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Object: To explore the post-hemispherotomy seizure outcome and its prognostic

predictors in children with refractory epilepsy.

Methods: We reviewed 83 consecutive child patients with refractory epilepsy who

underwent a hemispherectomy from June 2014 to January 2017 at our Pediatric

Epilepsy Center. Demographic, clinical, EEG, neuroimaging, and surgical data were

collected. Seizure outcome data were collected via outpatient clinics as well as telephone

visits and were graded according to Engel criteria. Logistic regression model and Cox

proportional hazard regression model were, respectively, applied to explore the related

factors predicting the seizure outcomes of children after a hemispherotomy.

Results: Of the 83 patients, 55 (63.2%) were male. The mean seizure onset age

was 1.9 years (0–8.7 years), and the mean surgery age was 5 years (0.8–14 years).

At a mean follow-up of 3 years, 69 children (83.1%) were seizure free, and 14

(16.9%) exhibited seizure recurrence. In a univariate analysis, whether or not considering

follow-up time, a non-lateralized interictal EEG pattern, bilateral PET abnormalities

and acute postoperative seizures (APOS) could all predict poor seizure outcomes

post-hemispherotomy. Bilateral PET abnormalities were independently correlated with

unfavorable seizure outcomes in the multivariate Logistic regression analysis (Odds

ratio(OR) = 13.05, 95%CI = 1.52–112.29, P = 0.019) and in the multivariate Cox

proportional hazard analysis(OR = 13.99, 95%CI = 2.75–71.17, P = 0.001).

Conclusions: Child epileptic patients with bilateral PET abnormalities may have

poor seizure outcomes after a hemispherotomy procedure. This study will facilitate

better candidate selection for hemispherotomies and early identification of unfavorable

seizure outcomes.

Keywords: children, refractory epilepsy, hemispherotomy, seizure outcome, predictor

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2019.00880
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2019.00880&domain=pdf&date_stamp=2019-08-14
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:cailx1010@hotmail.com
mailto:jiangyw@263.net
https://doi.org/10.3389/fneur.2019.00880
https://www.frontiersin.org/articles/10.3389/fneur.2019.00880/full
http://loop.frontiersin.org/people/724243/overview
http://loop.frontiersin.org/people/768475/overview
http://loop.frontiersin.org/people/750108/overview
http://loop.frontiersin.org/people/573782/overview


Ji et al. Seizure Outcomes and Prognostic Predictors

INTRODUCTION

Hemispherectomy is an effective surgical approach for medically
intractable epilepsy in children with multilobar or hemispheric
epileptogenic lesions, such as encephalomalacia, Rasmussen
encephalitis, and malformation of cortical development (1,
2). In published large-sample studies, the rate of seizure
remission after hemispherectomy varies from 65 to 80% (3–
7).Many researchers attempted to identify prognostic predictors
for postoperative seizure outcomes. However, inconsistent
predictors have been reported in different studies. Predictors
such as the etiology of epilepsy (6), contralateral MRI findings
(4, 8), electroencephalography (EEG) findings (7), and surgical
techniques (9) have been primarily discussed. However, other
potential factors that may affect seizure outcomes including
seizure semiology (7) and acute postoperative seizures (APOS)
(7) received little attention. The goals of our study were to
investigate seizure outcomes in a cohort of Chinese children who
underwent peri-insular hemispherotomies, and to explore the
potential predictors of the seizure outcomes.

METHODS

Patients
We retrospectively reviewed the data of a cohort of consecutive
children who underwent peri-insular hemispherotomies for
medically refractory epilepsy in the Pediatric Epilepsy Center of
Peking University First Hospital between June 2014 and January
2017. Eighty-three children who were followed up at least 2
years after surgery were enrolled. This study was approved by
the institutional review board of Ethic Committee in Peking
University First Hospital and a written informed consent was
given by all the participants.

Etiology
The etiology of epilepsy was classified as three types according
to neuroimaging and histopathology results: (1) developmental
form (hemimegalencephaly or other malformations of cortical
development), (2) acquired form (stable and non-progressive
encephalomalacia, such as ischaemic strokes, prior intracerebral
hemorrhage, asymmetric hypoxic ischaemic injury, prior head
trauma, and so on), and (3) progressive form (Rasmussen
encephalitis and Sturge Weber Syndrome).

Basic Characteristics
Demographics, age of seizure onset, age of surgery, course of
epilepsy, seizure frequency, and the number of preoperative
antiepileptic medicine were recorded. The developmental status
before seizure onset was dichotomous as normal or delayed.
Seizure frequency was determined according to parental and
EEG reports.

Preoperative EEG and Semiology
Interictal/ictal scalp EEGs were recorded using a video-
EEG(vEEG) monitoring system (Nihon Kohden; Japan); the
electrodes were arranged according to the international 10–20
system. The duration of vEEG monitoring ranged from 1 to 7

days, and at least three habitual seizures were recorded for each
patient. We attempted to document every seizure type if the
patient had more than one type of seizure. Seizure types were
classified by two epileptologists according to the vEEG findings.

Interictal and ictal vEEG recordings were categorized as
follows: (1) Normal (no interictal abnormalities), (2) Ipsilateral
(interictal and ictal EEG abnormalities ipsilateral to the lesion
side), (3) Non-lateral (contralateral abnormalities or bilateral
abnormalities). Contralateral abnormalities referred to slow
background, epileptiform discharges and independent ictal
onsets. Bilateral abnormalities referred to interictal discharges
of nearly equal frequency over bi-hemisphere non-lateralizing
ictal onsets.

Preoperative Neuroimaging
All patients (n = 83) underwent 3T high-resolution brain MRI
(Philips Achieva, Dutch) dedicated to seizure focus identification.
Subtle contralateral abnormalities such as small single white
matter lesions, myelination anomalies or isolated areas of subtle
T2 hyperintensity without ventricular dilatation, tissue loss,
and cortical/subcortical involvement were not further analyzed.
Fifty-one patients underwent an interictal FDG-PET (Philips
Gemini GXL, Dutch) scan. MRI and FDG-PET results were
categorized as follows: (1) unilateral (multilobar structural or
metabolic abnormalities limited to one hemisphere) and (2)
bilateral (structural or metabolic abnormalities observed on the
contralateral hemisphere).

Peri-Insular Hemispherotomy Surgery
All resections were performed by the same chief neurosurgeon
(Lx Cai) using the peri-insular hemispherotomy technique. The
surgical side, postoperative complications, and the presence of
APOS were recorded. APOS were defined as seizures within 7
days after surgery confirmed by vEEG.

Follow-Up
The protocol for postoperative follow-up in our epilepsy center
refers to visits at 3 and 6 months followed by yearly visits after
the operations, while more frequent follow-up visits are required
for patients with recurrent seizures. Postoperative seizure status
was assessed using a structured questionnaire and was confirmed
against medical records via telephone and outpatient visits. The
late remission was defined as seizure-recurrence after surgery, but
absence of any seizures for at least more than 2 year at last follow-
up. Seizure outcomes were described according to the Engel
criteria (10), and the postoperative number of antiepileptic drugs
was documented from the last medical records during follow-up.

Statistical Analysis
Categorical variables were summarized as counts and percentages
of the total number of patients in each category. Continuous
variables were expressed as the means with standard deviations
or medians with ranges. Regardless of follow-up time, the
initial comparisons between the seizure-free subgroup with
seizure-recurrence subgroup were performed univariably using
the Wilcoxon rank sum, χ

2 or Fisher’s exact tests. Variables
with a significance level above 10% in the initial univariate
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analysis were then tested in a multivariate Logistic regression
model. In consideration of follow-up time, Kaplan-Meier
survival analysis was performed to reveal the probability of
seizure-free status in the overall group and to explore the
univariably potential predictor of surgical outcome; then, a
multivariate Cox proportional hazards regression model was
applied with consideration of each significant risk factor.
Statistical significance was evaluated using the log-rank test and
comparison of the 95% confidence intervals (CIs) in Kaplan-
Meier survival analysis. P-values < 0.05 indicated statistical
significance, and P-values > 5% but <10% were reported to
reflect trends. All statistical analyses were performed using SPSS
20.0 (IBM, USA).

RESULTS

Clinical Features
Demographics
Our cohort consisted of 55 male and 28 female children. The
mean age of seizure onset was 1.9 years (standard deviation [SD]
2.2, range 0.0–8.7), the mean duration of epileptic course prior to
surgery was 3.1 years (SD 2.6, range 0.2–13.8), and the mean age
of surgery was 5.0 years (SD 3.4, range 0.8–14.0).

Etiology
A total of 23 patients (27.7%) had developmental forms
of epilepsy, while 44 (53%) and 16 (19.3%) patients had
acquired forms and progressive forms of epilepsy, respectively.
In developmental etiology subgroup, hemimegalencephaly and
polymicrogyria were, respectively, found in 6 of 23 patients
(26.1%), focal cortical dysplasia in 21.7% (5/23), pachygyria
in 17.4% (4/23), and heterotopias were found in 2 patients.
Rasmussen encephalitis were in 12 of 16 patients (75%), Sturge
Weber syndrome in 18.8% (3/16), and Parry Romberg syndrome
was diagnosed in one patient.

Semiology
Eighty-two patients (98.8%) experienced partial seizures and 12
(14.5%) showed generalized seizures which may be not genuine
generalized seizures. A total of 48.2% (40/83) of the patients
exhibited epileptic spasms. Eighteen (21.7%) patients had current
or previous status epilepticus, and 13.3% (11/83) of the patients
had epilepsia partialis continua (EPC).

Preoperative EEG Findings
Ipsilateral abnormalities confirmed by interictal EEG were
identified in 49 patients (59.0%). The remaining 34 (41.0%)
patients showed bilateral interictal epileptic discharges or
a contralateral anomaly. Four patients (4.8%) demonstrated
electrical status epilepticus during sleep (ESES). On ictal EEG
77.1% (64/83) of the patients presented ipsilateral onset and the
other 19 (22.9%) patients had an independent contralateral ictal
EEG onset or bilateral ictal EEG onset.

Neuroimaging Findings
Significant contralateral MRI abnormalities were identified in
19 child participants (22.9%). White matter abnormalities were
found in 16 of 19 patients (84.2%), lateral ventriculomegaly in

36.8% (7/19), and encephalomalacia was seen in 31.6% (6/19).
Minor abnormal gyrus morphology and cortex signal was,
respectively, noted in one patient (5.3%). Preoperative PET-CT
were performed in 51 (61.4%) patients, 15.7% (8/51) of whom
showed bilateral abnormalities.

Peri-Insular Hemispherotomy Surgery
Of 83 procedures, 46 were left-sided and 37 were right-sided. One
patient experienced focal cortical resection prior to peri-insular
hemispherotomy surgery due to intracerebral hemorrhage. In our
cohort, no perioperative mortality was observed and APOS were
noted in 7 patients (8.4%).

Surgical Outcomes
The mean follow-up period was 3.0 years (SD0.8, median 2.9
years). Twenty-one children (25.3%) were followed up for more
than 4 years; 28 (33.7%) had a follow-up period between 3 and 4
years; and 34 (40.9%) were followed up for 2 to 3 years. At the last
visit of follow-up (n= 83), 69 children (83.1%) were seizure-free
after surgery (Engel class I) and 14 (16.9%) patients experienced
seizure recurrence, including one with late remission, one with
Engel class II, four with Engel class III, and five with Engel class
IV outcomes. The seizure-free rate was 84.3% (70/83) upon the
last follow-up.

According to Kaplan-Meier survival curves (Figure 1), the
estimated seizure-free rates were 91.8% (±3.3%) at 2 year, 75.3%
(±7.4%) at 3 years, and 61.2% (±11.1%) at 4 years after surgery,
respectively. However, the actual seizure-free rates were 86.1%
(71/83) at 2 years, 82.0% (40/49) at 3 years, and 83.3% (17/21)
at 4 years and beyond.

Univariate Analysis (Table 1)
To explore the predictors, the patients were divided into 2
groups: seizure-free group and non-seizure-free group. Ignoring
the impact of variables such as follow-up duration on the whole
model, a non-lateralized interictal EEG pattern (P = 0.006),
bilateral PET abnormalities (P = 0.001), and APOS (P = 0.01)
were statistically correlated with seizure recurrence after surgery
(P-values all <0.05) in univariate analysis.

Taking follow-up duration into consideration, a non-
lateralized interictal EEG pattern (P = 0.038), bilateral PET
abnormalities (P < 0.001), and APOS (P = 0.003) were also
correlated with postoperative seizure recurrence using Log-Rank
test in Kaplan Meier analysis.

Multivariate Analysis
Applying multivariate Logistic regression analysis
(Supplemental Table 1), bilateral PET abnormalities were
independently correlated with non-seizure-free status (P =

0.019, odds ratio(OR)= 13.05, 95%CI = 1.52–112.29).
By means of multivariate Cox proportional hazard analysis

(Supplemental Table 2), bilateral PET abnormalities tended to
independently predict poor prognosis of surgery (P= 0.001), and
the patients with bilateral PET abnormalities were nearly 14 times
more likely to undergo a failed peri-insular hemispherotomy (OR
= 13.99, 95%CI = 2.75–71.17, P = 0.001).
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FIGURE 1 | Survival curves for the entire cohort and for the subgroups in Cox proportional hazard regression model: Kaplan-Meier survival curves estimating

seizure-free rates at various postoperative time intervals in the entire cohort (A). Kaplan-Meier survival analysis of the potential predictor bilateral PET abnormalities (B).

DISCUSSION

In this study, we investigated the postoperative outcomes of 83
eligible patients with refractory epilepsy, hemisphere resection
and postoperative follow-ups of at least 2 years. Among them,
the seizure-free rates were 86.1% at 2 years, 82.0% at 3 years and
83.3% at 4 years and beyond. The mean duration of the follow-
up was 3.0 years (2–4.5 years), with 83.1% (69/83) of the patients
achieving seizure-free status. The seizure-free rates were similar
to previously reported rates ranging from 63 to 80% in 5 large
series (n = 84–170) (3–7). One longitudinal seizure outcome
study showed that long-term outcomes change minimally over
2 to 11 years after surgery (3), which may be attributable to
the selection criteria and the definition of a good prognosis
for epilepsy surgery. Our study found that the seizure-free rate
following hemispherical surgery decreased rapidly within 2 years
(−3.1%) and decreased slightly over 2 years (−2.7%). However,
the short follow-up duration was a limitation of this study and
should be extended in further studies.

In this study, both of univariate and multivariate analyses
methods were applied to explore the predictive factors of
seizure outcomes. In the univariate analysis, a non-ipsilateralized
interictal EEG pattern, bilateral PET abnormalities, and APOS
appeared to potentially predict seizure recurrence after surgery (P
< 0.05). In the multivariate analysis, bilateral PET abnormalities
were the only predictor independently correlated with the
unfavorable outcome of epilepsy surgery (P-values was 0.019
or 0.001).

Interictal EEG Pattern
One meta-analysis suggested that lateralized findings on
interictal (OR = 1.66, 95%CI = 1.03–2.67, P = 0.04) or ictal
(OR = 1.88, 95% CI = 1.15–3.07, P = 0.01) EEG may correlate
with favorable seizure outcomes (11). The results of this study
coincided with those of some previous studies. However, some
other studies showed no correlation between interictal or ictal
EEG and seizure outcomes (7). As far as seizure semiology

was concerned (3, 7), the presence of generalized seizures was
related to unfavorable seizure outcomes (OR = 1.84, 95% CI
= 1.18–2.89, P = 0.008). It is reported that the immature
structural and functional brains of younger children are more
likely to experience generalized seizures than adult brains (12,
13). However, we did not determine any correlation between
the presence of generalized seizures and unfavorable prognosis,
although younger children constituted a large proportion of the
cases in this study.

APOS
Acute seizures within 1 week after surgery were considered as an
indication of postoperative epilepsy recurrence. In a large series
of 170 children who underwent peri-insular hemispherotomy,
19% (31/163) of the children experienced APOS, and 71% (22/31)
of them had poor postoperative seizure outcomes (7). Another
study on seizure outcomes after extratemporal resections and
hemispherectomy suggested consistent results that APOS could
predict a poor long-term seizure outcome (14). In our study,
8.4% (7/83) of the patients had APOS, and a similar correlation
between APOS and seizure recurrence was determined in
univariate analysis (P = 0.027). But in the multivariate analysis,
APOS could not independently predict seizure outcomes.

Bilateral PET Abnormalities
Only one study with a large sample size of hemispherectomy
patients focused on bilateral PET abnormalities (7). The study
revealed that bilateral PET abnormalities were associated
with unfavorable outcomes (OR = 2.53, 95%CI = 1.02–5.85)
and that they may be more reliable markers of potential
independent epileptogenicity than bilateral structural
abnormalities on brain MRI (7). In another study of 8
children with hemimegalencephaly, bilateral PET abnormalities
were also proved to be a predictor for unfavorable seizure
outcomes (15). In contrast, in a small sample of 18 infants
who underwent hemispherectomy, no correlations were
identified between poor seizure outcomes and bilateral
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TABLE 1 | Univariate analysis of potential predictors on seizure outcome.

Overall (n = 83) Seizure-free (n = 70) Not Seizure-free (n =

13)

*P-Value P-Value of Log-Rank

test in Kaplan Meier

analysis

Gender

Male 55 (66.3) 45 10 0.528 0.356

Female 28 (33.7) 25 3

Mean age at seizure onset, y 1.9 (±2.2) 1.9 (±2.3) 1.6 (±1.7) 0.678 –

Mean age at surgery, y 5.0 (±3.4) 5.0 (±3.3) 5.3 (±4.0) 0.747 –

Mean seizure duration, y 3.1 (±2.6) 3.0 (±2.5) 3.7 (±3.3) 0.399 –

Positive perinatal history 6 (7.2) 5 (7.1) 1 (7.7) 1.000 0.892

Positive family history 5 (6.0) 5 (7.1) 0 1.000 0.241

Development before seizure onset, n (%)

Normal 40 (48.2) 33 (47.1) 7 (53.8) 0.766 0.619

Delay 43 (51.8) 37 (52.9) 6 (46.1)

Antiepileptic drugs (SD)

Pre-operative 2.7 (±1.1) 2.7 (±1.1) 2.8 (±0.7) 0.587 –

Post-operative 1.6 (±0.9) 1.5 (±0.7) 2.3 (±1.3) 0.001 –

Seizure frequency

<1 seizure per day 2 (2.4) 1 (1.4) 1 (7.7) 0.287 0.986

1–5 seizures per day 32 (38.6) 29 (41.4) 3 (23.1)

>5 seizures per day 49 (59.0) 40 (57.2) 9 (69.2)

Etiology

Developmental 23 (27.7) 20/23 (86.9) 3/23 (13.1) 0.096 0.218

Acquired 44 (53.0) 34/44 (77.3) 10/44 (22.7)

Progressive 16 (19.3) 16/16(100) 0/16 (0)

Seizure type or epileptic syndrome, n (%)

Simple partial seizure 82 (98.8) 69 (98.6) 13 (100) 1.000 0.768

Complex partial seizure 17 (20.5) 16 (22.9) 1 (7.7) 0.286 0.161

Generalized seizure 12 (14.5) 9 (12.9) 3 (23.1) 0.280 0.845

Spasms 40 (48.2) 33 (47.1) 7 (53.8) 0.766 0.220

Status epilepticus 18 (21.7) 16 (22.9) 2 (15.4) 0.724 0.424

ESES/CSWS 4 (4.8) 4 (5.7) 0 1.000 0.325

EPC 11 (13.3) 11 (15.7) 0 0.199 0.126

Interictal EEG, n (%)

Ipsilateral 49 (59.0) 46 (65.7) 3 (23.1) 0.006 0.038

Non-lateralized 34 (41.0) 24 (34.3) 10 (76.9)

Ictal EEG, n (%)

Ipsilateral onset 64 (77.1) 57 (81.4) 7 (53.8) 0.065 0.357

Non-lateralized onset 19 (22.9) 13 (18.6) 6 (46.2)

Cerebral MRI, n (%)

Ipsilateral abnormal 64 (77.1) 57 (81.4) 7 (53.8) 0.065 0.389

Bilateral abnormal 19 (22.9) 13 (18.6) 6 (46.2)

PET-CT(n = 51), n(%) n = 43 n = 8 0.001 <0.001

Ipsilateral abnormal 43 (84.3) 40 (93.0) 3 (37.5)

Bilateral abnormal 8 (15.7) 3 (7.0) 5 (62.5)

Hemispherectomy, n (%)

Left side 46 (55.4) 38 (54.3) 8 (61.5) 0.765 0.529

Right side 37 (44.6) 32 (45.7) 5 (38.5)

APOS, n (%)

Absent 76 (91.6) 67 (95.7) 9 (69.2) 0.010 0.003

Present 7 (8.4) 3 (4.3) 4 (30.8)

*P-value was calculated by using the Wilcoxon rank sum, χ
2, and Fisher’s exact tests to compare seizure-free group with seizure-recurrence group in univariate analysis, ignore the

effect of variable of follow-up time. APOS, acute postoperative seizures.
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PET abnormalities (16). In the present study, 8 out of the
51 children patients (15.7%) who underwent preoperative
PET-CT scan exhibited bilateral PET abnormalities and 5
of them (62.5%, 5/8) had unfavorable seizure outcomes.
It is suggested that patients with preoperative bilateral
PET abnormalities should be carefully evaluated before
hemispherotomy surgery and closely followed up after
the operation.

Besides the potential predictors mentioned above, other
related factors such as contralateral MRI anomalies (8), etiology
(6) and epileptic surgical procedure (10) were reported to be
probably associated with poor seizure outcome.

The Contralateral Anomaly of Cerebral MRI
The value of preoperative contralateral MRI anomalies
to predict the seizure outcomes after hemispherectomy
therapy for epileptic patients were explored by a number
of studies with inconsistent results. A study enrolling 110
patients who underwent hemispherectomy displayed no
obvious correlation between contralateral MRI anomalies and
postoperative seizure recurrence (8); while another research
involving 43 patients reviewing hemispherectomy therapy
suggested that contralateral MRI anomalies could predict
the postoperative epilepsy recurrence (4). In our study, no
correlation was identified between bilateral MRI abnormalities
and postoperative epilepsy outcomes. Contralateral MRI
abnormalities were foci of the preoperative evaluations before
hemispherectomy. The structural abnormalities displayed
in brain MRI, such as cortical malformations, abnormal
white matter signals, abnormal white matter myelination
and encephalomalacia, were supposed to be associated with
poor seizure outcomes; but further investigations were still
needed because of the limited number of relevant studies.
In our opinion, contralateral MRI abnormalities were not
an absolute contraindication for hemispherectomy therapy.
Surgical candidacy should be determined by utilizing a
combinative evaluation protocol including semiology analysis,
preoperative vEEG, PET-CT as well as neuropsychological
assessment. Emergent or early-stage MRI was helpful for
determining the location and extent of lesions at early stage
in favor of explaining clinical manifestations, especially
when the patients had acquired etiology such as encephalitis
and hemorrhage.

Etiology
One earlier research study found that patients with
malformations of cortical development may have less favorable
outcomes (6), but this has not been observed in other studies
(3, 5, 7). In our study, different results were found in seizure
outcomes of etiology. Progressive etiology had the best prognosis
(100%, 16/16), followed by developmental etiology (90%, 18/20),
and acquired etiology (80%, 32/40) was the worst. Possible
explanations include different criteria for patient selection and
various surgical techniques in different epilepsy centers. In a
Cleveland epilepsy center, approximately 11.2% (19/170) of
patients had undergone prior focal cortical resection (3). The

integrity of excision or hemispherical disconnection also affects
the surgical prognosis.

Epilepsy Surgery
In a previous study (10), the surgical technique was believed to
be unrelated to the postoperative seizure outcomes (OR = 1.51,
95% CI 0.96–2.36, P = 0.07). As mentioned above, all children
in our study underwent peri-insular hemispherotomy by the
same chief surgeon, and only one patient had received prior
focal cortical resection. The surgeries underwent by the same
senior epileptic surgical specialist could eliminate the individual
variations of surgical technique; and the works of a single
epileptic center during a short period could reduce deviations
produced by the different evaluative conception and the update of
medical equipment. No perioperative or postoperative mortality
was observed. However, we did not review or analyze surgical
techniques, prior surgeries or other complications.

CONCLUSION

Hemispherotomy was an effective and safe surgical option
to relieve the seizure burden of candidates with intractable

epilepsy. The seizure-free rates after hemispherotomy were
approximately 84.3% at a mean follow-up of 3 years. This study
will facilitate better candidate selection for hemispherotomy and
early identification of unfavorable seizure outcomes.

DATA AVAILABILITY

All datasets generated for this study are included in the
manuscript/Supplementary Files.

AUTHOR CONTRIBUTIONS

YJ and LC designed the study and revised the paper. TJ and
ML drafted the paper, analyzed and interpreted the data, and
submitted the paper.WW, RW, and GY analyzed and interpreted
the data. YJ, XL, LC, YW, YZ, XB, QL, SW, and TJ collected
the patients.

FUNDING

This study was supported by Beijing Key Laboratory of Pediatric
Brain Disease (grant No. BZ0317), the National Key Research and
Development Program of China (grant No. 2016YFC1306201),
the Beijing Municipal Science & Technology Commission (grant
No. Z161100000216133), the Interdisciplinary Clinical Research
Project of Peking University (grant No. PKU2017LCX06),
and the Interdisciplinary Clinical Research Project of Peking
University First Hospital (grant No. 2017CR23).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2019.00880/full#supplementary-material

Frontiers in Neurology | www.frontiersin.org 6 August 2019 | Volume 10 | Article 880

https://www.frontiersin.org/articles/10.3389/fneur.2019.00880/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ji et al. Seizure Outcomes and Prognostic Predictors

REFERENCES

1. Verdinelli C, Olsson I, Edelvik A, Hallböök T, Rydenhag B, Malmgren K.

A long-term patient perspective after hemispherotomy—A population based

study. Seizure. (2015) 30:76–82. doi: 10.1016/j.seizure.2015.05.016

2. Bien CG, Schramm J. Treatment of Rasmussen encephalitis half acentury after

its initial description: promising prospects and adilemma. Epilepsy Res. (2009)

86:101–12. doi: 10.1016/j.eplepsyres.2009.06.001

3. Delalande O, Bulteau C, Dellatolas G, Fohlen M, Jalin C, Buret V, et al.

Vertical parasagittal hemispherotomy: surgicalprocedures and clinical long-

term outcomes in a population of 83 children. Neurosurgery. (2007) 60:S19–

32. doi: 10.1227/01.NEU.0000249246.48299.12

4. Hallbook T, Ruggieri P, Adina C, Lachhwani DK, Gupta A,

Kotagal P, et al. Contralateral MRI abnormalities in candidates for

hemispherectomy for refractory epilepsy. Epilepsia. (2010) 51:556–63.

doi: 10.1111/j.1528-1167.2009.02335.x

5. Jonas R, Nguyen S, Hu B, Asarnow RF, LoPresti C, Curtiss S, et al.

Cerebral hemispherectomy: hospital course, seizure, developmental,

language, and motor outcomes. Neurology. (2004) 62:1712–21.

doi: 10.1212/01.WNL.0000127109.14569.C3

6. Kossoff EH, Vining EP, Pillas DJ, Pyzik PL, Avellino AM, Carson

BS, et al. Hemispherectomy for intractable unihemispheric

epilepsy: etiology vs outcome. Neurology. (2003) 61:887–90.

doi: 10.1212/01.WNL.0000090107.04681.5B

7. Moosa AN, Gupta A, Jehi L, Marashly A, Cosmo G, Lachhwani D,

et al. Longitudinal seizure outcome and prognosticpredictors after

hemispherectomy in 170 children. Neurology. (2013) 80:253–60.

doi: 10.1212/WNL.0b013e31827dead9

8. Boshuisen K, van Schooneveld MM, Leijten FS, de Kort GA, van Rijen

PC, Gosselaar PH, et al. Contralateral MRI abnormalities affect seizure and

cognitive outcome after hemispherectomy. Neurology. (2010) 75:1623–30.

doi: 10.1212/WNL.0b013e3181fb4400

9. Terra Bustamante VC, Inuzuka LM, Fernandes RM, Escorsi-Rosset S,

Wichert-Ana L, Alexandre V Jr, et al. Outcome of hemispherc surgeries for

refractory epilepsy in pediatric patients. Childs Nerv Syst. (2007) 23:321-326.

doi: 10.1007/s00381-006-0212-6

10. Engel J Jr, Van Ness PC, Rasmussen TB, Ojemann LM. Outcome with respect

to epileptic seizures. In: Engel J Jr, editor. Surgical Treatment of the Epilepsies,

2nd ed. New York, NY: Raven Press (1993). p 609–21.

11. Hu W, Zhang C, Zhang K, Shao XQ, Zhang JG. Hemispheric surgery for

refractory epilepsy: a systematic review and meta-analysis with emphasis

on seizure predictors and outcomes. J Neurosurg. (2016) 124:952–61.

doi: 10.3171/2015.4.JNS14438

12. Hirfanoglu T, Serdaroglu A, Capraz I, Bilir E, Arhan EP, Aydin K. Comparison

of ILAE 2010 and semiological seizure classification in children with epilepsy.

Epilepsy Res. (2017) 129:41–50. doi: 10.1016/j.eplepsyres.2016.11.007

13. Kakisaka Y, Alexopoulos AV, Gupta A, Wang ZI, Mosher JC, Iwasaki M,

et al. Generalized 3-Hz spike-and-wave complexes emanating from focal

epileptic activity in pediatric patients. Epilepsy Behav. (2011) 20:103–6.

doi: 10.1016/j.yebeh.2010.10.025

14. Mani J, Gupta A, Mascha E, Lachhwani D, Prakash K, Bingaman

W, et al. Postoperative seizures after extratemporal resections and

hemispherectomy inpediatric epilepsy. Neurology. (2006) 66:1038–43.

doi: 10.1212/01.wnl.0000204236.96232.1c

15. Rintahaka PJ, Chugani HT, Messa C, Phelps ME. Hemimegalencephaly:

evaluation with positron emissiontomography. Pediatr Neurol. (1993) 9:21–8.

doi: 10.1016/0887-8994(93)90005-W

16. Gonzalez-Martinez JA, Gupta A, Kotagal P, Wyllie E, Lüders HO, Bingaman

WE. Hemispherectomy for catastrophic epilepsy in infants. Epilepsia. (2005)

46:1518–25. doi: 10.1111/j.1528-1167.2005.53704.x

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Ji, Liu, Wang, Liu, Wu, Zhang, Bao, Wang, Wang, Yu, Liu, Cai

and Jiang. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 7 August 2019 | Volume 10 | Article 880

https://doi.org/10.1016/j.seizure.2015.05.016
https://doi.org/10.1016/j.eplepsyres.2009.06.001
https://doi.org/10.1227/01.NEU.0000249246.48299.12
https://doi.org/10.1111/j.1528-1167.2009.02335.x
https://doi.org/10.1212/01.WNL.0000127109.14569.C3
https://doi.org/10.1212/01.WNL.0000090107.04681.5B
https://doi.org/10.1212/WNL.0b013e31827dead9
https://doi.org/10.1212/WNL.0b013e3181fb4400
https://doi.org/10.1007/s00381-006-0212-6
https://doi.org/10.3171/2015.4.JNS14438
https://doi.org/10.1016/j.eplepsyres.2016.11.007
https://doi.org/10.1016/j.yebeh.2010.10.025
https://doi.org/10.1212/01.wnl.0000204236.96232.1c
https://doi.org/10.1016/0887-8994(93)90005-W
https://doi.org/10.1111/j.1528-1167.2005.53704.x~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Seizure Outcome and Its Prognostic Predictors After Hemispherotomy in Children With Refractory Epilepsy in a Chinese Pediatric Epileptic Center
	Introduction
	Methods
	Patients
	Etiology
	Basic Characteristics
	Preoperative EEG and Semiology
	Preoperative Neuroimaging
	Peri-Insular Hemispherotomy Surgery
	Follow-Up
	Statistical Analysis

	Results
	Clinical Features
	Demographics
	Etiology
	Semiology
	Preoperative EEG Findings
	Neuroimaging Findings
	Peri-Insular Hemispherotomy Surgery

	Surgical Outcomes
	Univariate Analysis (Table 1)
	Multivariate Analysis


	Discussion
	Interictal EEG Pattern
	APOS
	Bilateral PET Abnormalities
	The Contralateral Anomaly of Cerebral MRI
	Etiology
	Epilepsy Surgery

	Conclusion
	Data Availability
	Author Contributions
	Funding
	Supplementary Material
	References


