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ABSTRACT

Neuroplasticity has been subjected to a great deal of research in the last century. Recently, significant emphasis has been
placed on the global effect of localized plastic changes throughout the central nervous system, and on how these changes
integrate in a pathological context. The present study aimed to demonstrate the functional cortical reorganization before
and after surgery using magnetoencephalography (MEG) in a participant with brain tumor. Results of Visual Evoked
Magnetic Field (VEF) based on functional MEG study revealed significantly different of MEG N100 waveforms before and
after surgery. Larger and additional new locations for visual activation areas after the surgery were found suggesting
neuroplasticity. The present study highlight a physiological plasticity in a teenage brain and the alterations regarding
neural plasticity and network remodeling described in pathological contexts in higher-order visual association areas.
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ABSTRAK

Proses keplastikan neural adalah berdasarkan kepada bukti penyelidikan dalam abad yang lalu. Baru-baru ini,
penekanan telah diberikan kepada kesan global perubahan keplastikan setempat di seluruh sistem saraf pusat,
dan bagaimana perubahan ini diintegrasikan dalam konteks patologi. Kajian ini bertujuan untuk menunjukkan
penyusunan semula kefungsian kortikal dalam otak pesakit tumor otak, sebelum dan selepas pembedahan menggunakan
magnetoencephalography (MEG). Keputusan Visual Medan Magnet (VEF) dengan menggunakan gelombang MEG N100
menunjukkan perbezaan yang ketara di antara sebelum dan selepas pembedahan. Keputusan kajian ini juga menunjukkan
terdapatnya lokasi baru dan pengaktifan yang lebih besar bagi kawasan pengaktifan visual selepas pembedahan. Lokasi-
lokasi baru dan kawasan pengaktifan yang lebih besar dicadangkan adalah disebabkan oleh proses keplastikan neuro.
Kajian ini juga menunjukkan keplastikan fisiologi dalam otak remaja dan pembentukan semula rangkaian diterangkan
dalam konteks patologi yang berkaitan dengan kawasan yang melibatkan pemprosesan visual.

Kata kunci: Magnetoencephalography, pilocytic astrocytoma, keplastikan-neuro, endoskopi; visualevoked field
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INTRODUCTION

The role of neuroimaging techniques such as
Magnetoencephalography (MEG) in evaluating brain
activities and functions. The role of neuroimaging
techniques such as Magnetoencephalography (MEG) in
evaluating brain activities and function has been subject to
numerous report (Majchrzak et al. 2012). There are many
research reports describing the role and clinical applications
of MEG in assessing auditory, motor and visual processing
(Fruchter & Marantz 2015; Liu, Harris & Kanwisher 2002;
Hund et al. 1997; Hara et al. 2007; Kikuchi et al. 2015).
Moreover, MEG technique is also used for mapping onto
patients with neurological disorders or brain damage to
further understand the effect of morbidity and mechanism
of neuroplasticity to the brain function (Idris et al. 2014;
Kakisaka et al. 2013).

This study aims to highlight functional reorganization
and neuroplasticity of the brain after surgery involving
visual-specific cortex. Recent understanding proposes
that the brain is ‘plastic’ and changes its own wiring and
networks continuously in an environmentally dependent
manner (Rosler et al. 2014; Strey, Baertsch & Baker-
Herman 2013). Previous study has also demonstrated that
connections between neurons become more extensive,
more or less active, or even extend into new areas of the
brain (Baertsch & Baker-Herman 2013). Neuroplasticity
and cortical reorganization or any enduring changes in
the cortical properties both functional and morphological
are of major interest as they may play a role in functional
recovery and learning after brain injury.
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Understanding the principles behind the self-
organization of biological nervous systems is the key
to understanding cognition. Brain lesions such as brain
tumors, may disrupt a particular step of an activity that
occurs in a specific part of the brain. This disruption may
alter the brain’s normal functioning and may interfere with
the way the brain normally works. The early descriptions of
clinical consequences of brain impairment or abnormality
have documented a large variety of behavioral disturbances,
and these behavioral disturbances are depending on the
area of the lesion (Abraham & Bear 1996). However,
the mechanism of the neural changes, reorganization and
plasticity postoperatively is not always clear.

In order to achieve the aim, a better fundametal
understanding about the brain changes and plasticity in
postoperatively need to be fully understood. The present
study investigates the neural changes and plasticity of a
participant with pilocytic astrocytoma (PA). A non-invasive
neuroimaging techniques MEG, using pattern-reversal
visual evoked field (VEF) will be used to measure the
neural activity in the brain, before and after surgery. The
correlation between brain activation and the changes
observed was investigated.

MATERIALS AND METHODS

PARTICIPANT

A 10-year old girl diagnosed with a Pilocytic Astrocytoma
(PA) at the left temporal-parietal lobe. Participant had

frequent episodes of headache especially at the left temporal
area which was associated with visual disturbances,
unsteady gait and symptoms of raised intracranial pressure.
On physical examination, participant was noted to have
right homonymous hemianopia with a positive Romberg’s
test. MRI brain revealed a large solid-cystic tumor
measuring 8.4 cm x 6.5 cm x 5.3 ¢cm at the left temporal
lobe extending up till the parietal lobe resulting in a midline
shift of 1.5 cm to the contralateral side with early signs of
obstructive hydrocephalus. The cystic portion of the lesion
appeared hypointense on T1 and hyperintense on T2 but
was not suppressed on FLAIR, suggestive of a proteinaceous
cystic content (Figure 1A, B and D). The solid portion of
the tumor was hyperintense on T1 weighted MRI images
and wall of the tumoral cyst did not enhance with contrast
(Figure 1C). Participant underwent endoscopic surgery to
remove the solid component successfully (Figure 2A and
B). Figure 2C and D depict the postoperative images at two
months after the surgery. Postoperatively, all her symptoms
resolved and disturbances in her visual field had improved
gradually from right hemianopia to an insignificant and
clinically non noticeable right upper quadrantonopia.
Histopathology examination confirmed the diagnosis of
PA. Written informed consent was obtained from patient
after full explanation of the nature and risks of the study in
accordance with the protocol approved by the Institutional
Ethics Committee (IEC) of the Universiti Sains Malaysia.

FIGURE 1. MRI brain depicting a solid-cystic tumor at the left temporo-parietal region. The cystic component appears hyperintense
on T2 (A), hypointense on T1 (B) and did not suppress on FLAIR (D). The tumoral wall was not enhanced on contrast (C).
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FIGURE 2. Intraoperative endoscopic surgery to remove the tumor. A: the tumor was shrinked by the laser. B: The solid component
was removed endoscopically. Postoperative images show absence of solid component (C) and a lot smaller cystic component
(D) of the pilocystic astrcoytomas.

TASK DESIGN OF MAGNETOENCEPHALOGRAPHY (MEG) check size of 2°, 50° orientation, 8° from a fixation point

STUDY (a small red cross at the center of the screen) along the
downward diagonal in left or right lower visual quadrant.
The stimulus used and participant set up is shown in
Figure 3A and B respectively. The stimulus is presented
continuously for about 7 minutes. Participant need to focus
to the stimulus presented, not to think about anything, to
stay awake and must not fall asleep during the scan.

Magnetoencephalography (MEG) data were recorded
continuously during the performance of a checkerboard
pattern. The task was presented visually on a computer
monitor at eye level, approximately 60 cm in front of the
patient’s nose. Stimuli consisted of flickering (reversing)
checkerboard patterns on a homogenous white background:

e

FIGURE 3. A) Sequence of checkerboard used during the study and B) MEG room and the apparatus need to be used with MEG and
how participant is position during the study. The screen will be position in front of the participant.

65

Chap 8.indd 65 22/02/2018 11:41:22



Chap 8.indd 66

MEG AND DATA PROCESSING

MEG data were acquired using a 306-channel Vector view
system (Elekta Neuromag, Helsinki) while participant
engaged in the task, sitting upright in a light Elekta-
Neuromag magnetically-shielded room. A magnetometer
and two orthogonal planar gradiometers were located
at each of the 102 positions. Vertical and horizontal eye
movements were recorded using paired electrooculography
electrodes. Head position stability was measured before and
after acquisition run using four Head-Position Indicator
(HPI) coils. HPI were used to monitor the head position. A

3D digitizer (Fastrak Polhemus Inc., Colchester, VA) was
used to record the three-dimensional locations of the HPI
coils and approximately 200 head points across the scalp,
and three anatomical fiducials (left, right preauricular,
and nasion). Data were sampled at 1000 Hz and pre-
processed using MaxFilter software (Elekta-Neuromag)
with movement compensation. An MRI image was collected
using 3-T magnetic resonance imaging (MRI) system
(Philips Achieva 3.0T X-series). Schematic diagram of
pre-operation, post-operation and data processing is shown
in Figure 4.
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FIGURE 4. Schematic diagram of pre-operation, post-operation and data analysis

SOURCE ANALYSIS FOR MEG VISUAL EVOKED FIELD

Brain Electrical Source Analysis (BESA version 6.0, GmbH,
Graefelfing, Germany) was used to process and localize
the waveforms for the visual evoked field. MEG data were
coregistered to the patient’s structural MRI. In the present
study, the source dipole solutions for the N100 component,
pre and post-surgery for a PA tumor were determined
(Figure 5C and D in red and blue dipoles). Data were
filtered using high pass filter (>1 Hz, butterworth filter
6 dB/oct with no added padding) and the artefact rejection
threshold was set to 2500 fT for magnetometers and 900 T
for gradiometers. Using adaptive artefact correction, eye-
blinks were corrected and modelled in the source analysis
with one fixed source. Epochs were low pass filtered to
200 Hz (butterworth filter 24 dB/oct), time locked to the
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tone onset, and baseline corrected (- 50 to 200 ms). Source
analysis of visual evoked responses from the gradiometer
MEG channels was performed for both; pre-operative and
post-operative scan data. The forward model topography
(leadfield) was estimated using a realistic head model,
coregistered by fiducial and digitised scalp loci. The data
were fitted to two bilateral equivalent current dipoles
(regional sources) for the N100.

RESULTS

Figure 5 shows superimposed N100 waveform of the
patient’s VEF before (yellow waveform) and after (red
waveform) the surgery in both hemisphere of occipital area.
A: Pre-operative wave signal is in yellow and red wave
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is for the post-operative VEPs of the patient on the both
hemisphere of occipital region. The white dotted circle is
the signal wave in response to N100 components. B (inset):
Comparing between pre and post-operative N100 signals.
Post-operative component of N100 is corresponding in
time whilst the pre-operative signal shows prolonged N100
latency (peak for the yellow wave shifted to the right) and
lower wave amplitude. C: Pre-operative shows activation
on the both side of occipital region but with low activation

intensity in the left. D: Source analyses and brain activation
displayed in standard projection after the surgery shows
a larger activation signal in the right occipital region and
additional new activational area in the outer left occipital
region (circle white). Larger activation is because of the
two dipoles (red and blue) lie close together in the right
occipital region when compared to the preoperative dipoles
which lie separately. R: right side of brain; L: left side of
brain.

FIGURE 5. Pre and post-operative signals from MEG explained in the text

The data demonstrate the amplitude and latency
of the MEG-VEF signal. Pre-operatively, for the both
hemispheres, the N100 component has low amplitude and
has prolonged in latency, thus it is not corresponding in
time to typical-N100 wave for the pattern-reversal VEF.
Furthermore, waveforms results also indicate that the
activation waveform is abnormal on the both hemisphere.
Even thought, the tumour is only effected the left side of
the optic radiations. This indicates a significant dysfunction
in visual processing pathway.

For the post-operative pattern-reversal VEF for N100
which was recorded at two months after the surgery,
results depicts that the wave pattern matches with the well-
established signal in terms of its amplitude and latency.
Regarding dipole and source analysis which were studied
using BESA, pre-operatively, the recording of VEF showed
the localization of the two dipoles which was in the bilateral
occipital region but with smaller signal intensity in the left
(Figure 3C).

Post-operatively, both of the dipoles localized close
together on the right side of the occipital region indicating
area of a stronger dipole response that was confirmed
subsequently with signal intensity analysis (Figure 3D).
Interestingly, there also was an additional activation in the
outer left occipital area as shown in Figure 3D in white
circle.

DISCUSSION

PILOCYSTICASTROCYTOMAS (PA) AND FUNCTIONAL
NEUROIMAGING

Pilocystic astrocytoma (PA) also known as juvenile
pilocysticastrocytomas, is grade 1 well-defined
astrocytomas. On structural MRI, the majority of the tumor
appears as a large cystic lesion with a brightly enhancing
mural nodule with non-enhancing cystic wall. The one with
symptomatic nature is commonly treated micro surgically
which aims to remove totally the solid component.

In the present study, endoscopic surgery was done
to remove the solid component by making a good use
of a large cystic space provided by the tumor. The post-
operative assessment using structural-anatomical MRI
reveals a smaller cystic tumor and participant’s symptoms
had improved significantly. Additional functional
neuroimaging using MEG were completed prior and also
after the surgery (Idris et al. 2014; Brown et al. 2008).
This additional functional outcome data obviously offers
supporting evidence in patient’s clinical improvement and
provides the opportunity to study neuroplasticity.

MEG SOURCE ANALYSIS IN FUNCTIONAL NEUROIMAGING

The MEG N100 waveforms for VEF show significant
difference before and after the surgery. Pre-operative
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N100 waveform has lower in amplitude (deformed wave)
and longer in its latency (Figure 5). Concerning the dipole
localization for VEF, the pre-operative dipoles are spread
equally into the right and left occipital areas, whilst for
the post-operative dipoles, they are localized only in the
right occipital area. These brainwave data provide some
functional evidence for visual disturbance experienced
by the patient. Clearer neuro-functional outcomes are
demonstrated further by using brain electrical source
analysis (BESA). Pre-operative MEG source analysis
results of the participant indicate that bilateral occipital
area (concordance with the dipole findings) was activated
but with a marked signal intensity response in the right
calcarine cortex compared to the left (Figure 5C). However,
this pre-operative signal intensity response for N100
appears a lot less when compared to the post-operative
signal (Figure 5D). The pre-operative results may suggest
that the occipital calcarine areas of both hemispheres were
still intact, but because of the presence of a large tumor, the
VEF brainwave signals for N100 were altered significantly.
This functional-brainwave abnormality together with
the anatomical location for the tumor explains a right
homonymous hemianopia which was experienced by the
patient. The patient successfully underwent endoscopic
surgery to remove the solid component.

Postoperatively, all symptoms resolved and
disturbances in her visual field have improved from right
hemianopia to an insignificant right upper quadrantonopia.
The improvement in the visual field is suggested to be due
to the optic radiations are recovering from being under
stretch by the tumor mass. This improvement is expected
to occur due to relief of pressure on the cortical optic
radiations. We further suggest that after the tumor has been
removed, not only the pressure on the visual optic is relief
but also there is a recovery process in the functional brain
area related to visual processing. This recovery process
in the functional brain area can be seen in the brain wave
and neural activity, as in Figure 5C. Postoperatively, MEG
source analysis shows much stronger signal intensity in
the right occipital-calcarine cortex with additional new
activation area in the outer left occipital cortex (Figure
5D in white circle).

The shifts in signal intensity and dipole localization
may suggest the recovery process of the functional brain
and we further suggest that this changes and reorganization
of brain signal and intensity is due to the process of neural
plasticity (Chung et al. 2017; Harrington et al. 2016)

NEUROPLASTICITY IN BRAIN TUMOR

Neuroplasticity is a constant process allowing all-time
rewiring and reshaping of the neuron synaptic maps,
the purpose of this mechanism is to optimize the brain
processing and network functions (Ivanco & Greenough
2000; Grover et al. 2006). The mechanisms of these
neuronal changes are widespread and include functional
alterations, neuro chemical changes, sprouting of new
connections, remodeling and reorganization of visual
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pathway (Hund et al. 1997; Hara et al. 2007; Kikuchi et
al. 2015). The capacity for the brain to reorganize itself is
critical for the process of functional recovery in patients,
and this is often called post-lesional plasticity (Bavelier
& Neville 2002). Our study highlights this point, whereby
after reappearance of some normal anatomical brain
structures on post-operative structural MRI (Figure 2C
and D), the N100 VEF signal intensity appears stronger
in the right occipital-calcarine cortex and new activation
area emerged at outer part of the left occipital cortex. The
changes observed in our study can only be explained by
neuroplasticity (Brundage & Taylor 2010; Juenger et al.
2013; Nakamura, Hillary & Biswal 2009). In concordance
with our findings, there are some previous studies that
proposed slow growing tumors, particularly low-grade
gliomas such as PA which can induce a large functional
rewiring (Chen, Cohen & Hallett 2002; Hayley &
Litteljohn 2013; Kikuchi et al. 2015). Our findings in term
of MEG-based functional neuroimaging analysis in outcome
evaluation, together with the concept of neuroplasticity
mentioned in other studies may indicate patient’s clinical
improvement in visual field could be largely due to
neuroplasticity which occurs at certain or new activational
areas for visual processing. The present study provides
new MEG-based evidence in functional reorganization for
visual network.

CONCLUSION

In conclusion, this study highlights the clinical value of
VEF using MEG in the pre-operative and post-operative
assessment of young participant with pilocystic astrocytoma
and its potential advantages. To conclude, VEF using MEG is
a promising technique, which may serve to determine visual
localization or to investigate atypical visual representations
in young participant with brain tumor.
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