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Objective is to discuss the indications, technical details, risks, complications, results and prognosis of hemispherectomy in the treatment
of seizures based on critical literature review and the authors experience.

Materials and methods. It was performed bibliographical consultation from 1920 to 2016, using as keywords “seizures”, “epilepsy”,
“hemispherectomy”, in the databases MEDLINE, LILACS, SciELO, PubMed, utilizing language as selection criteria, choosing preferably
recent articles in Portuguese, Spanish or English and only articles based in humans studies.

Results. The functional hemispherectomy showed improvent in the quality of life of patients that has the indication to perform this procedure
because it allows reducing the frequency of seizures, whether tonic or atonic, tonic-clonic. Furthermore, it has been associated to a low rates
of postoperative complications, like superficial hemosiderosis, ependymitis and obstructive hydrocephalus that often it has been showed
in anatomical hemispherectomy.

Conclusion. The functional hemispherectomy has been showed a significant impovement in the outcome for those with seizures arising when
indicated to selected cases. However, we concluded that there is no important study comparing the functional hemispherectomy approaches
with results adjusted for different causative pathologies, what would be for future necessary for an important source of data about this topic.
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Pezyavmamot. DyHKYUOHANLHAS 2eMUCHePIKMOMUSL NPOOEMOHCIPUPOBAAA YAYHUEHUE KAYeCMBA JCUZHU U CHUNCEHUEe YaACMOMbl NPUCHY -
1068 — MOHUYECKUX, AMOHUYECKUX UAU MOHUKO-KAOHUHMECKUX — Y NAUUeHMO08 ¢ hapmakope3ucmeHmHuoiMu popmamu snusencuu. Kpome
moeo, hyHKUUOHAAbHAS ceMUuciepIKmMOoMUs, NO CPDABHEHUIO C AHAMOMUHECKOLl, N0380A5eM CHU3UMb YPOBEHb NOCACONEPAUUOHHBIX 0CA0IC-
HeHUll, MaKux Kax N0BepXHOCMHbII 2emMocu0epo3, INeHOUMUM U OKKAIO3UOHHAsS cuopoyedanus.

Boieodwt. Ilpumenenue gyHKyuoHarvHoll eemucepIKmomuu 8 0MoeabHbIX CAYHAAX N0360A5em YAYHUUMb COCIOAHUE NAUUEHMO8,
cmpadarowux gapmaxopezucmenmusimu popmamu snusencuu. OOHaKo Mol NPUWAYU K 8bIG0JY, UMO HE CYUecmeyem KaKko2o-aubo
3HAYUMO020 UCCAe008aHUs, 8 KOMOPOM CDABHUBANUCH Obl pe3yabmambl YYHKYUOHAALHOU ceMUCHepIKMOMUU 8 3A8UCUMOCMU OM Na-
monoeuil, cmasuiux NOKA3aHUeM K ee blNOAHEHUI0, U KOmopoe 6 6ydyujem Moxicem cmamo alCHbIM UCMOYHUKOM OAHHbIX NO 3MOl

meme.
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BACKGROUND

The epileptic patients represents 1 % of the population
and it has being considered the fourth leading cause of neu-
rological condition, stressing that it is intractable to current
antiepileptic drug treatment in 20—25 % [1]. Such that, it
has been showed an increase in the number of papers about
the neurosurgical approaches in patients affected by medi-
cally intractable seizures [1, 2].

Hemispherectomy is a palliative surgical approach that
aims to control potentially harmful seizures, for instance,
atonic or drop seizures, preventing the spread of epileptic
electrical activity [1-5].

Although the hemispherectomy was presented to epi-
lepsy surgery in 1938 by Mckenzie [6], the first consistent
description about this procedure it happened in 1950
by R.A. Krynauw [7]. R.A. Krynauw [7] described the use
of hemispherectomy to remove the brain hemisphere with
hemiplegic infantile in 12 children, such that it showed bet-
ter control rates of seizures and recovery rates of cognitive
function considered significant by the standards of the time.
However, although there are benefits to the patients in this
procedure, the anatomical hemispherectomy showed high
rates of late complications associated to important rates
of morbidity and mortality that culminated in its disuse
of this procedure [1-3, 8, 9].

Based in the initial results in the control of seizures and
high rates of late complications in patients underwent
to hemispherectomy, it has been showed in the literature
the adaptation of techniques and indications of hemispher-
ectomy that it has been culminating in the reduction of risks
and complications rates related to this technique. So that,
the anatomical hemispherectomy (first description of the
technique hemispherectomy) based in removal of epilepto-
genic hemisphere evolved to many techniques of functional
hemispherectomy, whose it is based in the disconnection
between the epileptogenic hemisphere and contralateral
hemisphere and deep brain structures without creating
a cavit [1-3, 9—17].

Tradicionally, regarding the surgical techniques
in the functional hemispherectomy, it was represented

by the hemispherotomy [10], and the approaches described
by J.G. Villemure and coauthors [16, 18, 19], O. Delalande
[10] and J. Schramm [20, 21].

This article is devoted to discuss and clarify the main
indications, techniques, risks and complications related
to this procedure based in the literature at moment and
authors experience.

CASUISTRY AND METHODS

It was performed bibliographical consultation from
1920 to 2016, using as keywords “seizures”, “epilepsy”,
“hemispherectomy”, in the databases MEDLINE, LILACS,
SciELO, PubMed, utilizing language as selection criteria,
choosing preferably recent articles in Portuguese, Spanish
or English and only articles based in humans studies.
Stressing that, the references were reviewed aiming
the selection of relevant papers to be included in this critical
review.

SELECTION OF PATIENTS

The adequate selection of the patients implies directly
in the success of the hemispherectomy, once different
factors have to be considered aiming avoid the misdiagnosis,
like the intractability of the patient’s epilepsy, the type and
localization of seizures, the etiology of the seizures, the age
at the surgery, the age of the patient, the radiological and
neurological findings [11, 22—25].

Regarding the epileptogenic evaluation for surgery
in this patients, it should involve interictal electroence-
phalogram (iEEG), interictal SPECT, magnetic resonance
imaging (MRI) analysis, and age-appropriate neuropsy-
chological/developmental assessment. Furthermore, the in-
tracranial EEG may be imperative in localization of the
correct focus of seizure, indicating a complementar surgery
after a hemispherectomy [1-3, 18, 25—27]. Functional
MRI and EEG may be useful and should be included
actually in the protocols of seizure foci investigation [27].

Concluding, at the moment, the patients has being
indicated to underwent to hemispherectomy procedure
based in the presence of theses main criterias:
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— patients with medical intractability of seizures [3—5, 11,
28];

— patient with the remaining hemisphere should be
normal to have a good result following seizures. Spread
of epileptiform discharges to the normal hemisphere on
EEG or even rare independent discharges on the nor-
mal side however does not imply a poor response to sur-
gery [3, 28, 29];

— patient with the hemisphere contralateral to the hemi-
plegic should be demonstrated by radiological and
functional imaging to have a diffuse abnormality [3, 25,
28—31].

Regarding the controversial and relative criterias in the
literature, it has been described the presence of indication
to hemispherectomy in this cases:

— patients with contralateral hemiplegic is a relative cri-
teria, once if hemispherectomy is done prior to maximal
hemiplegia, the digital dexterity and foot tapping may
be lost, but the patient will be able to walk and use
proximal muscles of the upper limb. So that, although
this loss of function may have to be accepted as the cost
of control of debilitating seizures and cognitive decline,
in other cases the hemispherectomy may be done when
the distal power of upper and lower limbs become
completely lost [3, 11, 28];

— neurodevelopment retardation is usually present due
to the interference of frequent seizures on the develo-
ping normal hemisphere. So that, this would therefore
be a relative prerequisite for hemispherectomy [3, 28,
29, 32, 33].

Regarding to the indications of hemispherectomy
in childhood, it is necessary to evaluate a few considerations:

— it is important to consider the presence of a significant
recovery after the procedure due to the high potential
of neuronal plasticity in pediatric patients [26, 34, 35];

— it is necessary to be considered the noxious effects
of frequent uncontrolled seizures and the high doses
of antiepileptic medications on the developing brain
[11, 34, 36];

— it is necessary to be considered the social implications
of a debilitating disease and the lost time at schooling
due to the disease [26];

— the pediatric age group, mainly below 9 years of age,
except for post infarct sequel presented better results
in cognitive and motor postoperative [26, 34—37];

— it is necessary to be considered the morbidity of a major
surgery at a young age and the possibility of increased
neurological deficits in some cases needs to be well
appreciated and weighed against the substantial gains
offered by surgery towards seizure relief and long-term
functional outcome [11, 26, 34, 36].

Tradicionally, this procedure is indicated to severe
unilateral hemispheric disturb like trauma cranioence-
phalics, Sturge—Weber syndrome, Rasmussen syndrome,
vascular insults hemispherical and hemimegalencephaly
[15, 22,23, 25, 31]. Howeyver, it is still a discussion question
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if the presence of bilateral abnormalities in the preoperative
epileptogenic evaluation is really associated to worse result
postoperative in the hemispherectomy [22—25, 31, 38—42].
Such that, it should be also noted papers that suggest
the hemispherectomy surgery may be offered at times as
a purely palliative procedure for severe cases with bilateral
seizure onset when one side predominates [29, 32, 33, 38,
43]. Furthermore, it is also offered in cases where there
is bilateral disease with the hope that antiepileptiform
medication can control the contralateral hemisphere
seizures [29, 32, 33, 38, 43].

HEMISPHERECTOMY TECHNIQUES

Anatomical Hemispherectomy. The first step is open
the Sylvian fissure with care to avoid any catastrophic inju-
res to the contralateral vessels [44, 45]. After opening the
access through the Sylvian fissure, it is necessary to identify,
dissect, clip and divide from lateral to the lenticulostriate
branches of the basal ganglia of ipsilateral middle cerebral
artery [7, 44—46]. Similarly, it is necessary to divide from
proximal to the origin of the calloso-marginal artery of the
ipsilateral anterior cerebral artery [2, 7, 44, 45].

After this, in the second step, a cottonoid is placed
in the foramen of Monro to protect the underlying choroid
plexus and prevent the blood and debris entering the ventri-
cular system for what the callosotomy by interhemispheric
aprroach is performed. So that, for the implementation
of the callosotomy can be used the microdissection,
coagulation, and aspiration techniques from the genu ante-
riorly to the splenium posteriorly [2, 7, 44, 45].

In the trhird step, lastly, the fronto-basal white matter
is divided through the anterior part of the lateral ventricle.
So that, the temporal stem is dissected, while the posterior
communicating arteries are clipped and divided at its P3
segment [44]. Stressing that the amygdala and the hippo-
campus are removed employing sub-pial dissection with
special care on the preservation of the oculomotor nerve
[2, 7, 44, 45]. About the exposed choroid plexus, it may be
coagulated or left untouched, according to the surgeon’s
preference, while the ipsilateral basal nuclei and thalamus
may be left in situ for better motor outcome [2, 21, 44, 45].

Functional Hemispherectomy (Rasmussen’s Modifica-
tion). In this modification, the temporal lobe is removed
with two cortical incisions, one on the superior temporal
gyrus, running in parallel to the Sylvian fissure, and a second
one placed on the dorsal temporal lobe, down to the tem-
poral base, perpendicular to the first one and localized
8 cm from the temporal lobe pole [44] The hippocampus,
the parahippocampal gyrus, the medial part of the uncus,
and the lateral part of amygdala are removed with the
ultrasonic aspirator after opening the temporal pole,
stressing that the ipsilateral third cranial nerve should be
protected.

The next step involves to provide the access into the ip-
silateral lateral ventricle through the resection of the
suprasylvian cortex by two parallel incisions perpendicular
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to the Sylvian fissure [15, 17, 45, 47]. So that, this step ends
with transection of the corona radiata [44].

The next step is the completion of the transventricular
parasagittal callosotomy, after to removal this cortical block
[44]. The pericallosal artery constitutes the medial border
of the resection, while working at the knee of the corpus
callosum. The remaining anterior and posterior callosal
fiber tracts are disconnected from the ependymal surface
toward the cingulate gyrus [15, 44, 45, 47].

Lastly, the resection of the anterior and posterior con-
cections of the frontal lobe and parieto-occiptal lobes
is necessary [15, 44]. Such that, the anterior cerebral artery,
the superior circular sulcus and the M1 segment of the
middle cerebral artery are the borders for the transection
of the corona radiata. The posterior disconnection takes
place after fully opening the Sylvian fissure and promptly
elevating the parietal opercula [45, 47].

Stressing as the final of this procedure, the disconnec-
tion line extends from the posterior part of the lateral
ventricle opening, to the trigone of the temporal pole cavity
[44, 45, 47].

Transsylvian Functional Hemispherotomy (Schramm’s
Modification). Regarding the skin incision, it is curved from
anterior to the tragus up to the superior frontal area incision
and the temporalis fascia is opened in the same way [2, 11,
44]. The bone flap, whose dimensions is 4 x 5 cm, is placed
just above the Sylvian fissure with the usage of neuro-
navigation. The inferior and anterior borders are formed
by the temporal operculum and the limen insulae,
respectively. The anterior border is 5 cm anteriorly, and
the pulvinar’s projection represents the posterior border
[11, 44, 48].

After this step, the Sylvian fissure is widely opened
to expose the circular sulcus and insula, as well as all bran-
ches of the middle cerebral artery are identified and
properly exposed and skeletonized [48]. In order to perform
an unco-amygdalo-hippocampectomy, the temporal horn
is opened from the inferior circular sulcus [11, 48].

Such that, the next step involves the transection of the
long fibers of the corona radiata, as a consequence of the
opening of the ipsilateral lateral ventricle in its entire length.
So that, the insular cortex is visible and may be resected
with segurancy [44].

Finally, it is perfomed the mesial disconnection, whose
procedure involves disconnection of the fronto-basal white
matter fibers followed by disconnection of the corpus
callosum, and concerns disconnection of the occipital and
parietal white matter fibers [11, 44, 48].

Lateral Periinsular Hemispherotomy (Villemure’s Modi-
fication). The Villemure’s description of hemispherectomy
is a lateral disconnection procedure of the fronto-parieto-
temporal opercular cortices [11, 16, 43, 44]. A barn-door
skin incision is made, centered on the insula, with a bone
window from the coronal suture, to 3—4 cm posterior to the
external auditory canal [11, 16]. The inferior part should be
just above the middle fossa, and ideally should go high
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enough, to the mid-convexity, to provide access to the sup-
rasylvian circular sulcus. Adequate exposure would provide
access to the brain 2.0—2.5 cm below and above the Sylvian
fissure. The dura mater is reflected either caudally or rost-
rally [11, 16, 44, 49].

This technique is divided into three steps: the supra-
insular, the infra-insular, and the insular phase. The subpial
resection technique is employed during all the phases of this
procedure [11, 16, 44].

First in the supra-insular phase, the resection of the
frontal and parietal opercula is carried out, leaving the un-
derlying insular cortex completely exposed [11, 18, 44, 49].
Transection of the corona radiata is performed while ope-
ning the lateral ventricle from the frontal horn to the trigone.
All tissue entering the callosum from the medial wall
is transected, in order to perform a transventricular para-
sagittal callosotomy [11, 18]. The orientation and localiza-
tion is confirmed with the falx, the pericallosal vessels and
the cingulum [11, 18, 44]. At the level of the splenium, the
extension of the medial incision anteriorly to reach
the choroidal fissure will interrupt the fimbria-fornix and
disconnect the hippocampus [18, 44, 49]. The last step
of this stage consists of disconnecting the frontal lobe just
anterior to the basal ganglia, going from the rostrum
in the direction of the sphenoid wing, while staying
in the frontal horn [11, 16]. During the infra-insular phase
a temporal lobotomy is performed (resection of the tem-
poral operculum, transection of the temporal stem, uncus,
and removal of the amygdala and the anterior hippocampus)
[18, 44]. At this stage, if the resection is maximal, the optic
tract is visible [18, 49]. Finally, during the insular phase
the insula can be resected by subpial aspiration or un-
dermined with an incision at the level of the claustrum/
external capsule [11, 16, 18].

Vertical Parasagittal Hemispherotomy (Delalande’s Mo-
dification). The first step to initiate this approach is per-
form a linear transverse incision, whose opening allow a small
parasagittal frontoparietal craniotomy with 3 x 5 cm locali-
zed 1—2 cm from midline and 1/3 anterior and 2/3 posterior
to the coronal suture [11, 44, 50].

After the skin incision, it is necessary reach the epen-
dyma of the lateral ventricle through a limited cortical
resection in the frontal cortex, whose dimensions are 3 x 2 cm
[11, 44, 50]. Upon entering the lateral ventricle, the surgeon
identifies the foramen of Monro and the posterior aspect
of the thalamus, while the corpus callosum is found by
following the roof of the lateral ventricle mesially [11, 44, 50].
So that, the body and splenium are resected to the roof
of the third ventricle and the arachnoid cisterns are exposed
[11]. Posterior disconnection of the hippocampus is achie-
ved by cutting the posterior column of the fornix at the level
of the ventricular trigone [11, 50]. The vertical incision
is performed lateral to the thalamus, guided by the choroid
plexus of the temporal horn, then following the temporal
horn from the trigone to most anterior part of ventricle,
keeping the incision in the white matter [11, 44, 50].
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The callosotomy is then completed by resecting the genu
and the rostrum of the corpus callosum to the anterior
commissure [44, 50]. The next step is the resection of the
posterior part of the gyrus rectus, which will allow
the visualization of the anterior cerebral artery and optic
nerve and provide enough space for the last disconnection
step — a straight incision anterolaterally through the caudate
nucleus from the rectus gyrus to the anterior temporal horn
[11, 44].

OTHERS TECHNIQUES

AND COMBINED APPROACHES

Regarding to anothers variations of hemispherectomy,
it has been described the hemispheric deafferentation [13,
51], the transopercular hemispherotomy [11], the cerebral
hemicorticectomy [42] or the transcortical subinsular
hemispherotomy [13, 51].

The choose of the surgical combined hemispherectomy
approaches depending on the kind of technique the neuro-
surgeon prefer, pre-operative electrographic, neuropsycho-
logical, image evaluation the functional hemispherectomy
may associated with procedures like anatomical hemispher-
ectomy [52], callosotomy, hippocampectomy, amygdalo-
hippocampectomy, anterior and posterior commissurotomy
and others [1-3, 34, 36, 53, 54].

Regarding the role of endoscopic procedures for
epilepsy surgery, it has been sowed a growing of essays about
this matter, although the different disconnection techniques
by endoscopic approaches are initial and controversial [3],
once in our opinion it not possible to infer that a specific
technique of hemispherectomy has less morbidity or better
outcome if results are not adjusted for different causative
pathologies.

Lastly, with regards the anatomic variation and the dif-
ficult to find the landmarks of hemispherectomy in some
patients, some centers use neuronavigation as a solution for
this situation once the use of neuronavigation implies in the
reduction in size of the craniotomy. An example is the
advantageous usage of a neuronavigator in hemimegal-
encephaly cases, where the anatomical distortion could be
easily misleading [45].

DISCUSSION AND RESULTS

IN EPILEPSY SURGERY

Although lasting complications rates of hemispherec-
tomy are very variable on this type of epilepsy surgery, the
presence of contralateral homonymous hemianopsia,
hemiparesis, postoperative akinetic state, hemiparesis,
apathy or aggression, buccal apraxia manifesting as drooling
of saliva, memory deficits, persistence of seizures, hemo-
siderosis, hidrocephalus, cerebralspinal fluid leaks, intracra-
nial postoperative hematomas, osteomielitis, ependymitis,
trivial head traumas, infection, hypothermia, “aseptic me-
ningitis”, neurological deficits and hemiparesis are risks
to be considered during the surgical act [1-3, 5, 23, 25, 26,
32-37].
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Regarding to the reason for hemispherectomy failure,
it should be highlighted that it is not always apparent for an
individual case [32]. So that, among the reasons persistence
of the seizures in outpatients follow-up of hemispherectomy
surgery include: (1) misdiagnosis implying in the unre-
cognized seizures emanating from the contralateral hemi-
sphere; (2) the progression of disease implying in the de-
velopment of a new seizure focus in the contralateral
hemisphere; or (3) technical error implying in the failure
to adequately disconnect or resection the entire hemisphere
[29, 32, 38, 43].

Regarding to the intraoperative risk of bleeding, it has
been showed a comparation of the bleeding rates among
the different diseases [22, 52]. So that, it was showed a sig-
nificant bigger in blood loss intraoperative in patients affec-
ted by hemimegalencephaly when compared to another
diseases [22, 52]. Furthermore, the acumulus of clots
in the third ventricule and in lateral ventricule may be
observed in many cases of anatomical hemispherectomy [1].
Stressing that the late complications are related to residual
cavity surgery which was in contact to the wall of lateral
ventricle through the foramen of Monro causing recurrent
bleeding that results in hemosiderosis, ependymitis of wall
ventricle and consequently cerebrospinal fluid flow obstruct
associated to cranial nerves disturb [1—3].

Regarding to the risk of meningitis, it still remains as
a controversial question. Such that, while there are authors
that suggesting the presence of low-grade fever can be seen
as well as other symptoms of “aseptic meningitis” such as
lethargy, decrease in appetite, and irritability after the pro-
cedure; there are others authors defend the idea that in these
cases of aseptic meningitis there are only a lack of isolated
pathogen once there is no definitive test that demonstrates
the absence of infectious agents [1, 11, 23].

S. de Ribaupierre et al. [11], in 2004, described the re-
sults of quality of life in a case series of patients underwent
to this procedure, whose results showed that 84 % of the
children were able to walk either alone or with help, and all
children who were able to walk before surgery retained the
ability to walk. Moreover, this essay concluded that the
hemiparesis is generally more important in the upper than
in the lower extremities. Nevertheless, in spite of the
significant results of this procedure with regards the quality
of life of this patients, until thirty per cent of the patients
will develop recurrence of the seizures and others symptoms
depending of the etiology [8, 55]; like a case series with
pediatric patients described in 2005 showed bigger distal
extremity motor loss in patients with perinatal strokes
compared to other epilepsy etiologies, irrespective of time
of epilepsy onset or surgery [56].

Regarding the comparation between the functional and
anatomical approach, the literature has been observed a low
rate of mortality associated an anatomical and functional
hemispherectomy surgery, ranging from 2to 7 % [1, 4, 5,
8, 22, 23, 32, 33, 44, 48, 54] and ranging from 0 to 4 %
[1-3, 15-21, 25, 54, 56, 57], respectively. So that, the most
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frequent of all the complications in the anatomical hemi-
spherectomy surgery is the hydrocephalus, was observed
in a rate from 9 to 81 % [11, 29, 32, 33, 58—61] against the
incidence rate of functional hemispherectomy compli-
cations that ranging from 0 to 16 % [1-3, 14—19, 5254,
57].

Regarding to the treatment of refractory epilepsy, the
comparison between the anatomical and functional hemi-
spherectomy showed comparable result in control of the
seizures for anatomical hemispherectomy (85 % control
of hemispheric seizures rate for resection procedure against
82 % for disconnection procedures) [1, 3, 11, 17], however
with higher rate of permanent complications that functional
hemispherectomy (raging from 2 to 33 % against 0—16 %)
[1, 3, 11, 29, 32, 33]. Stressing that, higher than 80 %
of patients have been presented seizure-free since hospital
discharge while another 11.5 % have had at least 80 %
reduction in their seizure frequency, as well as the majority
of patients have shown an improvement in their intellectual
capacity and sociability [1, 17, 58].

In 2004, it was published a review about many types
of procedures for epilepsy that concludes that temporal re-
section is an efficient and scientifically validated treatment
of drug-resistant temporal lobe epilepsy [62]. So that, the
extra-temporal resections, hemispherotomy, and palliative
surgery often allow cure of epilepsy, or a decrease of seizure
frequency. Regarding to control of the seizures, it showed
that in spite of the anatomical hemispherectomy is a pro-
cedure that presents a high rates of seizure control, it is
associated to an increased mortality and morbidity by late
complications.

In 2001, J. Schramm et al. [21] described the results
of the keyhole transsylvian hemispherectomy approach
in a case series (# = 20), whose the mean follow-up period
was 46 months. In spite of it showed a mortality, temporal
cyst and infection rates of 5 % (n = 1) each, it showed that
88 % of patients were in Engel Outcome Class I, 6 %
in Class III, and 6 % in Class IV. Regarding to the technique
approach, the operation time was significantly shorter
(average of 3.6 h) than with the Rasmussen technique
(average of 6.3 h) and 25 % shorter than with the trans-
cortical perisylvian technique (average of 4.9 h). Further-
more, the proportion of patients requiring blood replace-
ments was lower (15 versus 58 %), as was the mean amount
of transfused blood.

In 2006, J.G. Villemure & R.T. Daniel [16] described
the results of the periinsular hemispherectomy approach
in a case series (n = 43), whose the mean follow-up period
was 9 years. It showed a mortality, hydrocephalus and
hemorrage ratesof 2 % (n=1),2 % (n=1)and 5 % (n=13),
respectively. Regarding to control of seizures, it showed that
90 % of patients were in Engel Outcome Class I, but when
compared the etiology this essay described that patients
affected by Rasmussen syndrome, vascular diseases and
hemimegalencephaly presented 90 %, 93 % and 80 %
of patients with Engel Class I, respectively. However,
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the authors did not differentiate between cortical dysplasia
and hemimegalencepaly in their analyses in these series.

In 2000, a paper published by J. Kestle et al. [57]
described the results of the periinsular hemispherectomy
approach in a case series (n = 11), whose the mean follow-
up period, age at surgery and seizure onset to surgery was
3 years, 4.8 years and 4.3 years, respectively. It showed 0 %
(n = 0) of incidence rates of complications like hemo-
siderosis, deaths, hidrocephalus and ependymitis related
to the surgery. So that, it showed useful hand function
preserved in 91 % (n = 10) associated to behavior difficult
in 27 % (n = 3) and developmental delay in 63.7 % (n = 7).
About the diagnosis, this essay was constituted by Rasmussen
syndrome (n=1;9 %), Sturge—Weber syndrome (n=1;9 %);
cortical dysplasia (n = 5; 45 %), hemimegalencephaly (n = 2;
18 %), porencephaly (n =1;9 %) and pachygyria (n=1;9 %).

A.M. Devlin et al. [52], in 2003, described the results
of the functional associated to anatomical hemispherectomy
approach in a case series (7 = 33), whose the mean follow-
up period and age at surgery was 3.4 years and 4.25 years,
respectively. It showed 9 % (n = 3) of incidence rates
of hidrocephalus associated to difficulty with expressive lan-
guage in 18,2 % (n = 6), improved the hemiparesis in (n = 5),
improved the behavior disturbs in (# = 17) and deteriorate
the visual field in (» = 13) related to the surgery. Regarding
to control of seizures, 52 % (n = 18) were seizure free, 9 %
(n=2) experienced rare seizures, 30 % (n = 10) showed >75 %
reduction in seizures and 9 % (n = 2) showed <75 % seizure
reduction or no improvement. However, when compared
the etiology this essay described that patients affected by
Rasmussen syndrome, vascular diseases and hemimegal-
encephaly presented 40 %, 100 % and 27 % of patients with
Engel Class I, respectively. It should be noted that the
authors did not differentiate between cortical dysplasia and
HME in their analyses in these series, and they did not
differentiate between Rasmussen syndrome and Sturge—
Weber syndrome in their analysis.

S.W. Cook et al. [58], in 2004, showed in a case series
of comparation of anatomical hemispherectomy, functional
hemispherectomy, and hemispherotomy. So that, it showed
no significant differences between the 3 groups once 71 %
of patients overall being seizure free at 2 years after surgery.
However, there was a slightly better outcome in the hemi-
spherotomy group (83 %) compared with the functional
(73 %) and anatomical (59 %) hemispherectomy groups.

CONCLUSIONS

We concluded, based in the literature and authors
experience, that hemispherectomy is an efficient procedure
regarding to the control of the seizures and it was associated
a low rates of complications when indicated to selected
cases. Furthermore, although the success rate has been
presented as not proportional to the extent of neural tissue
resection [1—4, 11, 17], the morbidity and complication rates
has been presented as proportional to the extent of neural
tissue resection.
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Lastly, although there are many essays devoted to des-
cribe the results of techniques individually, we concluded
that there is no important study comparing the functional
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hemispherectomy approaches with results adjusted for
different causative pathologies, what would be for future
necessary for an important source of data about this topic.

NUTEPATYPA / REFERENCES

1

12.

62

. Almeida A.N., Marino-Junior R. Fatores

de morbidade peroperatéria relacionados
a diferentes técnicas de hemisferectomia:
analise de 30 pacientes. 2005. Tese
(doutorado em ciéncias da saude) —
Faculdade de Medicina de Sao Paulo.

. Almeida A.N., Marino R. Jr, Aguiar PH.,

Teixeira M.J. Hemispherectomy: a schema-
tic review of the current techniques.

Neurosurgical Review 2006;29(2):97—102.

DOI: 10.1007/510143-005-0011-7.

. Almeida A.N., Marino R. Jr, Marie S.K.

et al. Factors of morbidity
in hemispherectomies: Surgical technique
x pathology. Brain Dev 2006;28:215—22.

. Costa J.C., Portela E.J. Tratamento

Cirargico das Epilepsias na Crianga.
J Epilepsy Clin Neurophysiol 2006;
12(suppl 1):32—43.

. Fonseca L.F,, Melo R.P., Cukiert A. et al.

Hemisferectomia funcional precoce na
hemimegalencefalia associada a epilepsia
refrataria. Arq Neuropsiquiatr
2004;62(4):1063—7.

. Mckenzie K.C. The present status

of a patient who had the right cerebral
hemisphere removed. JAMA
1938;111:168—83.

. Krynauw R.A. Infantile hemiplegia trated

by removing one cerebral hemisphere. J Neu-
rol Neurosurg Psychiatry 1950;13:243—67.

. Bailet L.L., Turk W.R. The impact

of childhood epilepsy on neurocognitive
and behavioral performance: a prospective
longitudinal study. Epilepsia
2000;41(4):426—31. PMID: 10756408.

. Peacock W.J., Wehby-Grant M.C.,

Shields W.D. et al. Hemispherectomy for
intractable seizures in children: a report
of 58 cases. Childs Nerv Syst 1996;
12(7):376—84. PMID: 8869773.

. Delalande O., Pinard J.M., Basdevant C.

et al. Hemispherotomy: a new procedure
for central disconnection. Epilepsia
1992;33(Suppl 3):99—100.

. De Ribaupierre S., Delalande O.

Hemispherotomy and other disconnective
techniques. Neurosurgical focus
2008;25(3):E14. DOI: 10.3171/
FOC/2008/25/9/E14.

PMID: 18759615.

Delalande O., Bulteau C., Dellatolas G.
et al. Vertical parasagittal hemisphero-
tomy: surgical procedures and clinical
long-term outcomes in a population of 83
children. Neurosurgery 2007;60(2 Suppl 1):
ONS19-32. DOI: 10.1227/

13.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

01.NEU.0000249246.48299.12.
PMID: 17297362.

Shimizu H., Maehara T. Modification
of periinsular hemispherotomy and
surgical results. Neurosurgery
2000;47:367—73.

. Shimizu H. Our experience with pediatric

epilepsy surgery focusing on corpus
callosotomy and hemispherotomy.
Epilepsia 2005;46(Suppl 1):30—1.
Villemure J.G. Anatomical to functional
hemispherectomy from Krynauw

to Rasmussen. Epilepsy Res Suppl
1992;5:209—15. PMID: 1418452.
Villemure J.G., Daniel R.T. Periinsular
hemispherotomy in paediatric epilepsy.
Childs Nerv Syst 2006;22:967—81.
Villemure J.G., Rasmussen T. Functional
hemispherectomy in children.
Neuropediatrics 1993;24(1):53-5.

DOI: 10.1055/5-2008-1071514.

PMID: 8474613.

Villemure J.G., Mascott C.R. Peri-insular
hemispherotomy: surgical principles and
anatomy. Neurosurgery 1995;37(5):975—81.
PMID: 8559348.

Villemure J.G., Meagher-Villemure K.,
Montes J. L. et al. Disconnective
hemispherectomy for hemispheric
dysplasia. Epileptic Disord 2003;

5(Suppl 2):S125—-30. PMID: 14617431.
Schramm J., Behrens E.,

Entzian W. Hemispherical deafferentation:
an alternative to functional hemispher-
ectomy. Neurosurgery 1995;36(3):509—15.
PMID: 7753351.

. Schramm J., Kral T.,

Clusmann H. Transsylvian keyhole
functional hemispherectomy.
Neurosurgery 2001;49(4):891-900.
PMID: 11564251.

Jonas R., Nguyen S., Hu B. et al. Cerebral
hemispherectomy: hospital course,
seizure, developmental, language, and
motor outcomes. Neurology
2004;62(10):1712—21. PMID: 15159467.
Kossoff E.H., Vining E.P., Pillas D.J.

et al. Hemispherectomy for intractable
unihemispheric epilepsy etiology vs
outcome. Neurology 2003;61(7):887—90.
PMID: 14557554.

Limbrick D.D., Narayan P., Powers A.K.
et al. Hemispherotomy: efficacy and
analysis of seizure recurrence. J Neurosurg
Pediatr 2009;4(4):323—32.

DOI: 10.3171/2009.5.PEDS0942.

PMID: 19795963.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

Moosa A.N., Gupta A., Jehi L. et al.
Longitudinal seizure outcome and
prognostic predictors after hemi-
spherectomy in 170 children.

Neurology 2013;80(3):253—60.

DOI: 10.1212/WNL.0b013e31827dead9.
PMID: 23223541.

Chandra P.S., Tripathi M. Epilepsy
surgery: Recommendations for India. Ann
Indian Acad Neurol 2010;13:87—93.
Moeller E, Tyvaert L., Nguyen D.K. et al.
EEG-fMRI: adding to standard
evaluations of patients with nonlesional
frontal lobe epilepsy. Neurology
2009;73(23):2023—-30.

DOI: 10.1212/WNL.0b013e3181c55d17.
Daniel R.T., Villemure J.G.
Hemispherotomy techniques. J Neurosurg
2003;98(2):438-9.

Lew S.M., Koop J.I., Mueller W.M. et al.
Fifty consecutive hemispherectomies:
outcomes, evolution of technique,
complications, and lessons learned.
Neurosurgery 2014;74:182—94.

Cats E.A., Kho K.H., Van Nieuwenhui-
zen O. et al. Seizure freedom after
functional hemispherectomy and

a possible role for the insular cortex:

the Dutch experience. J Neurosurg
2007;107(4 Suppl): 275—80.

. Obeid M., Wyllie E., Rahi A.C.,

Mikati M.A. Approach to pediatric
epilepsy surgery: State of the art, Part I:
General principles and presurgical
workup. Eur J Paediatr Neurol
2009;13(2):102—14. DOI: 10.1016/
j-ejpn.2008.05.007. PMID: 18692417.
Lew S.M. Hemispherectomy

in the treatment of seizures: a review.
Transl Pediatr 2014;3(3):208—17.

DOI: 10.3978 /j.issn.2224-4336.
2014.04.01.

Lew S.M., Matthews A.E., Hartman A.L.,
Haranhalli N.; Post-Hemispherectomy
Hydrocephalus Workgroup.
Posthemispherectomy hydrocephalus:
results of a comprehensive,
multiinstitutional review. Epilepsia
2013;54:383-9.

Chandra S.P., Kurwale N.S., Chibber S.S.
et al. Endoscopic-assisted (through a mini
craniotomy) corpus callosotomy combined
with anterior, hippocampal, and posterior
commissurotomy in Lennox-Gastaut
syndrome: a pilot study to establish its
safety and efficacy. Neurosurgery
2016;78(5):743—1.



0630p numepamypel

35. Chandra P.S., Tripathi M. Endoscopic
epilepsy surgery: emergence of a new
procedure. Neurol India
2015;63(4):571-82.

DOI: 10.4103/0028-3886.162056.

36. Chandra P.S., Kurwale N.S., Garg A.
et al. Endoscopy-assisted interhemispheric
transcallosal hemispherotomy:
Preliminary description of a novel
technique. Neurosurgery 2015;76:485—94.

37. Chandra P.S., Padma V.M., Shailesh G.
et al. Hemispherotomy for intractable
epilepsy. Neurol India 2008;56:127—32.

38. Ciliberto M. A., Limbrick D., Powers A.
et al. Palliative hemispherotomy
in children with bilateral seizure onset.

J Neurosurg Pediatr 2012;9(4):381—8.
DOI: 10.3171/2011.12.PEDS11334.
PMID: 22462702.
39. Greiner H.M., Park Y.D., Holland K.
et al. Scalp EEG does not predict
hemispherectomy outcome. Seizure
2011;20(10):758—63. DOI: 10.1016/
j.seizure.2011.07.006. PMID: 21813300.
40. Salamon N., Andres M., Chute D.J. et al.
Contralateral hemimicrencephaly and
clinical-pathological correlations
in children with hemimegalencephaly.
Brain 2006;129(Pt 2):352—65.
DOI: 10.1093/brain/awh681.
PMID: 16291806.

. Terra-Bustamante V.C., Inuzuka L.M.,
Fernandes R.M. et al. Outcome
of hemispheric surgeries for refractory
epilepsy in pediatric patients. Childs Nerv
Syst 2007;23(3):321—6.
DOI: 10.1007/s00381-006-0212-6.
PMID: 17089170.

42. Wyllie E., Lachhwani D.K., Gupta A.
et al. Successful surgery for epilepsy due
to early brain lesions despite generalized
EEG findings. Neurology
2007;69(4):389—97. DOI: 10.1212/
01.wnl.0000266386.55715.3f.

PMID: 17646632.

43. Lupashko S., Malik S., Donahue D. et al.
Palliative functional hemispherectomy for
treatment of refractory status epilepticus

4

—

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Russian Journal of Neurosurgery ‘ HEHPOXUPYPTUA

associated with Alpers’ disease. Childs
Nerv Syst 2011;27:1321-3.

Brotis A.G. Hemispherectomy:
Indications, Surgical Techniques,
Complications, and Outcome. J Neurol
Neurophysiol 2015;6:300.

DOI: 10.4172/2155-9562.1000300.
Fountas K.N., Smith J.R., Robinson J.S.
et al. Anatomical hemispherectomy.
Childs Nerv Syst 2006;22:982—91.
Dandy W.E. Removal of right cerebral
hemisphere for certain tumors with
hemiplegia. JAMA 1923;90:823-5.
Rasmussen T. Hemispherectomy for
seizures revisited. Can J Neurol Sci
1983;10:71-8.

Binder D.K., Schramm J. Transsylvian
functional hemispherectomy. Childs Nerv
Syst 2006;22:960—6.

Martinez FE.D., Vargas V.R.S., Sgarbi N.
et al. Bases anatomicas de la
hemisferotomia periinsular. Rev Med
Uruguay 2004;20:208—14.

De Ribaupierre S., Villemure J.G.,
Chalaron M. et al. Contralateral frontal
and cerebellar haemorrhages after peri-
insular hemispherotomy. Acta Neurochir
(Wien) 2004;146:743—4.

Vining E.P,, Freeman J.M., Pillas D.J.

et al. Why would you remove half a brain?
The outcome of 58 children after
hemispherectomy — the Johns Hopkins
experience: 1968 to 1996. Pediatrics
1997;100:163—71.

Devlin A.M., Cross J.H., Harkness W.

et al. Clinical outcomes of hemi-
spherectomy for epilepsy in childhood and
adolescence. Brain 2003;126:556—66.
Bahuleyan B., Manjila S., Robinson S.,
Cohen A.R. Minimally invasive
endoscopic transventricular
hemispherotomy for medically intractable
epilepsy: A new approach and cadaveric
demonstration. J Neurosurg Pediatr
2010;6:536—40.

Carmant L., Kramer U., Riviello J.J. et al.
EEG prior to hemispherectomy:
correlation with outcome and pathology.

Conflict of interest. The authors declare no conflict of interest.

Kond kT uaTEpecoB. ABTOPHI 3asIBIISTIOT 00 OTCYTCTBUU KOH(MIMKTa MHTEPECOB.

Financing. The study was performed without external funding.
®unancupoBanue. VcciaemoBaHue poBeaecHO 0€3 CITOHCOPCKOM TTOMIEPKKHA.

Cratbs nocrynuaa: 01.12.2016. Ipunsra K myosmkaman: 15.01.2018.
Article received: 01.12.2016. Accepted for publication: 15.01.2018.

55.

56.

57.

58.

59.

60.

61.

62.

63.

TOM 20 Volume 20

Electroencephalogr Clin Neurophysiol
1995;94:265—70.

Griessenauer C.J., Salam S., Hendrix P.
et al. Hemispherectomy for treatment
of refractory epilepsy in the pediatric age
group: a systematic review. J] Neurosurg
Pediatr 2015;15(1):34—44.

DOI: 10.3171/2014.10.PEDS14155.
PMID: 25380174.

Bode S., Firestine A., Mathern G.W.,
Dobkin B. Residual motor control and
cortical representations of function
following hemispherectomy: effects

of etiology. J Child Neurol
2005;20:64—75.

Kestle J., Connolly M., Cochrane D.
Pediatric peri-insular hemispherotomy.
Pediatr Neurosurg 2000;32:44—7.

Cook S.W,, Nguyen S.T., Hun B. et al.
Cerebral hemispherectomy in pediatric
patients with epilepsy: comparison of three
techniques by pathological substrate

in 115 patients. J Neurosurg 2004;
100(2 Suppl):125—41.

Di Rocco C., Iannelli A. Hemimega-
lencephaly and intractable epilepsy:
complications of hemispherectomy and
their correlations with the surgical
technique. A report on 15 cases. Pediatr
Neurosurg 2000;33:198—207.
Gonzalez-Martinez J.A., Gupta A.,
Kotagal P. et al. Hemispherectomy for
catastrophic epilepsy in infants. Epilepsia
2005;46:1518-25.

Kwan A., Ng W.H., Otsubo H. et al.
Hemispherectomy for the control

of intractable epilepsy in childhood:
comparison of 2 surgical techniques

in a single institution. Neurosurgery
2010;67:429—36.

Guénot M. Surgical treatment

of epilepsy: outcome of various surgical
procedures in adults and children.

Rev Neurol (Paris) 2004;160

(Spec No 1):55241-50.

Winston K.R., Welch K., Adler J.R.,
Erba G. Cerebral hemicorticectomy for
epilepsy. J Neurosurg 1992;77:889—95.

63



