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ABSTRACT

Objective. Hemispheric surgery is an effective and cost-effective option for hemi-
spheric epilepsy. Data specifically focusing on very early infancy are scant. In our
study, we report the results of hemispheric surgery in children under three years
of age, along with clinical, neuroradiological and EEG features, from two Italian epi-
lepsy surgery centres.

Methods. After reviewing our epilepsy surgery databases (2008-2018), we identi-
fied 14 patients (seven males) submitted to hemispheric surgery, under three years
(range: 2-29 months), with a follow-up of at least 12 months.

Results. No deaths occurred, and surgical complications were observed in 3/17 pro-
cedures. At final follow-up visit (mean: 30.8 months; range: 12-90), 10/14 patients
(71.4%) achieved Engel Class | (eight Class 1A, one Class 1B, and one Class 1C).
Antiepileptic drugs were completely discontinued in three and reduced in eight,
thus a significant decrease in drug regimen after surgery was achieved in 11/14
patients (78.6%). Before surgery, severe developmental delay was present in 10
patients, moderate in two and mild in two. At the last follow-up visit, the degree of
developmental delay changed from severe to moderate in five patients, remained
unchanged in six cases (four severe and two moderate), and changed from mild to
moderate in two following surgery.

Significance. In many cases, hemispheric surgery in children under three years is
effective in achieving seizure freedom or reducing seizure frequency, with the pos-
sibility of simplifying complex drug regimens. Moreover, it appears to be a safe and
well tolerated procedure, leading to improvement in cognition and posture.

Key words: diffuse hemispheric epilepsy; hemispherotomy; hemispherectomy;
early childhood; seizure outcome

Catastrophic, diffuse hemispheric epi- Typically, affected children develop

lepsy (DHE) may occur in infancy and
early childhood as a consequence of
different congenital (hemispheric cor-
tical dysplasia, hemimegalencephaly,
polymicrogyria), acquired (encephalo-
malacia from remote aetiologies) and
progressive (Rasmussen encephalitis,
Sturge-Weber syndrome) pathologies.

drug-resistant seizures and an epileptic
encephalopathy with progressive devel-
opmental delay (DD). In these cases,
hemispheric surgery (either resective
or disconnective) has proved effective
in both controlling seizures and impro-
ving the patients’ cognitive develop-
ment [1-4]. Indeed, recent series of
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hemispheric surgery in children with DHE showed
that seizure freedom may be achieved in a high pro-
portion of cases, including those operated on in early
infancy [3, 5-8]. In addition, patients who underwent
surgery at younger ages showed larger increases in
developmental quotient (DQ) after surgery [3, 8-14].
Thus, early surgery has been recommended to pre-
vent the negative effects of high-frequency intracta-
ble seizures on the developing brain [15].
Nevertheless, in the past, hemispheric resections
(or “anatomic hemispherectomy”) were offered with
reluctance to very young children, owing to the high
rate of intraoperative complications and mortality, as
a consequence of the large volume of brain tissue that
has to be removed and massive intraoperative blood
losses in patients with a low body weight [16, 17].
Moreover, anatomical hemispherectomy is burdened
by a significant rate of postoperative complications,
including superficial hemosiderosis and hydroceph-
alus [18-20].

In order to significantly reduce the number of com-
plications associated with hemispheric surgery,
there has been a progressive shift from anatomical
hemispherectomy to disconnective surgical proce-
dures, which have provided functional results com-
parable to those of anatomical hemispherectomy
with a lower complication burden [18, 21]. The aim
of these techniques is to remove small amounts
of tissue while disconnecting the residual hem-
isphere. In 1983, Rasmussen described a discon-
nective technique, which was named “functional
hemispherectomy” [22]. This consisted of removal
of the temporal lobe and of a considerable amount
of the suprasylvian region, with disconnection of
the frontal and parieto-occipital remainders of the
hemisphere through an intraventricular commissu-
rotomy. In subsequent years, different procedures
of hemispheric deafferentation (“hemispherot-
omy”) were introduced, in which resection was lim-
ited and more brain was disconnected [23-27]. These
techniques, with slight or major modifications, are
currently the procedures of choice in most epilepsy
surgery centres, with excellent surgical, epileptolog-
ical and functional results. Furthermore, they have
significantly decreased the risks and complications
associated with hemispheric surgery, and are there-
fore recognized as the most appropriate strategy in
very young children [28].

Nowadays, there is a considerable body of evidence
on the outcome of hemispheric surgery in children.
However, although some surgical series of children
under three years of age have been reported, recent
data specifically on hemispheric surgery in this spe-
cific age group are scant [3, 16, 29-33].

In our study, we report the results of hemispheric
surgical procedures in children under three years of

age, along with their clinical features, from two Italian
epilepsy surgery centres.

Materials and methods

By retrospectively reviewing the clinical records and
the prospectively maintained databases of patients
who received surgery for refractory epilepsy during
the period 2008-2018 at two epilepsy surgery cen-
tres in Italy (IRCCS Istituto Giannina Gaslini, Genoa,
Italy and Niguarda Hospital, Milan, Italy), we selected
patients meeting the following criteria: hemispheric
surgery (either resective or disconnective) for DHE,
under three years of age at the time of surgery, and
postoperative follow-up of at least 12 months.

Presurgical evaluation

Collected data included complete personal and medical
history, family history of epilepsy, age at seizure onset,
type of seizures, epilepsy duration, comorbidities, esti-
mated seizure frequency, and evaluation of psychomo-
tor development considering physiological milestones
and neurological examination [34]. Given the retrospec-
tive nature of the study and the non-homogeneous
developmental tests performed before surgery, we con-
sidered DD as a delay in two or more developmental
areas, identified based on clinical and neurological eval-
uation (gross motor, fine motor, cognition, speech/lan-
guage, personal/social, or activities of daily living). Mild
DD was defined as a functional age of 66% of chrono-
logical age, moderate DD as a functional age of 34% to
66% of chronological age, and severe DD as a functional
age below 33% of chronological age [35, 36].

Current and previously administered antiepileptic
drugs were noted. Routine interictal electroenceph-
alogram (EEG) and ictal video-EEG recording were
acquired. In all patients, brain magnetic resonance
imaging (MRI) was performed under deep sedation
using an Achieva 1,5T or 3T magnet (Philips Health-
care; Best, The Netherlands). MRI phase-contrast
angiographic sequences, as well as X-ray digital sub-
tractive angiography, were also acquired to image vas-
cular brain anatomy.

The indication for surgery was discussed in a multi-
disciplinary consensus conference and based on the
presence of unilateral brain abnormalities as visual-
ized on MRI and lateralization of interictal and ictal
EEG abnormalities to one affected hemisphere, con-
sistent with clinical semiology and MRI findings. Nev-
ertheless, the propagation of interictal and/or ictal
EEG abnormalities to the contralateral hemisphere
was not a reason to exclude surgery [37].
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Surgery

Selection of the appropriate surgical technique was
made according to aetiology and on the basis of
anatomical, EEG and clinical findings. Anatomical
hemispherectomy (removal of the entire affected
hemisphere) [38] and functional hemispherectomy
(temporal lobectomy, resection of the rolandic-per-
irolandic region, disconnection of the residual
frontal and posterior residual tissue, according to
Rasmussen [22]) were mainly reserved for cases
with hemimegalencephaly and hemispheric cortical
dysplasia, while we opted for a lateral (or peri-in-
sular) hemispherotomy (hemispheric disconnec-
tion through a peri-insular approach, following
resection of infra- and supra-sylvian opercula, as
described by Villemure and Mascott [23]) in cases
with an atrophic hemisphere. Microsurgical pro-
cedures were performed using neuronavigation
(StealthStation® S7® System, Medtronic, Minneapo-
lis, Minnesota, USA).

Intraoperative blood loss was calculated using
Moore’s formula for estimating total blood volume
and Gross’ method for estimating blood loss [39].

All patients underwent brain computerized tomogra-
phy immediately after surgery to rule out periopera-
tive complications, and were monitored for 12 to 24
hours in the intensive care unit, until extubation and
recovery of normal hemodynamic parameters.
Histopathological analysis of surgical specimens was
performed for all patients, according to previously
released recommendations [40].

The study was approved by the local ethical com-
mittees, and patients’ parents or tutors gave their
informed consent for the diagnostic and therapeutic
procedures.

Postoperative evaluation

In the case of more than one surgery, we considered
the last surgery as the index procedure, but the first
surgical approach was reported as well. Both surgical
complications and the occurrence of acute post-oper-
ative seizures were recorded. Seizure outcomes were
classified according to Engel’s outcome classification
at the last available follow-up visit [41]. Patients were
re-evaluated by routine EEG, brain MRI and neurolog-
ical examination six months after surgery and then
yearly with clinical examination and routine EEG. Data
on evaluation of psychomotor development, con-
sidering physiological milestones and neurological
examination, were collected at the last available fol-
low-up visit. In families who accepted to complete a
developmental questionnaire, the Vineland Adaptive
Behaviour Scales were administered.

Hemispheric surgery in early childhood

Results

Fourteen patients (seven males and seven females)
who met the inclusion criteria were identified, repre-
senting 1.1% (14/1240) and 29.8% (14/47) of all patients
and patients under three years of age, respectively,
who received resective epilepsy surgery during the
study period (2008-2018) at the two participating
institutions.

Presurgical evaluation

Clinical, EEG and neuroradiological findings are sum-
marized in table 1. Mean age at seizure onset was 1.3
months (range: 0-7 months). Ten patients had seizures
within three days after birth. Mean age at surgery was
14.5 months (range: 2-29); 12 patients underwent sur-
gery <18 months and five before 12 months. Mean
time from epilepsy onset to surgery was 13.2 months
(range: 2-29). At the time of surgery, seizures occurred
daily in 11 cases, weekly in two and monthly in one.
Six patients experienced status epilepticus before
surgery (three of them underwent surgery during the
status; Patients 3, 6 and 7).

The preoperative neurological evaluation revealed
contralateral hemiparesis in 11 cases, asymmetric
quadriparesis in one (Patient 7) and hypotonia in
eight. Severe DD was present in 10 patients, moderate
in two cases and mild in two (table 7). None of the
patients could walk autonomously or with help and
only four could sit autonomously.

MRI findings were suggestive of large unilateral
hemispheric malformations of cortical development
in nine cases (hemimegaloencephaly in six cases),
post-haemorrhagic poroencephalic cysts in two, per-
inatal ischemic lesions in two and hemispheric atro-
phy in one. Seven patients showed atrophy of the
cerebral peduncle ipsilateral to the affected hemi-
sphere (including all those with perinatal damage or
hemispheric atrophy). Interictal EEG abnormalities
were confined to the affected hemisphere in 11 cases,
while involvement of the contralateral hemisphere
was shown in three cases. The ictal video-EEG showed
a discharge originating on the affected hemisphere
in all cases, with contralateral diffusion recorded in
seven subjects.

Surgery and postoperative course

Details on surgical procedures and postopera-
tive findings are reported in table 2. We performed
nine lateral peri-insular hemispherotomies, three
functional hemispherectomies and two anatomical
hemispherectomies.
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Three patients were operated on twice. Two did not
benefit from a previous posterior quadrant discon-
nection and received a functional hemispherectomy
(Patient 4) and a lateral peri-insular hemispherotomy
(Patient 5), respectively. In the remaining patient, an
anatomical hemispherectomy was carried out after
that a lateral peri-insular hemispherotomy failed to
control seizures (Patient 6).

Mean estimated blood loss volume (EBLV) was
2349 mL (range: 98-472.9 mL), representing a mean
29.9% of estimated total blood volume (ETBV) (range:
7-72%).

Regarding surgical complications, two patients pre-
sented with acute hydrocephalus, which cleared after
placement of a temporary external CSF (cerebrospinal
fluid) shunt in one and ventriculo-peritoneal shunt in
the other. One child (Patient 6) had a haemorrhagic
complication followed by infection after a first surgical
approach with lateral peri-insular hemispherotomy;
after ventriculo-peritoneal shunting for secondary
ventricle dilatation, a second approach with anatomi-
cal hemispherectomy was performed without compli-
cations.

Two patients suffered with acute post-operative sei-
zures (Patients 7 and 9), in one case associated with
diabetes insipidus which regressed after appropriate
medical treatment.

Histology disclosed type Il FCD in five cases (type Ilb
in three and lla in two), type la FCD in one, type llld in
two, and gliosis in two. In four subjects, findings were
compatible with hemimegalencephaly.

Mean post-operative follow-up was 30.8 months
(range: 12-90). At the final available assessment, 10
patients (71.4%) were classified as Engel Class | (eight
Class IA, one Class 1B, and one Class 1C). One patient
was classified as Engel Class IID, two as Class IlI,
and one as Class IV. Both patients who experienced
acute postoperative seizures had unsatisfactory sei-
zure control at the last follow-up visit (Engel Class Il
and 11D, respectively). Postoperatively, 11/14(78.9%)
patients benefited from discontinuation (three cases)
or reduction (eight cases) of antiepileptic drugs.

For one patient (Patient 8), we had no available data
concerning psychomotor development at follow-up.
At the last available psychomotor and neurological
evaluation, 13 patients presented with motor deficits
(hemiparesis in 12 and asymmetric quadriparesis in
one) on neurological examination. Eight of 10 patients,
who were able to sitautonomously, could walk (auton-
omously in five cases and with assistance in three).
In one patient (Patient 8), neurological and psych-
omotor evaluation was not possible as the patient
lived abroad, and only data on seizure outcome was
available. DD was present in all cases (severe in four
cases and moderate in nine cases). In five patients,
the degree of DD changed from severe to moderate

Hemispheric surgery in early childhood

after surgery, in six cases it remained unchanged (four
severe and two moderate), and in two changed from
mild to moderate following surgery.

The Vineland Adaptive Behaviour scale was adminis-
tered at the last follow-up visit in 9/13 patients. Total
1Q (intellectual quotient) scores resulted from low to
moderately low (range: 43-86). The lowest scores were
recorded on the motor skills subscale (range: 37-82)
and the highest scores on socialization and communi-
cation skills subscales (table 2).

Discussion

Our series confirms that hemispheric surgery offers a
significant opportunity to achieve seizure control and
improve psychomotor developmental outcome in
infants younger than three years, affected by severe/
catastrophic DHE [3, 16, 17, 29-33, 42]. Moreover, our
results confirm that this type of surgery, if performed
in paediatric epilepsy surgery centres with a solid
expertise in hemispheric procedures, can be carried
out with an excellent safety profile.

In this case series, the choice of surgical techniques
depended mainly on aetiology. Anatomical and func-
tional hemispherectomy were preferred in cases with
hemispheric dysplasia or hemimegalencephaly, as
tissue exuberance and anatomical abnormalities may
obscure landmarks that are essential to complete an
effective disconnection. Anatomical hemispherec-
tomy may be the ideal option after failure of discon-
nective techniques. A typical case is represented by
Patient 6, who presented with DHE, symptomatic of
left hemimegalencephaly, and was rendered sei-
zure-free by anatomical hemispherectomy after a
failed lateral peri-insular hemispherotomy. A lateral
peri-insular approach was always chosen in cases with
an atrophic hemisphere, which allows easier access to
the ventricular cavities.

Vertical parasagittal hemispherotomy (VPH) [27]
was not performed in any of our patients. It has
been reported that the disconnection length is
shorter and blood loss is lower with VPH compared
to lateral approaches, and that this might represent
an advantage in very young infants with low total
blood volume. Nevertheless, all three neurosur-
geons (MC, GLR, AC) who performed the surgical
procedures in our case series were trained in lateral
approaches, and we believe that one of the factors
that impacts surgical safety and effectiveness is the
choice of technique based on that best mastered by
the surgeon.

The vast majority of our patients presented with
highly frequent seizures (daily occurrence) and three
of them underwent surgery during status epilepticus.
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In all subjects, video-EEG recording documented
seizures originating from the anatomically abnormal
hemisphere with contralateral diffusion in half of
them, confirming that this latter aspect does not rep-
resent an exclusion criterion for surgery [37].

The predominant presurgical MRI findings were
hemimegalencephaly (six patients) and sequelae
of ischemic or haemorrhagic events (four patients).
Seven patients showed evident atrophy of the cere-
bral peduncle ipsilateral to the affected hemisphere;
this data was observed in all patients with perina-
tal damage or hemispheric atrophy (five patients).
The type of hemispheric surgery was tailored to the
individual case, on the basis of the anatomical-elec-
tro-clinical features and the type and degree of alter-
ation of the hemispheric anatomy, reserving the
most aggressive approaches (anatomical and func-
tional hemispherectomy) for those cases in which
the surgical anatomy was more subverted (as in some
hemispheric cortical malformations) and where,
consequently, it would have been more difficult to
recognize the anatomical landmarks to perform dis-
connective approaches. We performed an anatomi-
cal hemispherectomy in two cases (in one following
a previous lateral peri-insular hemispherotomy), a
functional hemispherectomy in three patients (in
one following previous temporo-parieto-occipital
disconnection), and a lateral peri-insular hemispher-
otomy in the remaining patients (in one following
previous temporo-parieto-occipital disconnection).
The reason for a second surgical approach was, in
all three re-operated cases, the persistence of severe
drug-resistant seizures.

No deaths occurred in our sample. Surgical compli-
cations were reported in three patients (21.4%), with
necessity of permanent ventriculo-peritoneal shuntin
two of them. This rate of complications is comparable
to what has been reported in other recent similar sur-
gical series [3, 7].

The most common aetiologies in our patients
were malformations of cortical development, in
line with previous studies on the same age group
3, 16, 29-33, 43].

After a mean post-operative follow-up of 30.8 months
(range: 12-90), we observed a total of 10/14 (71.4%)
patients in Engel Class |, with eight of these in Class
la. Moreover, a withdraw or reduction of the antiepi-
leptic regimen was obtained in 78.6% of our patients.
These positive results are in line with those reported
by studies conducted on similar populations showing
percentages of seizure-free subjects (Engel Class I)
ranging from 60% to 80% [3, 7, 16, 31, 44]. None of
the two patients with acute post-operative seizures
(Patient 7 and 9; one in the context of diabetes insip-
idus), resulted seizure-free at the end of follow-up,
confirming that post-operative seizures appear to be

a negative prognostic indicator for the success of this
kind of surgery [45, 46].

Previous studies have reported significant worse
outcome in patients with a developmental pathol-
ogy with respect to those with an acquired pathology
[27, 47, 48]. However, other studies did not reveal any
correlation between seizure outcome and etiology
[49]. The relative small size of our series does not
allow for a definitive evaluation of this aspect, how-
ever, our data do not suggest different outcomes
related to aetiology.

Catastrophic and drug-resistant epilepsy can man-
ifest from very early infancy, often leading to a
life-threatening condition with dramatic effects
on cognitive and behavioural development [50]. In
DHE, the severity of motor and cognitive impair-
ment can be the consequence of both structural
brain alteration and epileptic activity itself. All of
our patients showed DD before surgery that was
severe in 10, moderate in two and mild in two
patients. At the last follow-up visit, an amelioration
from severe to moderate DD was observed in 5/13
(38.5%) patients; no information was available con-
cerning psychomotor development in one patient
during follow-up. Before surgery, 11 patients had
clear hemiparesis and one presented with asym-
metric quadriparesis; only four were able to sitinde-
pendently and none were able to walk, even when
helped. During follow-up, all the evaluated patients
had motor deficits disclosed by neurological exam-
ination, including the two cases with no previous
hemiparesis. However, we observed a progressive
improvement in motor deficit over months. Indeed,
eight patients could walk (autonomously in five
cases and with assistance in three). On the other
hand, it is important to point out that these patients
still had an intellectual deficit based on post-oper-
ative evaluation, with a total IQ score from low to
moderately low and higher scores in socialization
and communication skills subscales with respect to
motor skill subscales.

In conclusion, our results confirm that early hem-
ispheric surgical procedures in children younger
than three years, affected by severe/catastrophic
epilepsy related to DHE, are sufficiently safe, with
positive effects not only on seizures but also on
developmental outcome and motor autonomy,
highlighting specific features of brain plasticity in
infants. W

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF

(1) When is hemispheric surgery considered an option for the treatment of epilepsy during early childhood?

(2) Which surgical techniques are recommended for hemispheric surgery during early childhood?

(3) Is surgery effective for diffuse hemispheric epilepsy when performed during early childhood?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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