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ABSTRACT

Introduction: Cerebral cortical development is a highly complex process influenced by environmental, genetic
and functional abnormalities. Hemimegalencephaly (HME) is a rare brain malformation that involves
overgrowth of one hemisphere. Clinically macrocephaly, mental retardation, contralateral hemiparesis,
hemianopsia and intractable epilepsy may be present. Diagnosis is mainly done with image and clinical
findings. MRI typically reveals an enlarged cerebrum involving at least one lobe, with a thickened cortex;
broad gyres; abnormal gray-white matter differentiation with abnormal sign; neuronal heterotopia, ventricle
asymmetry, and basal ganglia and internal capsule abnormalities. Electroencephalographic abnormalities
usually involve the affected hemisphere, with an asymmetric amplitude of the normal, age-related rhythms;
slow, rhythmic or fast activity and multifocal unilateral or bilateral high-amplitude spikes and spike-wave
complexes. Histopathologic changes include abnormal gyrification, with loss of cortical lamination, neuronal
heterotopia, gliosis, large bizarre neurons and balloon-cells. The presence of highly refractory seizures in
patients with HME is an important factor to consider epilepsy surgery in these patients. Methods: Multiple
surgical techniques are actually being used for hemispheric disconnection. We discuss here the main surgical
techniques that are used for hemispheric disconnection. Conclusions: Postsurgery outcome for HME may
be not as good as that for focal lesions with approximately 40% of patients being seizure free, but the main
indication for surgery in these patients may be preventing additional cognitive injury and developmental
delay. Surgical complications are observed in most of the series of patients with HME submitted to hemispheric
surgery. Minimal resections may contribute do diminish surgical complications.
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RESUMO

Hemimegalencefalia e epilepsia: uma revisdo

Introdugio: O desenvolvimento cortical cerebral é um processo altamente complexo influenciado por fato-
res ambientais, genéticos e funcionais. A hemimegalencefalia (HME) é uma malformacéo cerebral rara que
envolve o crescimento anormalmente maior de um hemisfério cerebral. Clinicamente h4 macrocefalia, retar-
do mental, hemiparesia contralateral, hemianopsia e epilepsia intratdvel. O diagnéstico é feito pelos acha-
dos clinicos e de imagem. A ressonincia magnética revela aumento do encéfalo que envolve a0 menos um
lobo, com afilamento cortical e alteragfo da diferenciagdo da transi¢do branco-cinzenta, com alteragio do
sinal. Observa-se ainda heterotopia neuronal, assimetria ventricular e alteragdes dos ganglios da base e da
cépsula interna. As alteragdes eletrograficas geralmente envolvem o hemisfério afetado, com assimetria da
amplitude dos ritmos idade relacionados. Sdo observados ainda paroxismos epileptiformes do tipo pontas,
polipontas ou ponta-onda, multifocais unilaterais ou bilaterais, descargas rapidas. As alteracoes histopato-
l6gicas incluem giragdo anormal, com perda da laminagio cortical, heterotopia neuronal, gliose, presenga de
neurdnios bizarros e células em baldo. A presenga de crises epilépticas intratdveis em pacientes com HME é
um fator importante para a indicagdo do tratamento cirtrgico. Métodos: Multiplas técnicas cirtirgicas sdo
atualmente utilizadas, predominando as técnicas desconectivas. Serdo discutidas aqui as principais técnicas
cirtrgicas empregadas nas desconexdes hemisféricas. Conclusées: O prognéstico pés-cirtirgico é pior do que
em outras formas de lesdes focais, sendo que aproximadamente 40% dos pacientes tornam-se livre de crises,
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mas a principal indicagfo para o tratamento cirtrgico é, além da reducio da freqiiéncia de crises a preven-
¢do da instalagio de novos déficits neuroldgicos. Complicacdes cirtrgicas sdo observadas na maioria das
séries de pacientes com HME submetidos ao tratamento cirtrgico. Ressecgdes menores podem contribuir na

diminuig¢do destas complicagdes.

Unitermos: hemimegalencefalia, epilepsia, cirurgia.

INTRODUCTION

Cerebral cortical development is a highly complex
process and can be divided into three steps that
included cell proliferation, neuronal migration and cortical
organization”. The normal development of these three
steps may be modified by multiple causes such as
environmental or acquired factors, genetic and functional
abnormalities. The main environment factors are related
to pregnancy and deliver, including any factor that may
affect the pre-natal phase, as infections or hypoxia.
Genetic factors may include chromosome deletions or
duplications, X inactivation or mosaicisms. Genetically,
brain development ontogenesis is programmed and
controlled by organizers and regulators genes, but the way
these genes are up and down regulated is not clear and
the same genes may have different functions in different
ages?”. An abnormal regulation of these genes may
contribute to the occurrence of cortical developmental
malformations. Functionally, clinical expression of central
nervous system malformations may vary widely and the
extension of anatomic defects do not predict clinical
manifestation.

Hemimegalencephaly (HME) is a rare, sporadic and
nonfamilial congenital brain malformation with a low
recurrence rate, even when associated with neuro-

cutaneous syndromes. HME involves overgrowth of a part
of one hemisphere, an entire hemisphere or a hemisphere
and part of the other side. Hypertrophy of the ipsilateral
cerebellum and brainstem may be seen, with enlargement
of skull. HME was originally described by Sims® and
is classified as a malformation of cortical development
due to non-neoplastic abnormal cell proliferation or
apoptosis!), having characteristic image findings.
Although HME causes are unknown it is correlated to
insults during the first month to the second trimester of
pregnancy®.

HME may be an isolated finding or be associated with
a genetic syndrome. The real proportion of isolated and
syndromic cases is not clear in the literature, since most
of the papers do not describe sufficient clinical data to
support diagnosis of the different syndromes. Tinkle et
al. ® reported a series of 29 patients with HME, witch
47% of them were syndromic. The most common
syndromes associated with HME are epidermal nevus
syndrome, Proteus syndrome, Encephalocraniocutaneous
lipomatosis, hypomelanosis of Ito, Klippel-Trenaunay
syndrome and tuberous sclerosis complex (Figure 1) 13567,
The association of HME and tuberous sclerosis com-
plex is extremely rare, with few reports in the litera-
ture®?,

Figure 1. Syndromes associated with HME. A. A patient with epidermal nevus syndrome.
B. A patient with hypomelanosis of Ito.
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Clinical features include usually macrocephaly without
signs of clinical intracranial hypertension at birth. Latter
symptoms are some degree of mental retardation,
intractable epilepsy, contralateral hemiparesis and hemi-
anopsia, although some cases of near normal neurological
development occur®®!), Language and motor impairment
are usually worst than in patients with focal cortical
dysplasia®. Hemifacial or hemicorporal hypertrophy of
the body and macrodontia may be present, and in rare ca-
ses facial lipomatosis is observed and some authors had
related contralateral micrencephaly®>131415.10)- Seizures
are a common symptom, related in up to 100% of cases!?
and usually start within the first six months of life. They
may be of partial onset, infantile spasms, epilepsia partialis
continua or drop attacks™V. Non-convulsive status
epilepticus and atypical seizure types are related in the
literature and some authors had reported epileptic negative

myoclonus(819),

CLINICAL DIAGNOSIS AND INVESTIGATION

Diagnosis is mainly done with image and clinical
findings. Clinical diagnosis may be done in syndromic ca-
ses but brain image is essential in isolated cases. Prenatal
ultrasound examination may reveal hydrocephalus and
macrocrania®?, Prenatal Magnetic resonance image
(MRI) may reveal the ventricular enlargement and
restricted diffusion suggesting increased cellularity and
advanced myelination in the affected hemisphere®). In
neonates, cranial sonographic findings include hemisphere
thickening of the lateral ventricule,
periventricular white matter thickened with increased

enlargement,

echogenicity and displacement of midline structures®?.

Post-natal MRI usually allows the correct diagnosis and
typically reveals an enlarged cerebrum involving at least
one lobe, with a thickened cortex; broad gyres; abnormal
gray-white matter differentiation with abnormal sign;
neuronal heterotopia, ventricle asymmetry, and basal
ganglia and internal capsule abnormalities. The occipital
lobe enlargement usually leaves it to shift across de
midline #2223, Posterior quadrantic dysplasia, involving the
occipital, parietal and temporal lobes of one hemisphere
may represent a less severe variation or a partial HME,
with similar clinical and pathological findings®©.

In patients with association of HME and tuberous
sclerosis complex one hemisphere may present with
pachygyria, high intensity white matter images, subepen-
dymal glial nodules and diffuse mineralization (Figure 2).
The affected hemisphere may become smaller with
disease progression and might not be larger than the
opposite normal hemisphere at the time of imaging. The
non HME hemisphere may be normal or have cortical
tubers®?.
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Figure 2. Magnetic resonance image in patients with HME.
A. Same patient showed in Figure 1A with epidermal nevus
syndrome. Note the occipital lobe enlargement witch shift across
de midline. B. HME with abnormal gray-white matter
differentiation and sign. C. HME in a 2 months boy with
continuous focal motor seizures. D. Association of HME and
tuberous sclerosis complex, with an almost normal contralateral
hemisphere.

Magnetic resonance spectroscopy in the affected
hemisphere showed a decrease in white matter glutamate,
N-acetylaspartate and creatine, with less severe changes
or no changes in cortical gray matter, with mild metabolic
affection of contralateral normal white matter. These
findings generally reflect irreversible loss or damage of
neuroaxonal tissue?¥.

Electroencephalographic abnormalities usually involve
the affected hemisphere, with an asymmetric amplitude
of the normal, age-related rthythms; slow, rhythmic or fast
activity and multifocal unilateral or bilateral high-ampli-
tude spikes and spike-wave complexes. Interictal bilateral
discharges may be generalized or independent. In the first
months of life, unilateral suppression burst pattern or
hypsarrhythmia may be present. An age-dependent
epileptic encephalopathy corresponding to each particu-
lar development stage may be observed, and include
Ohtahara’s Syndrome, West's Syndrome and Lennox-
Gastaut Syndrome. Epilepsia parcialis continua may be
observed and usually aggravate motor function and
development@®!:2%, When abnormalities are unilateral,
they usually are observed in the structurally abnormal side.
Ictal abnormalities may be composed of unilateral or
diffuse fast rhythmic activity that’s build-up or bilateral
independent activity®).
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Functional examinations as PET (positron emission
tomography) and SPECT (single-photon emission computed
tomography) study cerebral blood flow and glucose
metabolism, classic markers of neuronal function. In
patients with HME, cerebral blood flow is usually increased
in the affected side. Some studies had shown that an
increase in blood flow is also observed at the normal
hemisphere, suggesting it may be involved in the
epileptogenesis by the presence of diffuse spikes. These
findings are reversible with the disconnection of the
malformed cortex and the disappearance of bilateral spikes.
The delay of the surgical treatment may contribute to the
development of bilateral independent Interictal spikes and
the definitely epileptogenesis organization in the non-
HME side, supporting the indication of operating patients
with HME as soon as possible 29,

PATHOPHYSIOLOGY

Histopathologic changes include abnormal gyrification,
with loss of cortical lamination, neuronal heterotopia,
marked gliosis, large bizarre neurons and non-neuronal
large cells, called balloon-cells®*?. Neurons are characte-
rized by expanded dendritic trees and prominent somatic
processes. Balloon cells are usually multinucleated and
have a fibrillary gliosis. The origin of balloon cells is
uncertain and they may be cells that failed to differentiate
at very early stages). Some of the observed alterations are
similar to those observed in tuberous sclerosis syndrome,
although ultrastructural cell examination showed diffe-
rences between balloon cells of HME and tuberous
sclerosis patients®?.

Cellular and molecular abnormal neurotransmitter
expression are being related in patients with HME.
Reduced expression of NMDA mRNA and enhanced
expression of the GLT-1 glutamate-uptake site mRNA was
observed by Baybis et al.®, suggesting a change in cellular
excitability. The effects of recurrent seizures in this process

is difficult to analyze, but the presence of different
expression in some pathologies such as tuberous sclerosis
and a similar expression in others like linear sebaceous
nevus suggests that a common mechanism may be present,
leading to a high epileptogenicity in HME. Also, increased
expression of nerve growth factor (NGF) was observed in
HME patients. NGF play a role in neuroblast maturation
and its elevation may be associated with HME patho-
genesis?d,

The presence of clinical and image signs of HME and
dysembryoplastic neuroepitelial (DNT)
described by Specchio et al.?”. The authors related a
patient with an enlarged right hemisphere with a more
localized high signal in MRI. The neuropathology of the
removed tissue was compatible with DNT and focal

tumor was

cortical dysplasia. This association in focal lesions was
already described and suggests that this tumor may have a
similar origin or developmental mechanism as cortical
dysplasia®.

SURGICAL TREATMENT

The presence of highly refractory seizures in patients
with HME is an important factor to consider epilepsy
surgery in these patients. Pre-existing hemiplegia or a
dense deficit with non functional hand, with visual field
deficit are arguments favoring an hemispheric approach,
although the absence of previous deficits do not exclude
the surgery, specially in circumstances of progressive
diseases, such as Rasmussen Syndrome.

Multiple surgical techniques are actually being used
for hemispheric disconnection®!32. The surgical approach
depends of the extension of the lesion and the experience
of the neurosurgeon. Large ventricles certainly helps
allowing more space for surgeon to work. In HME the great
difficulty is related to distortion of the brain and in this
circumstance even large ventricles can sometimes be
misleading (Figure 3).

Figure 3. Surgical techniques used for hemispheric disconnection.
A. Anatomic hemispherectomy. B. Functional hemispherectomy. C. Hemispherotomy.
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Anatomic hemispherectomy was the first technique
employed in patients with hemispheric lesions and
involved removal of all cerebral cortex, the insula and
sometimes portions of the basal nuclei®. It has been
almost abandoned because of the delayed complications
of the procedure, which included obstructive hydro-
cephalus, superficial haemosiderosis, intracranial haema-
tomata and death®*3%| but nowadays it has been revived,
mainly in such difficult cases as HME®,

Hemidecortication or hemicorticectomy includes the
removal of cortical grey matter with preservation of the
ventricle and a layer of white matter. Here a great amount
of cerebral tissue is removed and late complications as
haemosiderosis and intracranial haematomata may be
observed 4 to 5 years after surgery®©9.

Less aggressive surgeries, with smaller amounts of ce-
rebral tissue resection are being used nowadays. Aiming
at reduction of the complications Rasmussen proposed
functional hemispherectomy. Original description of the
technique included temporal lobectomy, resection of the
central supra-Sylvian cortex with disconnection of the
frontal and occipital lobes and complete callosotomy®?.
Yoshioka et al.®? reported a patient submitted to a
modified functional hemispherectomy in witch the authors
limited the temporal resection to superior temporal gyros,
with removal of the hippocampus and amygdala. Delalande
in 1992 coined the term hemispherotomy after describing
his technique in which access to the ventricle is
superiorly through a corticectomy followed by complete
disconnection around the thalamus and basal ganglia,
resection of the hypocampus and amygdala and calloso-
tomy®®. Villemure and Mascott® and Schramm et al.“®
described a similar technique for disconnection through a
sylvian “window”, posteriorly refined by Shimizu and
Maehara®) using a fronto-parietal resection of the
operculum to gain access to the ventricle and then
performing the complete disconnection from inside the
ventricular cavity. Danielpour et al.#? reported an
interhemispheric approach as a variant of the technique
of Delalande, followed by internal capsule transection,
opening of the roof of the temporal horn and amygdala
and hippocampus resection. The original technique
described and its modifications are good options in patients
with large or normal hemispheres, such as patients with
HME.

Hemispherotomy is mainly a disconnective surgery,
with less resection of the central cortex and preservation
of the temporal lobe. Although initially proposed for
patients with large middle cerebral artery lesions and large

ventricles®?

in reality with experience surgery can be
performed even with small ventricles. Modifications are
frequently proposed by surgeons but the main objective of

surgery is seizure control and reduce medications allowing
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the child to regain neurological milestones. In our Hospi-
tal we first used a peri-insular linear corticectomy
(preserving the operculum) until the lateral ventricle is
opened, from the frontal to the temporal horn, followed
by section of the frontal horizontal fibers, complete
callosotomy, section of the fornix, temporal lobectomy (not
in all cases) and amygdalo-hippocampectomy. More
recently resection of the frontal and parietal operculum,
as proposed by Shimizu and Maehara®? really facilitates
approach to the ventricle, and subsequent surgery steps as
described above.

Some authors had tried more conservative surgeries
with a partial resection and little disconnection. Russo et
al.® performed a fronto-centro-parietal resection, with
preservation of visual cortex and connections in one
patient with HME. Unfortunately the patient did not
achieve good surgical control and this raises the question
if more conservative approach had benefits in patients with
HME. Specchio et al.?? had a good seizure outcome in
one patient with DNT and HME submitted to a focal tem-
poral resection, but this patient may not represent the
classical features of HME, since DNT patients usually have
a more favorable post-surgical outcome.

In patients with diffuse MRI abnormalities and multi-
focal spikes on EEG, focal resection may not lead to a good
seizure outcome, since the definitions of only one
epileptogenic region is not easy. Multifocal resection may
have the same functional prognosis when considering
neurological deficits with a worst seizure control,
suggesting that hemispheric approach should be the best
options in most of the cases and focal resections should be
considered in individual cases.

SURGICAL RESULTS

Postsurgery outcome for HME may be not as good as
that for focal lesions or other hemispheric abnormalities.
Some authors report approximately 40% of patients being
seizure free for hemispheric surgeries due to HME and 38%
of patients no longer taking antiepileptic drugs, while
patients with Rasmussen Syndrome and vascular injury
may achieve 67 to 88% of seizure free®?#). Surgical
outcome in patients with others forms of focal cortical
dysplasia is variable and are between 50-70% of patients
seizure-free, results favorably than in HME®), This
suggests that, even in the context of complete hemisphere
disconnection, HME may represent a worst spectrum of
developmental abnormalities lesions.

The age at surgery and the integrity of the non-HME
hemisphere are important factors in prognosis®® and for
children with life-threatening catastrophic epilepsy a
reduction in seizure frequency may have great impact in
quality of life“9. One possible reason for surgical failure
may be an incomplete hemisphere disconnection or a



Terra-Bustamante VC, Machado HR, Sakamoto AC

greater extent of the lesion, with involvement of the
contralateral hemisphere®#?. Although seizure free
situation may not be observed, some authors suggest that
in patients with HME and catastrophic epilepsies, even if
the contralateral hemisphere is affected, surgery may be
done and the child may achieve an improvement of quality
of life¥. This is an important observation since the main
indication for surgery in these patients may be preventing
additional cognitive injury and developmental delay.
Surgical complications are observed in most of the
series of patients with HME submitted to hemispheric
surgery. Mortality is reported in the literature and the most
common cause is acute surgical complications that may
be related to excessive blood loss®2#49. Others acute
complications in hemispheric surgery are infarcts or
ischemia, epidural or subdural collections, bone or
ventricular infections, inappropriate antidiuretic hormone
syndrome, need of acute ventricular-peritoneal shunts,
fever with no identifiable source and worsening in motor
function. Late complications include hydrocephaly with
need of ventricular-peritoneal shunts although in our
submitted do
hemispherotomy this complication was not observed %,

personal observation in patients

The presence of pos-operative seizures has a
controversial implication and may suggest an incomplete
disconnection or epileptogenicity of the remaining
hemisphere. Koh et al.®? in a cohort of patients submitted
to hemispherectomy found that the occurrence of more
than five seizures in the acute post-operative days

correlated with poor seizure outcome.

CONCLUSIONS

HME is a complex disease with polymorphic
presentation. Epilepsy is one ofits worst symptoms and
seizure relief is essential to neurological development.
Multiple surgical techniques had been proposed and
hemispheric disconnection may represent an option with
less surgical complications with similar post-operative
seizure control. A case by case analysis should be done to
find out the best surgical option to be used in each patient
considering the lesion extension and the neurosurgeon
experience.
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