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ABSTRACT

Catastrophic epileptic encephalopathies in children comprise devastating conditions that features cerebral
dysfunction in association with refractory epileptic seizures. The diagnosis is based on the clinical findings, on
magnetic resonance imaging (MRI) of the brain and on electroencephalographic findings. For these conditions,
surgery remains essential for attaining seizure control. We report two cases of 5-year-old girls. The first one had
a diagnosis of Rasmussen’s syndrome. The second one had a large porencephalic cyst secondary to perinatal
cerebral ischemia. Despite trials of anticonvulsants, both patients deteriorated, and a functional hemispherectomy
guided by neuronavigation was indicated and performed, with low morbidity and excellent seizure control. The
neuronavigation proved to be a valuable guidance tool in performing the functional hemispherectomy, making
the disconnections more accurate, and thus decreasing the surgical time and blood loss.
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RESUMO

Aplicabilidade da neuronavegacdo em hemisferectomia funcional

As encefalopatias epilépticas catastréficas da infAncia compreendem condicdes graves que associam disfungéo
cerebral e crises epilépticas refratarias. Seu diagnéstico € firmado com base nos dados clinicos e nos achados de
ressonancia magnética e eletrencefalograficos. Para algumas destas condigdes o tratamento cirdrgico continua
sendo essencial para o controle das crises. Relatamos dois casos de pacientes de 5 anos. A primeira teve
diagnéstico de sindrome de Rasmussen. A segunda tinha antecedentes de encefalopatia hipéxico-isquémica
perinatal. Ambas apresentaram epilepsia parcial refrataria em associagio com rapida deterioracio neuroldgica,
e foram submetidas & hemisferectomia funcional com auxilio da neuronavegagio, com baixa morbidade e
excelente controle das crises. A neuronavegacio se mostrou como uma valiosa ferramenta na realizagdo da
hemisferectomia funcional, possibilitando desconexdes mais precisas, menor tempo de cirurgia e menor perda
sanguinea.

Palavras-chave: sindrome de Rasmussen; hemisferotomia; hemisferectomia; neuronavegagio; cirurgia de
epilepsia.
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INTRODUCTION

Rasmussen’s syndrome is a well-known cause of
refractory epilepsy in the young patient. Its early recognition
and treatment are crucial for a better prognosis in terms of
seizure control and neurological performance.!* Anatomical
hemispherectomy and functional hemispherotomy and its
variants have been employed on the management of this
condition with good results.”!7 Other refractory epileptic
diseases may also be treated by these procedures.???
Nonetheless, these surgeries are challenging in terms
of their anatomical complexities and associated intra
operative and post-operative risks. The introduction of
modern neuronavigation guidance in neurosurgery has
improved surgical results by increasing accuracy, safety
and decreasing surgical time.?*3! The aim of this article

is to discuss the usefulness of the neuronavigation in the
functional hemispherectomy for refractory epilepsy.

Case One

A 5-year-old girl presented to our Epilepsy Unit with
a history of seizures since the age of 3 years and 8 months.
The first tonic-clonic seizure occurred during sleep,
followed by left sided clonic seizures that progressively
increased in frequency (1 to 2 events daily). At the age
of 4 years and 6 months, she went on to develop complex
partial seizures, preceded by an epigastric discomfort and
autonomic symptoms. Initial EEG study was normal, and
brain magnetic resonance imaging (MRI) disclosed mild
hippocampal asymmetry, left hippocampus being smaller
than the right hippocampus. Her fits were partially controlled
with lamotrigine. Nonetheless, at the age of 4 years, the
seizures became refractory. Further investigation with
video-EEG telemetry showed a highly active epileptic zone
on the anterior temporal projection of the right hemisphere
(Fig. 1A and 1B). New MRI displayed atrophic changes in
the right insular cortex, as well as enlargement of
the Sylvian fissure and cortical sulcii in the same
side (Fig. 1C). Neuropsycological evaluation
revealed visual memory and executive planning
impairment, in association with left sided fine
motor dysfunction.

After the diagnosis of Rasmussen encephalitis
was made, the treatment options were discussed
with the parents, and surgery (Image-guided
Right Functional Hemispherectomy) was offered,
accepted and consented by the patient’s parents.

Case Two

A 5-year-old girl presented to our unit with a
history of perinatal cerebral ischemia with a severe
disruption of gray and white matter architecture
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with a cystic lesion in the left hemisphere. She had
seizures since her birth. Disturbances on cognition,
behavior and motor development were present.
She had a right hemiparesis, but was able to walk
independently. She was presenting an increasing
number of partial epileptic seizures, becoming
refractory to different antiepileptic drugs. MRI
revealed severe atrophy with infarction and cyst
lesion in the left cerebral hemisphere. Prolonged
video-EEG recording disclosed continuous
epileptogenic activity originated from the whole
left hemisphere. Neuropsychological evaluation
demonstrated severe cognitive impairment.
After having the diagnosis of a refractory

C

Figure 1. A) T2-weighted MRI imaging demonstrating atrophic changes in
the right hemisphere, more evident around the Sylvian fissure and insular
cortex. B) Subtle Flair-sequence signal intensities can be seen in the right
insular cortex. C) Telemetry shows sharp waves and spikes on the anterior
and medium right temporal projections against a slowed background.
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epilepsy cause by a perinatal cerebral ischemia, the
treatment options were discussed with the parents,
and surgery (Image-guided Right Functional
Hemispherectomy) was offered, accepted and
consented by the patient’s parents.
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Surgical procedure

Along with routine pre-operative work up, MRI-3D
reconstructed images were obtained for neuronavigation pre-
operative planning and calibration. The neuronavigation
system used was the Vector Vision, Brain Lab.

At the time of anesthesia induction, IV antibiotics
were given, the reconstructed images were loaded into the
navigation machine and the 3-pin head fixation was put
in place. The navigation 3-spheres reference device was
attached to the head clamp, after which the system was
calibrated for use through the z-touch® technique. The
accuracy given by the system was appropriate for the pro-
cedure proposed. With the help of the navigation wand, the

appropriate skin incision was marked (Fig. 2A and Fig. 2B).
After prepping and marking of the skin, the surgical
field was draped and the incision performed. The next step

consisted of a tailored fronto-temporal-parietal cranial flap
followed by dural opening performed under microscopic
view. With the help of the neuronavigation, a 4cm x 3cm
corticotomy window was made on the supra insular region
to gain access to the ipsilateral body of the lateral ventricle
(Fig. 2C and Fig. 2D). In the second case there was a cystic
brain lesion communicating with the lateral ventricle.
After that, a right temporal lobectomy was performed,
followed by resection of the mesial temporal lobe structures
(amigdalo-hipocampectomy). Through the previously made
ventricular window, and with the navigation guidance, the
corpus callosum was clearly identified, in the first case, and
sectioned widthwise from its right lateral extension (as
also confirmed by the position of the pericallosal arteries)
and lengthwise from the rostrum through the splenium
(Fig 2E and 2F). In the second case, callosotomy was
only completed, because there was already an extended
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Figure 2. A) and B) Marking of the
incision. C) Right Supra-Insular
resection window for access to the
lateral ventricle. D) Navigation

view: Supra-insular approach to the
lateral ventricule. E) Navigation

view: Callosotomy, genu of the corpus
callosum. F) Navigation view: white
matter fibers on the right lateral aspect
of the splenium of the corpus callosum.
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lesion of this structure. After this step, the remaining
occipital and frontal intra-hemispheric white matter fibers
were sectioned, completing the disconnection. Careful
haemostasis was performed and no intra-dural drains were
used. The bone flap was repositioned; muscles reinserted
and a subcutaneous suction drainage system was left in
place. The skin was closed with unabsorbable sutures. Total
surgical time was about 6 hours in the first case and 4 hours
in the second case and the estimated blood loss was 600ml

for both.

Post operatory period

The first patient remained in the intensive care
unit for 36 hours, and was extubated on the fifth post-
operative hour after regaining full consciousness. The
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second patient remained in the intensive care unit for
24 hours. Neurological examination depicted left hand
side hemiplegia with no other deficits in the first case.
The second patient remained clinically unchanged with
a right hemiparesis. The subcutaneous drain was removed
on the first post-operative day. During their hospital stay
they did not present any seizures. Postoperative CT scans
were performed for each patient in the post-operative
period, and no evidence of hemorrhagic or hydrocephalic
complications were found. The usual anticonvulsant
regimen was maintained at the time of discharge. Post
operative MRI obtained 3 months after surgery revealed
total disconnection of the hemisphere in both cases
(Fig. 3).

At last follow ups (12 months and 2 months,
respectively, after surgery) they were seizure free.

FiBETrak

Figure 3. A) and B) Post-operative T2-weighted MRI showing a residual cyst and general aspect
of the right hemisphere after the functional hemispherectomy. C and D) Tractography dysplaing
the discontinued white matter fibers within the the right hemisphere and corpus callosum.
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DISCUSSION

Medically intractable epilepsy in children (MIE) is
defined by the persistence of seizures despite the use of
2 or more anticonvulsants at optimal doses, though this
diagnosis is very often established early after the onset of
seizures, especially when the epilepsy is disabling or infantile
spasms occut.’” Up to 30% of children bearing epilepsy will
develop refractory fits.!” Rasmussen’s syndrome is currently
understood as a chronic and progressive disease, which
presents with neurological deterioration (speech, cognition
and motor impairment) and continuous partial seizures.
Auto immune response appears to play an important role in
the pathogenesis of the disease.!® In Rasmussen’s syndrome,
MRI of the brain generally depicts unilateral hemispheric
atrophy of different degrees and electroencephalographic
analysis demonstrates virtually whole hemispheric spikes
and abnormal waves.>3!° The epileptic seizures are seldom
responsive to anticonvulsants and some patients may
respond to a course of steroids, intravenous immunoglobulin
or plasmapheresis.>*® Surgery remains the main treatment
option, and should be considered in the early stages of the
disease, when the best outcomes can be achieved.!? Surgical
options include anatomical hemispherectomies and the
various techniques of functional hemispherotomies. These
techniques are also currently employed on the management
of refractory epilepsy caused by other conditions, like
hemimegaencephaly, ischemia related seizures and Sturge-
Weber syndrome.> 1214

McKenzie performed anatomical hemispherectomy
in the 30’s and Krynauw in the 50’s, and it still is the
technique of choice in some epilepsy surgery centers.?1?* It
involves the removal of brain tissue in one hemisphere after
ligation of major supratentorial main arteries, but sparing
the basal ganglia. Despite the good seizure control rates,
the anatomical techniques carry a higher morbidity and
mortality risks, mainly related to the prolonged operative
time, induced coagulation disorders, hemosiderosis,
hydrocephalus and infection.”!%4152022 Nonetheless, more
recent hemispherectomy series achieve a lesser degree of
complications and mortality rates in comparison with
earlier reports.!®1215.2021,24

Other approaches developed in the 70’s and 80’s
included functional hemispherectomy and functional
hemidecortication, which aimed at decreasing the amount
of brain tissue removal. Both techniques achieve good
seizure control rates with decreased morbidity and mortality
in comparison with anatomical resections.!!?!

In the 90’s, new techniques, namely functional hemis-
pherotomies, emerged with the purpose of disconnecting
the brain hemisphere from the contra-lateral side and intra-
hemispheric white matter fibers while preserving the vessels
and removing the minimal amount of brain tissue.*?* Various
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modified techniques have arisen, but the vertical and
peri-insular hemispherotomies introduced by Delalande
and Villemure are the most popular. The first consists of
disconnecting the targeted hemisphere from a parasagital
corticectomy, accessing the ipsilateral lateral ventricle,
performing a callosotomy and then contouring the basal
ganglia down and anteriorly to the hippocampus. Then the
remaining occipital and frontal white matter is divided to
complete the disconnection. The second implies on the
creation of a supra and infra-insular window, access to the
lateral ventricle, callosotomy and frontal and occipital dis-
connections.'#17:2021 The lower rate of complications described
following a functional hemispherotomy appears to result
from the lesser degree of tissue resection. Also, the surgical
time is reduced in comparison to anatomical techniques.?’

In the cases presented in this article, we chose to
perform a modified functional hemispherectomy, under
neuronavigation guidance, aiming at a least necessary brain
tissue removal.

Neuronavigation has been employed in neurosurgical
procedures since the mid eighties, when Roberts put
forward the concept of the frameless stereotactic system and
Watanabe and Reinhardt developed arm-assisted systems.*
Ever since, several technologies have emerged, making it
possible for the surgeon to be guided intra-operatively.?3! All
major steps of a given neurosurgical procedure potentially
benefit from navigation techniques: pre operative planning,
skin incision marking and selection of the approach,
localization of the lesion, definition of its boundaries and
relevant regional anatomy. Currently, the most widespread
navigation devices rely on optical systems, where reflective
spheres attached to the patient’s head clamp are identified
by infra-red cameras. The position of the patient’s head is
worked out through the three dimensional situation of the
spheres after calibration of the system. A new set of spheres
attached to a mobile surgical tool or a pointer, is brought
in proximity to the head, which in turn gets automatically
perceived by the cameras. The three dimensional location
of the mobile spheres is determined with reference to the
fixed spheres through complex mathematical algorithms,
and displayed in dedicated screen in a chosen sequence
of MRIL.? The pointer is then used at any desired time
to pinpoint the region of interest. Nonetheless, it “s main
limitation and other navigation technologies is brain shift.
As the system is based solely on pre-operative images,
whenever a considerable amount of brain tissue or fluid is
removed, the computer cannot accurately compensate the
brain shift, and the surgeon can be mislead. To update the
system, another set of images needs to be obtained (intra-
operative MRI, CT-scan or ultrasound).

The functional hemispherotomy is a complex
neurosurgical procedure that demands profound knowledge
of the anatomy and good three-dimensional orientation.
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Considering that in many cases the anatomy is distorted,
several epilepsy surgery centers currently use neuronavigation
as an important aid on performing hemispherectomies/
hemispherotomies.!??$?%2%28 The reported advantages
in employing the navigation techniques include better
orientation during the craniotomy and gaining access
to the ventricles, on performing the tractotomies and
callosotomy. Surgical time is reduced, and as a consequence
blood loss is decreased. However, as already mentioned,
brain shift is a common situation on hemispherotomies/
hemispherectomies, since a considerable amount of CSF
or brain tissue is expected to be removed.

In our experience, the neuronavigation guidance was
helpful during the several steps of the procedure: pre-
operative surgical planning, definition of the skin incision,
craniotomy location and its size. But at the time of gaining
access to the lateral ventricle, performing the callosotomy
and the frontal and occipital white matter sectioning the
navigation was essential. One of the main aspects of the
procedure, in our opinion, is to initially gain access to
the ipsilateral lateral ventricle, through a supra-insular
window. The navigation guidance was very useful on
determining the extension of the parietal cortex resection
and direction of the white matter dissection, so that the
approach for the callosotomy and later frontal/occipital
disconnections could be established accurately. Moreover,
to minimize CSF loss after the ventricular opening, and
to secure its access, cotton patties are always placed at
the aperture. With regards to the callosotomy, since it is
performed from a lateral intraventricular approach, one
needs to have complete control of its anterior-posterior
extension. Again, using the neuronavigator, we were able
to disconnect the crossing fibers of the corpus callosum from
the rostrum through the splenium, as shown in the post-
operative MRI of the first patient. Furthermore, another
particular challenging step of the procedure is to complete
the disconnection within the frontal lobe medial white
matter fibers. Neuronavigation provided us with useful
guidance to accomplish it.

When an image-guided neurosurgical procedure is
performed, as in the cases of stereotaxis or neuronavigation,
brain-shift may occur. This is due to the fact that the prior
determined coordinates may lose accuracy during surgery.
This phenomenon is related to the displacement of brain
structures due to surgical manipulation, tissue resection
and the aspiration of cerebrospinal fluid.

The possibility of brain-shift increases when the
surgery is more aggressive. The only way to avoid this
problem is the use of intraoperative neuroimaging. We
have employed intraoperative magnetic resonance imaging
(MRI) in cases of brain tumors microsurgical resections.
However, this procedure increases morbidity, particularly
the postoperative infections.
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MRI has excellent image resolution and is the best
option to demonstrate details of brain structures. Image-
guided MRI, as with the stereotaxis and neuronavigation,
has great accuracy. However, it is accepted that a possibility
of distortion in the proportion of few millimeters may
exist.

It is important to understand that functional
hemispherectomy is already a well established surgery
and it has been performed routinely in many centers
with microsurgical methods but without image-guided
techniques. The use of this new method enables the
functional hemispherectomy to be performed with the same
safety of microsurgical conventional operation plus all the
advantages of neuronavigation.

The vision of the brain anatomy with the operative
microscope is allied to the sophisticated location by
an image-guided technique allowing, for example, the
penetration of the brain tissue from the superficial cortex
into the lateral ventricle faster and safer than with only the
conventional way. The same advantages are used in the
resection of the corpus callosum from the lateral ventricle
up until the visualization of the anterior cerebral arteries,
as well as through the brain fascicles of white matter for a
complete disconnection.

Neuronavigation proved to be an effective tool in
guiding the surgeon through the major steps of the functional
hemispherectomy performed in the present cases, with
emphasis in the more demanding phases of the procedure,
like the callosotomy and frontal/occipital disconnection.
Considering the growing experience with navigation
techniques and the emergence of new technologies that
could overcome brain shift, it is our belief that these
technologies should be employed routinely in all complex
neurosurgical procedures such as hemispherectomies.
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