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Abstract
Objective To determine whether preoperative non-lateralizing scalp electroencephalography (EEG) influences seizure outcome
following peri-insular hemispherotomy (PIH) in pediatric hemispheric epilepsy.
Methods Retrospective data was collected on all 45 pediatric patients who underwent PIH between 2005 and 2016. All
underwent a basic pre-surgical evaluation consisting of detailed history and examination, neuropsychological assessment,
MRI, and EEG. SPECT/PET, fRMI, or Wada testing were done in only eight patients. Seizure outcome was assessed using
the Engel classification.
Results Among those who underwent hemispherotomy, 20 (44%) were females.Mean age at surgery was 8 ± 4.3 years and mean
duration of symptoms was 5.2 ± 3.7 years. The most common etiologies of hemispheric epilepsy were hemiconvulsion-
hemiplegia epilepsy syndrome, Rasmussen encephalitis, and post-encephalitic sequelae, together comprising 27 (60%) patients.
Among the 44 patients with follow-up data (mean duration 48 ± 33 months), seizure freedom (Engel class I) was attained by 41
(93.2%). Anti-epileptic medications were stopped or decreased in 36 (82%). Seventeen (38.6%) patients had non-lateralizing
EEG. Seizure outcome was not related to lateralization of EEG activity.
Conclusions PIH provides excellent long-term seizure control in patients despite the presence of non-lateralizing epileptiform
activity, although occurrence of acute postoperative seizures may be higher. Routine SPECT/PETmay not be required in patients
with a non-lateralizing EEG if there is good clinico-radiological concordance.
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Introduction

The hemispherotomy or functional hemispheric disconnec-
tion, first described by Rasmussen [1], is routinely used for
children with intractable epilepsy due to hemispheric pathol-
ogy. The different techniques of disconnection include the
peri-insular hemispherotomy (PIH) [2], the vertical
parasagittal hemispherotomy [3], and the trans-sylvian key-
hole hemispherotomy [4]. The selection process for
hemispherotomy in patients with hemispheric epilepsy needs

to be focused on identifying a uni-hemispheric epileptic syn-
drome. The evaluation consists of a detailed history and clin-
ical examination, high-resolutionmagnetic resonance imaging
(MRI) of the brain and multiple scalp electroencephalograms
(EEG), and video-EEG monitoring.

Non-lateralizing epileptiform (NLE) activity on preopera-
tive scalp EEG, i.e., bilateral independent spiking, generalized
discharges, and contralateral slowing, was believed to predict
poor seizure control in such patients [5] leading to the utiliza-
tion of interical/ictal single-photon emission computed to-
mography (SPECT) or positron emission tomography (PET)
for further evaluation before proceeding with surgery [6].
Current recommendations even include invasive EEG moni-
toring techniques in select patients [7]. However, data from a
few studies indicate that EEG findings are not always predic-
tive of seizure outcomes [8–10]. At our institute, we routinely
perform surgery despite the presence of NLE activity provided
there is a definite hemispheric MRI abnormality with good
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clinical correlation on preoperative evaluation. The aim of this
study was to determine whether NLE activity on preoperative
scalp EEG adversely affects seizure outcome.

Methods

Institutional Review Board approval was obtained for this
retrospective study (IRB Min No: 10820 [Retro] dated 23rd
August 2017). Electronic medical records of all patients who
underwent PIH between January 2005 and December 2016
were reviewed. Follow-up data was obtained in 44 out of 45
patients.

Selection criteria

(1) Seizures refractory to anti-epileptic drugs (AED).
(2) Hemiparesis with significant weakness of distal

musculature.
(3) Hemispheric pathology on MRI contralateral to

hemiparesis.

Presurgical evaluation

All patients underwent a detailed presurgical evaluation. This
included extensive history taking focusing on seizure semiol-
ogy and temporal evolution as well as analysis of home videos
provided by parents, neurological examination, neuropsycho-
logical assessment multiple EEGs (including at least one vid-
eo telemetry), and high-resolution MRI. Four patients were
subjected to either SPECTor PET. Two patients had function-
al MRI (fMRI), one underwent a Wada test and one had an
etomidate speech and memory test (eSAM). EEG spikes,
sharp waves, or seizures were considered as epileptiform ac-
tivity while focal or generalized slowing was excluded. [9] All
patients demonstrated epileptiform activity on EEG (multiple
EEGs were required in some). Epileptiform activity on preop-
erative EEGs was deemed either non-lateralizing (NLE) or
lateralizing (LE) based on the presence or absence of epilep-
tiform discharges in the contralateral hemisphere, respectively.
NLE activity was defined as ictal onset from the normal hemi-
sphere, independent inter-ictal discharges from the normal
hemisphere, or generalized or multifocal epileptiform activity.

Surgical technique

All 45 patients underwent PIH as described by Villemure et al.
[2]. The fundamental principle of this technique is to achieve
radical hemispheric tractotomy with minimal resection of
brain tissue.

Seizure and functional outcomes

Seizure outcome was documented at each follow-up using the
Engel classification [11]. Language function, motor power, and
overall functional status of the patients were also recorded.

Statistical analysis

Data was stored in an electronic database and statistical anal-
ysis was done using SPSS (version 16.0; SPSS, Chicago IL,
USA). Descriptive statistics were used for patient characteris-
tics and surgical details. Chi-square was used for categorical
variables and Student’s t test or non-parametric test (Mann-
Whitney) used for continuous variables as required.

Results

Demographic data

There were 20 females and 25 males in this series with a mean
age of 8 years (SD 4.3, range 10months to 17 years). Themean
duration of symptoms was 5.2 years (SD 3.2). There were 11
patients with Rasmussen encephalitis (RE), 10 with
hemiconvulsion-hemiplegia epilepsy syndrome (HHE), 6 with
post-encephalitic sequelae (PES), 6 with post-stroke sequelae
(PSS), 4 with hemimegalencephaly (HME), 3 with Sturge
Weber syndrome (SWS), 3 with non-hypertrophic hemispheric
cortical dysplasia (FCD), and 2 with post-traumatic sequelae
(PTS). For the purpose of analysis, these were grouped into
developmental (HME, FCD) and non-developmental (RE,
HHE, PES, PSS, SWS, PTS) etiologies. Thirty-seven patients
had a history of generalized seizures while 7 (15.9%) had pure-
ly focal motor seizures. Eighteen patients (40%) had more than
one seizure type. Patients were on an average of three antiepi-
leptic drugs (range 2 to 6). Seizure frequency ranged from 1 to
200 per day. Six patients were in epilepsia partialis continua at
admission and six had a history of status epilepticus.

Operative details and complications

Surgery was on the left side in 25 and on the right side in 20
patients. The operating time ranged from 3.5 to 8 h (mean 5.4,
SD 1.3). Blood loss ranged from 150 to 1000 ml and 33 (73%)
of patients required a blood transfusion. Postoperative hospital
stay ranged from 7 to 44 days with a mean of 15 days. Only four
(8.9%) patients had major postoperative complications—two
developed pyogenicmeningitis and two developed symptomatic
hydrocephalus requiring ventriculoperitoneal shunting (one of
these patients also needed a subduroperitoneal shunt). One pa-
tient died a year later due to a respiratory illness. Minor
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complications included aseptic meningitis in 14 (31.8%), uri-
nary tract infections in 3 (6.8%), and pseudomeningoceles in 3
(6.8%).

Seizure and functional outcomes

Forty-four patients had returned for long-term follow-up after
surgery (mean duration 48 months, SD 33.6). The patient who
was lost to follow-up had HME. Freedom from disabling sei-
zures (class I) was achieved in 41 (93.2%) patients. Seizure
recurrence occurred in three patients of whom two (4.5%) had
class II outcome and one (2.3%) had a class III outcome. The
patients who did not attain class I outcomes had RE, SWS, and
PTS. AED administration had been stopped in 6 (13.6%),
decreased in 30 (68.2%), and remained the same in 8
(18.2%) patients at last follow-up.

Functionally, there was improved motor power at
follow-up compared to the immediate postoperative period
in 23 (52.3%) patients and in 16 there was no change,
while in 5, this information could not be obtained from
the medical records. Twenty (45.4%) patients were able to
re-join school, two were being tutored at home, one had
completed college, and one was working. Fifteen (34%)

were still partially or completely dependent on caregivers.
A few illustrative examples of patient outcomes have been
depicted in Figs. 1, 2, and 3.

Comparison of patients based on preoperative EEG
activity

Among the 44 patients who were followed up, 17 (38.6%) had
NLE activity on preoperative scalp EEG. There were no sta-
tistically significant differences in patient characteristics be-
tween those who had LE and NLE activity (Table 1). Table 2
shows the patient age and pre-operative clinical details. Again,
there were no significant differences between those who had
LE and NLE activity. Among the 17 patients with NLE activ-
ity, only 4 had preoperative SPECT/PET done and none of
these patients had recurrence of seizures. Among the remain-
ing 13 patients with NLE activity, one had recurrence of sei-
zures (Engel class III). This was not statistically significant
(p = 1.0). Table 3 compares the seizure outcomes and require-
ment of AEDs at follow-up with preoperative EEG activity.
Although there was a trend towards more acute postoperative
seizures (seizures ≤ 1 week after surgery) in the NLE activity
group, statistical significance was not reached in this study.

Fig. 1 aMRI, b preoperative EEG, and c postoperative CT scan of a 10-
year-old boy with right-sided Rasmussen encephalitis. He presented with
recurrent episodes of left focal motor seizures with secondary generaliza-
tion since the age of 4 years. His preoperative sleep EEG showed loss of
normal sleep pattern in the right hemisphere with spike discharges (arrow)

localized to the right temporal region and was therefore classified as
lateralizing. Postoperatively, he became seizure free till last follow-up
21 months after surgery. He had also made significant functional gains
and was being home tutored

Childs Nerv Syst (2019) 35:1189–1195 1191



Discussion

Hemispheric disconnection

Hemispherotomy for drug-resistant hemispheric epilepsy,
once thought to be quite morbid and fraught with complica-
tions, has evolved tremendously over the last four decades
thanks to concerted global efforts. Essentially, the functional
hemispherotomy disconnects the seizure focus, preventing
electrical activity from spreading to the contralateral hemi-
sphere [1]. Complications have decreased due to less invasive
and more functional resections while good seizure, cognitive,
and functional outcomes have remained high [6, 12–17].
Reported seizure-free outcomes have ranged from 50 to 90%
[15, 17]. In a meta-analysis of 56 studies, it was found that the
pooled seizure free rate was 73% [18]. In our study, 93% of
patients were seizure free (Engel class I) at follow-up which is
one of the highest reported in literature. We attribute this pri-
marily to our focused presurgical evaluation and careful pa-
tient selection for PIH. However, the fact that the majority of
our patients had non-developmental etiologies causing their
epilepsy may have also contributed. While younger age of
seizure onset and developmental cortical malformations are
known to have a strong association with poor seizure-free
outcomes, multifocal epilepsy or non-lateralization has also
been reported to be associated with poorer seizure-free

outcomes. In the above-mentioned meta-analysis [18], lateral-
ization of inter-ictal and ictal EEG findings appeared to sig-
nificantly improve seizure outcome (inter-ictal: OR 1.66, 95%
CI 1.03–2.67, p = 0.04; ictal: OR 1.88, 95%CI 1.15–3.07, p =
0.01).

Non-lateralizing epileptiform activity

The finding of contralateral scalp EEG activity in the pres-
ence of uni-hemispheric structural disease is a recognized
phenomenon [9, 10]. Garzon et al. [8] postulated three hy-
potheses, possibly interdependent, to explain the paradoxi-
cal lateralization of ictal EEGs. The first was that interictal
epileptiform discharges generated in the diseased hemi-
sphere are unable to synchronize and develop into ictal
rhythms due to a lack of a critical mass of cortical and sub-
cortical connections. However, a rapid spread to the struc-
turally normal hemisphere occurs to produce a clinical sei-
zure and is detected on the contralateral scalp electrodes.
The second was that the increased distance in an atrophied
cerebral hemisphere between the epileptogenic zone and the
scalp electrodes could result in an asymmetric ictal pattern
with reduced amplitude ipsilateral to the lesion. Also, the
very high frequency low amplitude ictal rhythms that pre-
cede this pattern may not be captured by the sampling and
filter settings which are routinely employed. Lastly, the

Fig. 2 aMRI, b preoperative EEG, and c postoperative CT scan of a 10-
year-old girl with refractory left focal motor seizures for 9 years. The right
cerebral hemisphere is larger than the left, with polymicrogyria, sugges-
tive of hemimegalencephaly. Her EEG showed multifocalinterictal spike
discharges (arrows) in both cerebral hemispheres, right more than left.

Although her EEG was classified as non-lateralizing, there was good
clinico-radiological concordance. At 26-month follow-up after right
hemispherotomy, she was seizure free and was enrolled in the third grade
at school

1192 Childs Nerv Syst (2019) 35:1189–1195



spatial orientation of the ictal onset rhythms as dipoles, ei-
ther parallel to the surface or obliquely, in the mesial frontal
or mesial parieto-occipital head regions, could cause para-
doxical localization of epileptiform activity to the contralat-
eral hemisphere. Previous studies have concluded that scalp
EEG abnormalities in contralateral or bilateral hemispheres
do not, in isolation, predict poorer seizure outcome follow-
ing hemispherotomy [9, 10].

The results of our study reaffirm that NLE activity is
not associated with poorer seizure outcomes. Although
the incidence of acute postoperative seizures was higher
in the NLE group, this was not statistically significant.
Patient selection for surgery contributed greatly to the
good seizure and functional outcomes in our series. A
meticulous presurgical assessment of the patient begins
with basic or phase 1 evaluation including a detailed

Fig. 3 The preoperative aMRI and b EEG along with the postoperative c
CTscan and d EEG of a 7-year-old girl with right hemispheric dysplasia.
In children with long-standing hemispheric pathology resulting in paren-
chymal volume loss, epileptiform activity may not be picked up by the
ipsilateral leads causing the preoperative EEG to show only contralateral
abnormalities (arrows in b), as is noted in this patient. As a result, differ-
entiating between transmitted epileptiform activity from the diseased

hemisphere and independent inter-ictal discharges from the normal hemi-
sphere can often be difficult. However after surgery as seen in the post-
operative sleep EEG, there is normal background activity with sleep
spindles on the left side while from the right hemisphere, there are inter-
mittent sharp wave discharges in a background of slow waves (arrows in
d)

Table 1 Comparison of patients with lateralizing and non-lateralizing
EEGs (categorical variables)

Lateralizing
(n = 27)

Non-
lateralizing
(n = 17)

p
value

Gender Male
Female

14 (51.8%)
13 (48.2%)

11 (64.7%)
6 (35.3%)

0.40

Surgery
side

Right
Left

10 (37%)
17 (63%)

10 (58.8%)
7 (41.2%)

0.16

Etiology Developmental
Non-developmental

3 (11.1%)
24 (88.9%)

3 (17.6%)
14 (82.4%)

0.66

Seizure
type

Focal only
Generalized

6 (22.2%)
21 (77.8%)

1 (5.9%)
16 (94.1%)

0.22

Pre-op SE Yes
No

3 (11.1%)
24 (88.9%)

3 (17.6%)
14 (82.4%)

0.66

Pre-op EPC Yes
No

4 (14.8%)
23 (85.2%)

2 (11.8%)
15 (88.2%)

1.0

EPC epilepsia partialis continua, SE status epilepticus
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history and examination, neuropsychological evaluation,
MRI, and EEG(s). Traditionally, in the event of NLE, it
has been recommended to proceed with phase 2 investi-
gations such as interictal/ictal SPECT/PET or invasive
EEG using strip or subdural grid electrodes in select pa-
tients [7]. There is a growing trend to routinely employ
these additional investigations; however, it must be re-
membered that in developing countries including India,
resources are limited and the cost-benefit ratio of any
additional investigation must always be kept in mind.
Only four of our patients with NLE activity underwent
SPECT/PET. These were patients who had bilateral neu-
rological deficits, only contralateral epileptiform activity
on EEG, or contralateral MRI abnormalities in addition.
The remaining 40 patients had a well-defined uni-hemi-
spheric structural abnormality on MRI with good clinical
correlation and hence did not undergo any additional test-
ing. In fact, only 8 out of 44 patients required any form of
ancillary testing apart from MRI and scalp EEGs.

While other studies have clearly demonstrated the util-
ity of SPECT and PET in epilepsy surgery [19, 20], their
role in the pre-surgical evaluation of patients with hemi-
spheric epilepsy may be overestimated. Wada testing or
fMRI should be reserved for patients with left hemispher-
ic epilepsy who have relatively well-preserved language

function and are of suitable age to undergo the procedure.
Even among these patients, if the seizures are disabling
and/or progressively worsening, PIH will be indicated re-
gardless of the fMRI or Wada test findings. This leaves
only a small minority of patients in whom these investi-
gations are truly indicated.

Also, procedures like strip/subdural grid electrode place-
ment and Wada testing are invasive and not without risk [21,
22]. Out study therefore brings to the fore an important obser-
vation that NLE activity on scalp EEG does not mandate any
additional investigations, provided there is good clinico-
radiological concordance.

Good seizure control results in improvement in func-
tional status of patients following hemispherotomies [23].
Many children are able to attend school and become more
independent for their activities of daily living [24]. In our
study, 66% of patients had satisfactory functional out-
comes and most had improvement in motor power at fol-
low-up. Results, similar to ours, have been reported from
other centers in India [6, 16, 24]. Both short-term and
long-term gains in cognitive function following surgery
have been reported earlier from our institution. [24]
Quality of life scores in epilepsy (QOLIE) were similar
for vertical parasagittal hemispherotomy and PIH (80 and
87%) in a study by Panigrahi et al. [16].

Table 2 Comparison of patients with lateralizing and non-lateralizing EEGs (continuous variables)

Lateralizing
(n = 27)

Non-lateralizing
(n = 17)

p value

Median age in years (IQR) 9.0 (4.0, 12.0) 7.0 (4.0, 10.0) 0.4 *

Median duration of symptoms in years (IQR) 4.0 (2.0, 8.0) 4.0 (1.7, 8.0) 0.9 *

Median frequency of seizures per day (IQR) 4.0 (3.0, 12.0) 10.0 (3.5, 16.0) 0.3 *

Mean number of AED (SD) 3.02 (0.8) 3.11 (0.9) 0.7

*The p value from Mann-Whitney t test

AED anti-epileptic drugs, IQR inter-quartile range, SD standard deviation

Table 3 Outcomes after peri-insular hemispherotomy by preoperative EEG activity

Lateralizing
(n = 27)

Non-
lateralizing
(n = 17)

p value

APOS (≤ 1 week following surgery) Yes
No

1 (3.7%)
26 (96.3%)

4 (23.5%)
13 (76.5%)

0.07

Anti-epileptic drugs at follow-up Same
Decreased
Stopped

5 (18.5%)
19 (70.4%)
3 (11.1%)

3 (17.6%)
11 (64.8%)
3 (17.6%)

0.83

Seizure outcome Engel class I
Engel class II/III

25 (92.6%)
2 (7.4%)

16 (94.1%)
1 (5.9%)

1.0

APOS acute postoperative seizures
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Conclusions

PIH provides excellent long-term seizure control in patients
with drug-resistant hemispheric epilepsy despite the presence
of preoperative NLE activity, although occurrence of acute
postoperative seizures may be slightly higher. This study
shows that SPECT/PET, and other phase 2 tests likeWada test
and invasive EEG monitoring are not required in pediatric
patients with NLE activity, if there is strong clinico-
radiological correlation on phase 1 pre-surgical evaluation.
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