 5 cm with homogeneous contrast
medium enhancement. The midline was shifted, and
ventricles were compressed. The superior sagittal sinus
was narrowed without infiltration by the tumour (Fig. 1).

Frontal access surgery was performed, and the tumour
could be completely removed. The dura was partially
infiltrated, but the rims were free of tumour. Histological

examination revealed an atypical meningioma (grade II
according to World Health Organization classification)
with meningoepitheliomatous differentiation and focally
increased cell density. Mitotic activity was increased, and a
focal proliferation rate of up to 20% as determined by Ki-
67 antigen expression was found.

The boy’s recovery after surgery was uneventful. Regular
postoperative neurological examinations revealed no neuro-
logical abnormalities. The control MRI 5 months after tumour
resection showed a right frontal fluid collection and collapsed
cavity, where the tumour had been removed (Fig. 2). No
residual tumour was detected in additional neuroradiological
assessments by MRI 1, 4, and 11 months postoperatively,
respectively. The boy remained in very good condition and
complete remission. On routine examination 2 years after
initial diagnosis, an asymptomatic local relapse (0.8 × 2 cm)
became evident. Following subtotal surgical resection, the
patient received fractionated stereotactic radiotherapy with
54 Gy (boost up to 63 Gy). He achieved a second remission
with a present follow-up of 2 years.

Methods

Present neuropsychological assessment constitute a combi-
nation of clinical and experimental instruments including
measures of intelligence, sensory-motor and visuoconstruc-
tive functions, attention, lateralized auditory perception, as
well as short- and long-term memory.

The culture fair test of intelligence (CFT1) with German
norms was used [8]. The purpose of this test is to obtain an
adequate measure of broad fluid reasoning capacity
(g-factor). This test consists of five subtests: substitution,
labyrinths, classification, analogies, and matrices.

Sensory and motor functions were assessed according to
the Kiddie version from the Halstead-Reitan neuropsycho-
logical test battery [9]. All T-scores were calculated from
standardised age-, gender-, and lateral-preference-controlled
norms. T-scores between 40 and 60 are an evidence for
average performance. Graphesthesia was tested according
to the routine for children between 5 and 9 years of age,
i.e., writing series of O’s and X’s in a randomised fashion
on the finger tips of the left and right hand, respectively.
Grip strength was assessed according to the dynamometer
test. The fine-motor function was measured by the grooved
pegboard test consisting of ten pegs, which should be
inserted in “keyholes” first with the dominant hand and
then with the non-dominant hand. Time in seconds was
noted for completion of the test. Raw scores for the
dominant and non-dominant hand in both tests were
converted into T-scores according to standardised norms.

The developmental test of visual-motor integration (VMI)
was used tomeasure visual-perceptual and visual-constructive
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abilities [10]. A developmental sequence of up to 24
geometric forms is to be copied with paper and pencil. The
performances are standardised for children between 4 and
18 years of age.

The dichotic listening test is considered to measure the
auditory-phonetic processing in both hemispheres by
presenting two different messages simultaneously in each
ear [11]. Typically, the right ear is preferred, indicating left
hemisphere dominance [4]. The dichotic listening test
shows a contralateral lesion effect in cases with unilateral
brain lesions [12], i.e., the correct reports from the ear (e.g.,
left ear) contralateral to the impaired (right) hemisphere are
extremely reduced relative to the correct reports from the
ear (e.g., right ear) contralateral to the intact (left)
hemisphere. The dichotic listening materials consisted of
German spoken stimuli, digitalised and played to the
subject from a CD player over headphones, and the child
was invited to tell what he heard. The dichotic stimulus
material consisted of the six stop-consonants /b/, /day/, /g/,
/p/, /t/, and /k/ that were paired with the vowel /a/ to form
six consonant-vowel syllables (/ba/, /da/, /ga/, etc.) devel-

oped by Hugdahl et al. at the University of Bergen, Norway
[13, 14]. The syllables were paired with each other for all
possible combinations, thus yielding 36 dichotic pairs
including six homonymic pairs (/ba/-/ba/, /da/-/da/, etc).
The homonymic trials were not included in the calculations.
The dichotic listening data were scored as the number of
correctly reported syllables from the right and left ears,
respectively. In order to compare the findings with other
studies, the data were converted to percentage score in
the table. A laterality index was also calculated according
to the formula: Right ear correctð Þ � Left ear correctð Þ½ �=
Right ear correctð Þ þ Left ear correctð Þ½ � � 100.
Short-term memory or memory span was assessed

according to the Wechsler’s scales with German norms
[15]. Raw scores were converted into scaled scores where
scores between 7 and 13 correspond to average perfor-
mance. The child has to retain an auditory presented list of
random numbers, which should be immediately recalled. In
the Luria’s word learning task, which is a list-learning task
consisting of ten common and unrelated nouns (e.g., house,
forest, and cat), the subjects are encouraged to learn and

Fig. 1 Preoperative transversal
and sagittal T1-weighted images
with contrast show huge space-
occupying extra-axial mass in the
right hemisphere with attachment
to the cerebral falx

Fig. 2 Postoperative transversal
and sagittal T1-weighted images
with contrast show total tumour
extirpation 5 months after
surgery. A moderate subdural
effusion with slight compression
of the frontal cortex and a minor
dural scar with increased
enhancement are visible
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recall these words [16]. This task is discontinued when ten
words are acquired, if not, the learning session is terminated
after the tenth trial. After 1 h, the child is asked to recall the
list of words he had learned. For the repeated assessments,
parallel forms of word lists were used.

Three computerised reaction time tasks with progressive
complexity were used, newly implemented (Java) from an
older version of this test [17]. This test was especially
designed to be highly motivating and easy to perform in
order to minimise confounding factors such as motor
impairments and learning effects by repeated tests. The
first reaction time (RT) task is a simple reaction time (SRT)
task. By appearance of the target (“red monster”) on the
screen, the child was instructed to press the spacebar as fast
as possible. The target appears randomly either to the left,
middle, or to the right on the monitor. The targets are
present for 600 ms. Auditory and visual feedback is given
for correct and false responses, respectively. The second RT
task is a choice reaction time (CRT) task. The subject was
invited to “hit the red monsters but not the suns”. The
randomised distribution of targets and non-targets were
chosen to 75% and 25%, respectively. The third RT task, a
complex choice reaction time (CCRT) task, is analogues to
the CRT task. The subject was instructed to hit the “red
monsters but neither the suns, nor the friendly creatures”.
The difference between the “red monsters” and the
“friendly creatures” (white, green, blue, and pink) is the
colour and a slightly different form. This task consisted of
75% targets and 25% non-targets, randomly distributed.
The dependent variable in these tests was mean reaction
times (milliseconds). The performance was compared with
standardized norms for children from kindergarten and
mainstream school between 5 and 7 years of age (N = 28).
T-scores were calculated for the three tasks pre-surgery and
for all follow-ups. Average performance corresponds to T-
scores between 40 and 60.

Results

Neuropsychological assessments were correspondingly
performed before and at 1, 4, 11, and 24 months after brain
surgery as an indication of brain plasticity and rate of recovery
after brain pathology, respectively (Table 1).

Intellectual capacity The boy revealed here an average
non-verbal intelligence (IQ 103) before surgery in the
CFT1 test. A postoperative retest with this instrument was
desisted from, as no relevant change in IQ was expected.

Graphesthesia No deficits were registered in the pre- or
post-surgery assessments, indicating that post-central
regions were not affected.

Grip strength Before surgery, it was not possible to validly
assess grip strength in any hand, due to hemiparesis in the left
hand and a bandage on the right hand. In the 1-month follow-
up, average performances (T-score >50) were revealed in both
hands without significant side differences (Table 1). However,
in the further follow-ups, the differences between the right-
and left hand continuously increased to disadvantage for the
left hand. Thus, in the 24 months follow-up, the grip strength
was T = 65 and T = 58 for the right and left hand,
respectively.

Fine-motor function The grooved pegboard test could not
be performed pre-surgery. In the first post-surgery
assessment, the performance recovered to an average
level in both hands. In the further follow-ups, average
performances for both hands were documented without
significant side differences.

Visual-constructive function The VMI revealed pre-surgery
an impaired visual-motor ability. In the follow-up, these
functions were normalised first in the 24 months assessment.

Auditory perception The dichotic listening test revealed in
the pre-surgery session an extreme right ear advantage with
an exaggerated laterality index (Table 1). In the follow-up,
the laterality index and the right ear correct scores
continuously decreased over the assessment period. The
left ear correct scores increased at first but reached a stable
level already from the 4 months assessment post-surgery.
Thus, the correct scores for both ears changed and
counterbalanced the extreme discrepancy between right
and left ear correct scores before surgery.

Learning and memory The patient preoperatively revealed
barely an average short-term memory (Table 1). However,
in the follow-up investigations, his performances recovered
fast and stayed stable. Using the Luria’s word learning task,
the boy showed impaired functions in the acquisition as
well as his delayed recall of words in the pre-surgery
assessment, as he could maximally learn and recall two
words. Already in the first follow-up, 1-month later, he
showed average performances in the acquisition process
(85%) as well as in long-term memory (80%) for the
present word material. These functions remained intact in
further follow-ups.

Vigilance In the pre-surgical assessments and up to 4 months
post-surgery, the simple and choice reaction times in the
computerised reaction time test revealed deficient perform-
ances (Table 1). However, in the long-term follow-up, i.e.,
from 11 to 24 months post-surgery, the reaction times were
normalised in all three RT tasks, indicating an optimal
vigilance from about 1 year after surgery.
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Discussion

Before the resection of this extensive meningioma com-
pressing the anterior portion of the right hemisphere, the
neurological findings mainly indicated abnormally high
brain pressure and particularly a compression of the right
frontal lobe. In the neuropsychological assessment, the right
hemisphere affection was concomitant with a distinct left-
sided manual motor impairment, i.e., hemiparesis, together
with a pronounced right ear advantage in the dichotic
listening test and an overall impaired cognitive processing.
A strong right ear advantage is a valid indicator that the left
hemisphere is the speech-dominant hemisphere in children
with right hemispheric lesions [18, 19] or right-sided focal
epilepsy [4]. The pronounced reduction of the left ear
correct score preoperatively presupposes presence of
specific right hemisphere impairments, according to the
“contralateral lesion ear effect” [11]. This phenomenon has
also been confirmed in other studies on child patients with
unilateral brain lesions [19].

Post-surgery, the left ear correct score showed a continuous
recovery up to about half a year after treatment, concomitant
with improved vigilance. From the increase in laterality index
alone from pre- to final postoperative follow-up, it is not
possible to conclude if the change occurred to the right or left
ear stimulus. The analysis of the right and left ear scores
separately revealed, however, that most of the change
occurred to the left ear stimulus, which would imply an
improved functional integrity, e.g., according to a recovered
arousal level of the right hemisphere. If there was a learning
effect in the repetitive confrontation with this test-material, it

is not expected that the right ear correct score would decrease,
but rather increase. The reduced right ear correct score is
neither an indication of worse ability to perceive speech
sounds in the left hemisphere nor an indication of a
reorganisation of speech to the right hemisphere. Increased
left ear correct scores rather indicated an improved discrim-
inative capability of the right hemisphere, however, at lower
than the expected level.

The strengths of the present study were the unique
anatomical location as well as the extraordinary extension of
the tumour, covering large parts of the prefrontal cortex, with
midline shift and ventricular compression. In functional terms,
large parts of the dorsolateral prefrontal cortex were affected,
with possible effects on major motor and vital cognitive
functions related to short-term and working memory [20],
attention [6], and executive functions [21, 22].

The dichotic listening test is able to determine cerebral
speech dominance quite well, and thus tapping primarily
temporal lobe function. However, the functional integrity of
the extra-temporal regions must also be taken into consider-
ation to predict the speech dominance. Thus, the dichotic
listening test in its simplicity may be an excellent method to
refer brain tumours or insults to a specific hemisphere,
especially when the tumour develops fast. Slowly developing
brain tumours do not show similar clear-cut symptoms [23].

Measures of memory did hardly add any information to the
tumour location in this boy. The acquisition of a word list is
considered to take special demand on left frontal regions,
whereas the right dorsolateral frontal areas and bilateral
parietal areas are required in the recall process [24]. Before
surgery, the boy showed deficits in short-term memory,

Table 1 T-scores, scaled scores, or raw scores for all tests portioned into six neuropsychological functions

Functions and subtests Before
operation

After operation

1 month 4 months 11 months 24 months

Manual motor functions Dynamometer (T-scores) Left hand <20 50 53 60 58

Right hand <20 53 59 66 65

Pegboard test (T-scores) Left hand <20 47 57 55 59

Right hand <20 41 59 58 57

Visual-motor function VMI T-score 36 32 33 35 47

Auditory perception Dichotic listening test Laterality index (%) +58.38 +30 +28.9 +27.3 +23.8

Left ear (%) 16.67 23.33 26.7 26.67 26.67

Right ear (%) 53.33 43.33 48.3 46.67 43.33

Short-term memory Digit-span Scaled scores 7 9 12 10 10

Learning memory Acquisition % correct 23% 84 82 87 91

D-recall % correct 0% 80 90 90 90

Vigilance SRT T-scores 29 26 39 43 50

CRT T-scores 31 34 38 47 50

CCRT T-scores 32 33 45 52 45

CCRT complex choice reaction time, CRT choice reaction time, SRT simple reaction time, VMI visual-motor integration
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immediate recall after the first presentation of the word list,
as well as the overall acquisition- and delayed-recall process.
On the other hand, after the removal of the brain pressure,
the verbal short-term memory, the acquisition process, and
long-term memory instantly normalised, which should be
referred to the general impact of high brain pressure.

Measures of vigilance did not either add definite
information on the tumour location in our patient. However,
the removal of the brain pressure and eventually the
specific impact on the right frontal lobe did show a
relatively slow recovery. A slower recovery of vigilance
and attention may indicate that these functions may be
related to some remaining defective structures in the frontal
lobes. This assumption was also confirmed by the MRI
examination 11 months postoperatively (Fig. 2). Here, a
remaining structural lesion in the coronal image is observed,
which indirectly suggest that frontal structures are associated
with slower recovery of vigilance. Considering this, the
assumed localisation of vigilance and attention to the right
frontal lobe dysfunctions match up with recent empirical
findings [5, 25–27]. This may imply that an optimal
restitution of attention in a slightly injured frontal lobe
may not be reached until 1 year after surgery in this
6-year-old boy. However, it may be argued that there is a
learning effect when repetitive test trials are performed,
but the present reaction time tasks are so simple that the
learning effect is considered minimal. The simplicity of
these tests is considered as rather boring when they are
presented repetitively. According to this, gains in
vigilance and attention may not be explained by learning
or motivation, but rather as a solid expression of
recovered attention post-surgery.

The grip strength and fine-motor functions recovered
immediately after surgery. However, the visual-constructive
functions were not normalised until the 2-year follow-up
examination, showing that executive functions demand
more time to recover after a chronic cerebral compression.

Present cognitive and motor findings are giving some
hints on a frontal involvement. Long-term follow-up
investigations of children with brain tumours who received
radiation therapy may later show deleterious effects on
vigilance and attention through disruption of normal
prefrontal development [28]. However, this boy did not
receive radiation therapy during the assessment period.

The recovery process for vigilance functions according to
the present reaction time tasks was rather slow, which
coincides with the slower restitution rate of left ear correct
scores in dichotic listening and visual-constructive functions
implying a delayed restitution of cognitive and executive
functions according to the present comprehensive neuropsy-
chological assessment.

In conclusion, in this report on a 6-year-old boy after
complete resection of a large tumour in the right frontal

lobe, all neurological and several neuropsychological
impairments promptly recovered already at 1 month after
surgery, especially for the manual motor and memory
functions, when the acute brain pressure was eliminated.
The slower recovery of executive functions, vigilance, and
auditory perception according to dichotic listening test to
the contralateral side of the main cerebral impact may
indicate that these functions have been impaired by the
chronic compressive forces on the frontal lobes, and thus
need more time to recover.

This rare case with a large extra-axial lesion provides
insight into the neuropsychological recovery pattern caused
by non-invasive lesions. The thorough neuropsychological
work-up documents the necessity for longitudinal analyses
of patients harbouring extra-axial, space-occupying lesions,
to appreciated actual and potential recovery.
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