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Epilepsy surgery failure in children: a quantitative and
qualitative analysis

Clinical article

Dario J. ENcLOT, M.D., Pu.D.,> SEUNGGU J. HAN, M.D.,'? JouN D. RoLstoN, M.D., PH.D.,'?
MicHAEL E. Ivan, M.D.,!'* RACHEL A. KuPERMAN, M.D.,> EDWARD F. CHANG, M.D.,'?

NaLiN Gupeta, M.D., Pa.D.,*# JosepH E. SuLLIvAN, M.D.,!3#

AND KURTIS I. AUGUSTE, M.D.1:245

'UCSF Comprehensive Epilepsy Center and Departments of ?Neurological Surgery, Neurology, and
YPediatrics, University of California, San Francisco, and *Pediatric Epilepsy Program, Children’s Hospital
and Research Center Oakland, California

Object. Resection is a safe and effective treatment option for children with pharmacoresistant focal epilepsy,
but some patients continue experience seizures after surgery. While most studies of pediatric epilepsy surgery focus
on predictors of postoperative seizure outcome, these factors are often not modifiable, and the reasons for surgical
failure may remain unclear.

Methods. The authors performed a retrospective cohort study of children and adolescents who received focal
resective surgery for pharmacoresistant epilepsy. Both quantitative and qualitative analyses of factors associated with
persistent postoperative seizures were conducted.

Results. Records were reviewed from 110 patients, ranging in age from 6 months to 19 years at the time of sur-
gery, who underwent a total of 115 resections. At a mean 3.1-year follow-up, 76% of patients were free of disabling
seizures (Engel Class I outcome). Seizure freedom was predicted by temporal lobe surgery compared with extra-
temporal resection, tumor or mesial temporal sclerosis compared with cortical dysplasia or other pathologies, and
by a lower preoperative seizure frequency. Factors associated with persistent seizures (Engel Class II-IV outcome)
included residual epileptogenic tissue adjacent to the resection cavity (40%), an additional epileptogenic zone distant
from the resection cavity (32%), and the presence of a hemispheric epilepsy syndrome (28%).

Conclusions. While seizure outcomes in pediatric epilepsy surgery may be improved by the use of high-resolu-
tion neuroimaging and invasive electrographic studies, a more aggressive resection should be considered in certain
patients, including hemispherectomy if a hemispheric epilepsy syndrome is suspected. Family counseling regarding

treatment expectations is critical, and reoperation may be warranted in select cases.
(http://thejns.org/doi/abs/10.3171/2014.7 . PEDS13658)

Key Worps *  epilepsy surgery
mesial temporal sclerosis

logical disorder in children. Whereas mesial tempo-

ral lobe epilepsy (TLE) is the most common epilep-
sy syndrome in adults, the majority of children with focal
epilepsy have a neocortical lesion. Seizures in children
with TLE and extratemporal lobe epilepsy are frequently
resistant to treatment with antiseizure medications, lead-
ing to cognitive and behavioral problems, diminished

FOCAL epilepsy is a debilitating yet common neuro-

Abbreviations used in this paper: CHRCO = Children’s Hospital
and Research Center Oakland; ECoG = electrocorticography; EEG
= electroencephalography; FCD = focal cortical dysplasia; MCD
= malformation of cortical development; MTS = mesial temporal
sclerosis; TLE = temporal lobe epilepsy; UCSF = University of
California, San Francisco.
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quality of life, and an increased risk of death.3* Patients
with pharmacoresistant focal epilepsy may benefit from
targeted resection, which results in seizure freedom in
approximately three-quarters of children with TLE and
one-half of those with extratemporal lobe epilepsy.'+!
Because seizure freedom is the most important predictor
of quality of life in epilepsy patients,!! this is a critical goal
in the treatment of epilepsy.

Many studies of epilepsy surgery focus on predictors
of seizure outcome. For instance, our group recently per-
formed meta-analyses of reports describing resective sur-

This article contains some figures that are displayed in color
online but in black-and-white in the print edition.
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gery for epilepsy in children. We found that seizure free-
dom is predicted by abnormal MRI in surgery for TLE,
and by earlier intervention and localized ictal electroen-
cephalography (EEG) findings in extratemporal lobe epi-
lepsy, whereas epilepsy caused by an identified lesion and
lack of generalized seizures predict favorable outcome in
both patient populations.'*!> Quantitative analysis of sei-
zure outcome predictors is important because it allows
improved patient selection and helps guide family discus-
sions, but this approach does have its limitations. Many
of these quantitative or categorical predictors cannot be
changed (such as age and pathology), while other quali-
tative factors that may influence outcome are overlooked
(such as surgical approach), and postoperative diagnostic
studies in patients who continue to have seizures are often
not evaluated. Studies that examine outcomes observed
after epilepsy surgery often do not identify the reasons
that surgery failed, which tends to limit our ability to for-
mulate improved treatment strategies.

In this report, we performed a retrospective cohort
study of children and adolescents who received focal re-
sective surgery for pharmacoresistant epilepsy. We com-
pleted both quantitative and qualitative analyses of factors
associated with persistent seizures after surgery to better
understand the reasons for surgical failures in this popula-
tion, and to help guide treatment strategies going forward.

Methods

Patients and Data Collection

We reviewed the medical records of 130 consecutive
focal resections for epilepsy in pediatric patients (ages
0-19 years old). All patients suffered from drug-resistant
epilepsy, defined as persistent seizures after at least 2 un-
successful antiepileptic medication regimens. Surgical
cases involving focal lesionectomy, lobar resection, or lim-
ited multilobar resection for drug-resistant epilepsy were
included, while we excluded functional or anatomical
hemispherectomy procedures, disconnection-only proce-
dures (e.g., corpus callosotomy), and device implantations
(e.g., vagus nerve stimulator). Surgical procedures were
performed between January 1997 and December 2011 at
the University of California, San Francisco (UCSF), and
between January 2009 and December 2011 at Children’s
Hospital and Research Center Oakland (CHRCO), Cali-
fornia. A minimum of 1 year of postoperative follow-up
was required. Fifteen cases that did not have adequate
postoperative follow-up were excluded, leaving 115 pro-
cedures in 110 patients for subsequent analysis. All study
procedures were in compliance with UCSF and CHRCO
clinical research policies, and research protocols were ap-
proved by the UCSF Committee on Human Research.

Decisions to offer surgery were made by a compre-
hensive team of pediatric epileptologists, neurosurgeons,
neuropsychologists, neuroradiologists, and other practitio-
ners. Standard preoperative evaluation included structural
MRI and EEG, and often also included neuropsychologi-
cal evaluation, PET, and long-term video-EEG monitoring
with or without electrocorticography (ECoG) using surgi-
cally implanted subdural and/or depth electrodes. Resec-
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tion was performed by 1 of 5 neurosurgeons, with more
than half of the procedures performed by the senior author
of the present study (K.I.A.). Resection was customized to
incorporate regions of identified epileptogenic zones and/
or cerebral lesions, and to preserve eloquent cortex, where
applicable. Intraoperative ECoG was used in approxi-
mately two-thirds of surgeries to further guide resection.
Surgical specimens were analyzed by neuropathologists.

All inpatient and outpatient provider notes, laborato-
ry and diagnostic reports, and operative records were re-
viewed. Demographic and clinical information including
patient age, sex, handedness, duration of epilepsy, medi-
cation history, surgical history, MRI results, PET results,
EEG findings, use of implanted intracranial electrodes
for long-term recording, details of the extent of resection,
side and lobes of surgery, and the use of intraoperative
ECoG were recorded. Pathological diagnoses were ob-
tained from neuropathology reports. The recently modi-
fied Palmini classification system was used to classify
cases of focal cortical dysplasia (FCD), except in cases in
which the pathological description lacked sufficient detail
for subclassification.® Details regarding patients’ epilepsy
history and seizure semiology, including seizure type and
frequency, were obtained from preoperative and postop-
erative assessments by epileptologists. Seizure outcome
was determined by evaluating patient status at the latest
follow-up evaluation using a modified Engel classification
system.!? For patients who did not achieve freedom from
debilitating seizures postoperatively (Engel Class 1I-1V
outcome), further detailed chart review was performed
to qualitatively analyze possible factors contributing to
surgical failure. This included a review of postoperative
diagnostic testing, such as electrophysiology and neuro-
imaging studies, as well as further surgical procedures
undertaken and their respective outcomes.

Statistical Analysis

To investigate factors associated with seizure outcome
(Engel Class I vs II-1V), the chi-square test was used for
categorical variables (e.g., sex) and an unpaired Student
t-test was used for continuous variables (e.g., age). Prior to
utilizing parametric tests, normality of data was verified,
and Levene’s test for equality of variances was used. For
multivariate analysis, variables were entered into a mul-
tivariate logistic regression in a backward fashion. Odds
ratios were calculated with a 95% confidence interval.
Kaplan-Meier plots were generated for variables found to
be significant on multivariate analysis, and were further
examined with 2-sided log-rank tests. Statistical signifi-
cance was assessed at p < 0.05 for all tests, and statistical
analyses were performed using SPSS (version 20, IBM).

Results

We reviewed 115 focal resections for epilepsy in 110
patients, ranging in age from 6 months to 19 years (mean
12.3 years) at the time of surgery. Sixty-six patients (60%)
were male. Sixty patients (54%) underwent temporal lobe
surgery, while the others underwent extratemporal lobe
resection. This was the first resective epilepsy procedure
for most patients, but 8 patients (7%) had undergone a pre-
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vious surgery. Postoperative follow-up duration ranged
from 1 to 15 years (mean 3.1 years). Other baseline pa-
tient characteristics are summarized in Table 1. As shown
in Table 2, a wide spectrum of pathological diagnoses
was observed, with malformation of cortical develop-
ment (MCD), tumor, and mesial temporal sclerosis (MTS)
among the most common. Two distinct pathological enti-
ties were observed in 11 cases (9.6%), while only a single
pathology was noted in others.

Seizure Outcomes and Quantitative Analysis of Outcome
Predictors

At the last postoperative follow-up evaluation, 84 pa-
tients (76%) were free of disabling seizures (Engel Class |
outcome), including 67 patients (61%) who achieved com-
plete seizure freedom (Engel Class 1A). Nine individuals
(8%) had an Engel Class II seizure outcome, 8 (7%) ex-
perienced an Engel Class III outcome, and outcome was
Engel Class IV in 9 patients (8%). Accounting for 5 pa-
tients who underwent two focal resections included in the
present series, 84 (73%) of 115 surgeries resulted in Engel
Class I outcome. While some patients with Engel Class
II-IV outcomes experienced a brief period of seizure
freedom immediately after surgery, seizures returned in
most cases within the first 6 postoperative months.

Seizure outcomes were stratified across various fac-
tors of interest to identify potential univariate predictors
of favorable seizure outcome (Table 3). While patients
who achieved favorable (Engel Class I) seizure outcome
had a mean age (= SEM) of 13.3 = 0.6 years at the time of
surgery, individuals with persistent postoperative seizures
were somewhat younger (9.4 = 1.2 years, p < 0.01). Also,
87% of temporal lobe resections, but only 58% of extra-
temporal resections, resulted in freedom from disabling
seizures (p < 0.001). Although Engel Class I outcome was
typical in cases of MTS (100%) or tumor (91%), it was
less often achieved after resection for MCDs such as FCD
(51%), or with other pathologies listed in Table 2 (71%, p
< 0.001). Finally, preoperative seizure frequency was sig-
nificantly higher in patients with Engel Class II-IV out-
come (39.0 = 8.0 seizures per week) compared with those
who achieved freedom from disabling seizures (10.6 = 1.8
seizures per week, p < 0.001). Other differences examined
were not significant (Table 3).

As summarized in Table 4, multivariate analysis
revealed that Engel Class I outcome was predicted by
temporal lobe surgery compared with extratemporal re-
section, lower frequency of preoperative seizures, and a
pathological diagnosis other than MCD. Other variables
investigated (Table 3) were not significantly predictive of
seizure outcome in multivariate analysis. For illustrative
purposes, Kaplan-Meier curves are depicted in Fig. 1 for
the variables significantly predicting outcome in multi-
variate analysis: surgery lobe, pathology, and seizure fre-
quency.

Qualitative Analysis of Seizure Recurrences

In addition to quantitative analysis of seizure outcome
predictors, we performed qualitative analysis of patients
with persistent postoperative seizures (Engel Class II-1V

J Neurosurg: Pediatrics | August 15, 2014

TABLE 1: Baseline patient characteristics

Variable Value (%)

no. of patients 10
mean age at surgery = SEM (yrs) 12.3+0.6
sex

male 66 (60)

female 44 (40)
handedness

rt 59 (54)

It 10 (9)

not yet lateralized or unknown 41 (37)
mean duration of epilepsy + SEM (yrs) 70+05
lobe involved

temporal 60 (55)

frontal 33 (30)

parietal 5(4)

occipital 6 (6)

multiple 6 (6)
mean no. of seizures/wk + SEM 174+28
history of generalized seizures

yes 57 (52)

no 53 (48)
side of surgery

rt 60 (55)

It 50 (45)
previous resection

no 102 (93)

yes 8(7)

outcome) to identify other potential factors contributing
to surgical failure. Of the 31 individuals with Engel Class
II-IV outcome, further diagnostic workup of persistent
seizures was performed in 25 patients by the time of our
study. As summarized in Table 5, we identified 1 of 3 pri-
mary factors associated with seizure recurrence in these
25 patients, as well as other notable factors in some cases.

In 10 (40%) of 25 cases with seizure recurrence, post-
operative electrographic studies suggested residual epi-
leptogenic tissue located adjacent to the resection cavity
(Table 5). In 4 of these cases, a risk of residual epilepto-
genic tissue was expected, as the extent of resection was
intentionally limited to avoid eloquent brain regions. In
2 cases, a residual lesion was also observed on postop-
erative MRI. One illustrative case of a residual epilepto-
genic tissue involved a 16-year-old right-handed boy with
a 14-year history of complex-partial seizures, having un-
dergone 5 unsuccessful antiseizure medications. Seizure
semiology and video-EEG monitoring suggested a left
occipital epileptogenic zone, and a region of gray-white
matter blurring in the mesial left occipital lobe was identi-
fied on MRI, suggestive of FCD. The patient underwent
left occipital craniotomy with focal cortical resection of
the radiological abnormality, which was also the region
displaying most frequent epileptiform activity on intraop-
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TABLE 2: Pathology in 115 surgeries*

Pathology Value
single
MCD
MCD NOS 7
FCD Type | 14
FCD Type lla 6
FCD Type IIb 8
tumor
ganglioglioma 7
diffuse astrocytoma 5
oligodendroglioma 3
DNET 1
SEGA 1
other
MTS 17
gliosis only 17
cortical tuber 8
ischemia/hypoxia 4
cavernous malformation 2
encephalitis 2
normal brain 2

dual
MTS & encephalitis
FCD Type Ill & encephalitis
FCD Type Il & MTS
FCD Type Ill & ganglioglioma
FCD Type Ill & cortical tuber
FCD Type Ill & ischemia/hypoxia
FCD Type Ill & cyst
MTS & ganglioglioma

- A A A A A N W

* DNET = dysembryoplastic neuroepithelial tumor; NOS = not other-
wise specified; SEGA = subependymal giant cell astrocytoma.

erative ECoG. Although less frequent epileptiform activ-
ity was observed inferior to the surgical target, this cortex
was preserved given its normal appearance on MRI, and
concern for preserving vision. Postoperatively, the patient
experienced no change in seizure frequency (Engel Class
IV outcome), and EEG suggested persistent left-occipital
seizure origin. Reoperation was performed via left occipi-
tal craniotomy 21 months after the initial surgery, and the
resection bed was followed inferiorly, to include a gyrus
displaying epileptiform activity on intraoperative ECoG.
The patient remains seizure free (Engel Class IA outcome)
and neurologically intact 2 years after this second surgery,
with final pathological analysis demonstrating FCD.
Among 8 (32%) of 25 cases who experienced persis-
tent seizures, postoperative diagnostic studies suggested
the presence of an additional epileptogenic zone, distant
from the resection cavity (Table 5). Five of these cases
were patients with tuberous sclerosis harboring multiple
tubers. In 2 cases of lateral temporal epileptogenic zone
resection with sparing of the mesial temporal structures,
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postoperative electrographic and radiological studies sug-
gested the presence of MTS (i.e., dual pathology). One il-
lustrative case of an additional distant epileptogenic zone
involved a 15-month-old boy with tuberous sclerosis ex-
periencing numerous daily partial seizures without clear
lateralizing seizure semiology despite several antiseizure
medication trials. MRI revealed multiple bilateral cortical
tubers and subependymal nodules, including a large tuber
in the right posterior frontal lobe. Video-EEG monitor-
ing captured 2 seizures originating from the right frontal
region, as well as frequent bilateral interictal epileptiform
activity. The patient underwent craniotomy and resec-
tion of the right frontal tuber with intraoperative ECoG,
which demonstrated abnormal electrographic activity
most prominent over the target lesion. Postoperatively, the
patient experienced a moderate decrease in seizure fre-
quency, but continued to have debilitating epilepsy (Engel
Class III outcome). EEG performed after surgery showed
bilateral epileptiform activity in the setting of multiple bi-
lateral cortical lesions noted on imaging studies.

Finally, 7 (28%) of 25 cases with persistent seizures
involved patients with a suspected diagnosis of a hemi-
spheric epilepsy syndrome, such as hemimegalencephaly
or Rasmussen’s encephalitis. In these cases, either tar-
geted resection was planned to avoid potential morbidity
associated with hemispherectomy, or a hemispheric epi-
lepsy syndrome diagnosis was uncertain preoperatively.
An illustrative case in this category involved a 14-month-
old girl with a history of infantile spasms, suffering from
10—12 seizures per day. MRI suggested left hemispheric
cortical dysplasia that was most severe in the frontal lobe,
with left frontal epileptiform activity noted on EEG and
left frontal lobe hypometabolism on PET. She underwent
a modified left frontal lobectomy, preserving her primary
motor cortex. Intraoperative ECoG showed diffuse epilep-
tiform activity in the frontal lobe before resection, with
modest reduction observed on postresection ECoG record-
ings. Pathology confirmed cortical dysplasia with subcor-
tical white matter hypomyelination. After a few months of
seizure freedom, the patient’s seizure frequency returned
to preoperative baseline levels (Engel Class IV outcome),
with epileptiform activity localized to the left hemisphere
on EEG. Twenty months after her initial operation, the pa-
tient underwent left functional hemispherectomy. At age
5, the patient has been seizure free for 2.5 years (Engel
Class IA outcome), with progressive recovery of expected
right-sided hemiparesis (able to walk independently and
antigravity strength in the right arm), and excellent prog-
ress in language function (able to spell her name, count to
40, and speak in 4-word sentences).

Perioperative Adverse Events

In 115 surgeries, transient postoperative neurological
deficits were observed in 9 patients (8%) who experienced
a full recovery. Persistent new hemiparesis was noted
after 4 surgeries (3%), 3 of which were expected given
planned resection involving eloquent cortex. Other ad-
verse events occurred in 5 cases (4%), including 2 wound
infections requiring reoperation and intravenous antibi-
otics, 1 postoperative hematoma requiring evacuation, 1
hospital-acquired pneumonia, and 1 case of postoperative

J Neurosurg: Pediatrics / August 15, 2014
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TABLE 3: Seizure outcomes and associated factors*

Variable Engel Class | (%) Engel Class II-1V (%) p Value
patient demographics
mean age at surgery = SEM (yrs) 13.3+0.6 94+12 <0.01f
sex
male 48 (69) 22 (31) 0.20
female 36 (80) 9 (20)
handedness
rt 50 (81) 12 (19) 0.43
It 7(70) 3 (30)
epilepsy characteristics
lobe involved
temporal 52 (87) 8(13) <0.001f
extratemporal 32 (58) 23 (42)
primary pathology
MCD 20 (51) 19 (49) <0.001t
tumor 19 (90) 2(10)
MTS 20 (100) 0(0)
other 25(71) 10 (29)
mean duration of epilepsy = SEM (yrs) 7306 6.3.£0.9 0.31
mean no. of seizures/wk = SEM 106 +1.8 39.0+8.0 <0.001t
history of generalized seizures
yes 40 (67) 20 (33) 0.14
no 44 (80) 11 (20)
preop diagnostics
MRI
abnormal 76 (74) 27 (26) 0.73
normal 8 (67) 4 (33)
scalp ictal EEG
localized 40 (80) 10 (20) 0.10
not localized 44 (68) 21 (32)
implanted ECoG
performed 31(72) 12 (28) 0.99
not performed 53 (74) 19 (26)
PET (when performed)
abnormal 17 (68) 8(32) 0.95
normal 4(67) 2(33)
operative factors
side of surgery
rt 49 (80) 12 (20) 0.09
It 35 (65) 19 (35)
intraop ECoG
performed 55 (71) 22 (29) 0.66
not performed 29 (76) 9 (24)
extent of resection (distinct lesion only)
gross-total 28 (78) 8 (22) 0.31
subtotal 3 (50) 3 (50)
(continued)
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TABLE 3: Seizure outcomes and associated factors* (continued)

Variable Engel Class | (%) Engel Class II-1V (%) p Value
operative factors (continued)
previous resection
no 2) 30 (28) 0.68
yes 7(88) 1(12)
total 3) 31(27)

* Note that n = 115 surgeries in Table 3, whereas n = 110 patients in Table 1.
T Statistically significant value (p < 0.05) from »? test (categorical) or t-test (continuous) comparing patients with Engel Class |

versus Class II-1V seizure outcomes.

hydrocephalus requiring shunt insertion. There were no
cases of perioperative death.

Discussion

In the present study, we report a retrospective analysis
of factors associated with seizure outcome in focal resec-
tive epilepsy surgery in children and adolescents. Favor-
able Engel Class I seizure outcomes were observed in 76%
of 110 patients, or in 73% of 115 focal resections (5 indi-
viduals underwent two surgical procedures in the study).
Consistent with previous reports, there was a higher like-
lihood of favorable seizure outcome with temporal lobe
compared with extratemporal location, tumor, or MTS
compared with MCD or other pathologies, and a lower
preoperative seizure frequency. Among the 31 patients
with persistent seizures after surgery (Engel Class II-1V
outcome), sufficient postoperative data were available in
25 cases to identify potential reasons for surgical failure.
Factors associated with persistent seizures included re-
sidual epileptogenic tissues adjacent to resection cavity
(40%), an additional epileptogenic zone distant from the
resection cavity (32%), and the likely presence of a hemi-
spheric epilepsy syndrome (28%).

Incomplete resection of an epileptogenic zone occurs
by either intentionally limiting the extent of excision to
avoid damaging eloquent brain regions or from inadequate
delineation of the entire epileptogenic zone. It is of utmost
importance to balance the risks of persistent seizures af-
ter a conservative resection with that of greater neurologi-
cal deficits resulting from a more aggressive approach.
Fortunately, the majority of neurological deficits present
immediately after surgery will improve over time. In one
series of tailored rolandic cortex resections reported by de
Oliveira and colleagues, while more than 40% of 48 chil-

TABLE 4: Predictors of Engel Class | seizure outcome from
multivariate logistic regression analysis

Predictor OR* 95% ClI p Value
temporal lobe surgery 2.95 1.10-7.95 <0.05
seizure frequency <14/wk 4.46 1.66-12.0 <0.01
MCD 0.20 0.08-0.48 <0.001

*

Larger OR indicates higher likelihood of postoperative seizure free-
dom (Engel Class | outcome).

6

dren experienced postoperative neurological deficits, all
recovered fully within 6 months of surgery.' Using func-
tional MRI, Barba and colleagues found that motor func-
tion recovery after rolandic epilepsy surgery in two chil-
dren was associated with reorganization of motor-related
cortical activations, demonstrating the importance of plas-
ticity in postoperative neurological recovery.’> Although
it is critical to limit the risk of permanent postoperative
neurological deficit, it is equally important to consider
potentially devastating effects of persistent uncontrolled
seizures. Several investigations have shown that children
with postoperative seizure freedom enjoy better cognitive
function,># improved memory,* less need for medication
and its effects,?** fewer behavioral issues,** and enhanced
quality of life*** compared with individuals with contin-
ued seizures. At 1 large pediatric epilepsy center, Hemb
and co-investigators have suggested that more aggressive
resections in their most recent surgical series were associ-
ated with improved seizure outcomes without increased
morbidity, when compared with a less aggressive ap-
proach in older cases.?® Thus, in patients with extremely
debilitating seizure profiles, or younger individuals with
greater potential for neural plasticity and reorganization,
an aggressive resection may be warranted.

When incomplete resection of an epileptogenic zone
is unintended, what can be done to maximize precise lo-
calization of the surgical target? While behavioral seizure
semiology, scalp EEG, and PET all help identify the sur-
gical region of interest, accurate delineation of the epi-
leptogenic zone often requires high-resolution diagnostic
studies, such as high-field structural MRI and/or invasive
electrophysiological recordings. Mounting evidence sug-
gests a greater likelihood of successful epilepsy surgery
when a distinct lesion is identified on MRIL.>*#1647 At our
institution, we now routinely perform 3-T MRI with epi-
lepsy-specific sequences as part of our preoperative evalu-
ation. In a study performed by Knake and others, new le-
sions were found on 3-T phased-array MR images in 65%
of patients with epilepsy (n = 23) with a reportedly normal
1.5-T MR image.”® The ability to detect subtle epilepto-
genic lesions will likely be further enhanced as 7-T MRI
becomes more widely used in the clinical setting.” Also,
in the present study, 2 patients with persistent seizures had
a residual lesion identified on postoperative MRI. This
finding highlights the importance of achieving gross-total
resection of identified epileptogenic lesions whenever safe
and possible.
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Except in patients with an unambiguous epilepto-
genic lesion, we typically use invasive ECoG, either with
intraoperative recordings and/or video-EEG monitoring
with implanted electrodes, to better delineate the epilepto-
genic zone. In 1 study by Asano and colleagues describing
implanted ECoG in 61 children and young adults, incom-
plete removal of the area of electrographic abnormality
was the only independent predictor of persistent postop-
erative seizures.> Many other groups have advocated for
intraoperative ECoG to guide resection in neocortical epi-
lepsy.?*# In the present series, several cases were identi-
fied in which intraoperative ECoG helped guide surgical
strategy, such as the first illustrative case described in the
results, but there was no overall statistical relationship be-
tween the use of ECoG and seizure outcomes. Caution is
necessary in interpreting this result, however, as cases in
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Fie. 1. Kaplan-Meier plots stratified by significant predictors of sei-
zure outcome.  A: Compared with patients who underwent extratem-
poral lobe epileptogenic zone resection, those who received temporal
lobe surgery were more likely to achieve Engel Class | outcome (p <
0.05).  B: Favorable seizure outcomes were observed in patients with
MTS or tumor epilepsy pathology, whereas individuals with MCD were
less likely to achieve Engel Class | outcome (p < 0.05). C: Patients
having fewer than 14 seizures per week preoperatively were more likely
to have an Engel Class | outcome than those with higher seizure fre-
quency. Data are seizure outcomes (Engel Class | vs II-1V) at last fol-
low-up. Statistical testing was performed with a single 2-sided log-rank
test per plot, with significance assessed at p < 0.05.

which ECoG is used are likely associated a priori with a
more difficult epileptogenic zone to localize, a more se-
vere epilepsy, or with a lesion less amenable to complete
resection given the involvement of eloquent structures. A
prospective, randomized study of the utility of intraopera-
tive ECoG in epilepsy surgery has not yet been performed
and is certainly warranted. Continued development of
novel strategies for interpreting ECoG signals, including
the detection of fast ripple activity'#¢ and functional con-
nectivity analysis,>*® will also be important going forward.

Among the 8 cases in our series in which a separate
epileptogenic zone likely contributed to seizure recur-
rence, 5 patients suffered from tuberous sclerosis. Overall,
Engel Class I outcome was achieved in 5 of 10 individuals
after resection of an epileptogenic tuber. Bilateral or nu-
merous epileptogenic foci are more common in tuberous
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TABLE 5: Qualitative analysis of factors associated with persistent postoperative seizures*

Primary Associated Factor

No. of Cases

residual epileptogenic tissue adjacent to resection cavity
resection intentionally limited to avoid eloquent brain region

residual lesion identified on postop MRI

additional epileptogenic zone distant from resection cavity

multiple tubers in setting of tuberous sclerosis

dual pathology w/ MTS in setting of lateral cortical epileptogenic zone resection

hemispheric epilepsy syndrome

10
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* Of the 31 surgeries associated with Engel Class II-IV seizure outcome, postoperative diagnostic workup was performed in
25 cases. One primary factor was associated with each of these cases, with additional notable factors identified in some cases.

sclerosis than other focal epilepsies, especially since there
are multiple parenchymal tubers.34%44 Jansen et al. pooled
177 patients with epilepsy undergoing resective surgery
for tuberous sclerosis from 25 articles and found that 57%
of the cohort achieved postoperative seizure freedom.?*
Similar outcomes were reported in a recent meta-analysis
by Fallah and colleagues, who analyzed 181 resections
from 20 studies, of which 56% patients reached an Engel
Class I outcome."” The appropriate selection of surgical
candidates among patients with tuberous sclerosis re-
quires meticulous preoperative evaluation with high-reso-
lution neuroimaging and electrophysiological recordings,
but families should also be counseled that nearly half of
these patients continue to have seizures after surgery.

Our study also identified 2 cases of lateral tempo-
ral resection in which dual pathology with MTS likely
contributed to seizures after surgery. Spencer and col-
leagues have argued that dual pathology drives ictogen-
esis in certain cases of TLE, and that cortical dysgenesis,
gliosis, and hippocampal sclerosis may allow continued
seizures even after gross-total excision of a temporal
lobe lesion.®#* Some investigators have argued for more
extensive resection in focal epilepsy involving temporal
lobe lesions, suggesting that the addition of amygdalohip-
pocampectomy and anterior temporal corticectomy may
produce better postoperative seizure control than gross-
total lesionectomy alone.'*?!¥7 Thus, in cases of a temporal
lobe cortical epileptogenic zone, it is important to rule out
dual pathology via careful inspection of seizure semiol-
ogy and mesial temporal lobe appearance on MRI, and
intraoperative ECoG with hippocampal depth electrodes
may also be considered.?” If MTS is present in addition
to the cortical lesion, a larger resection including mesial
temporal structures may be warranted.

We identified 7 patients with persistent postoperative
seizures in the setting of a likely hemispheric epilepsy
syndrome. While hemimegalencephaly accounts for 30%
to 50% of hemispheric epilepsy cases, other causes in-
clude Rasmussen’s encephalitis, Sturge-Weber syndrome,
intracerebral hemorrhage, ischemic stroke, traumatic
brain injury, and other forms of MCD.* In 1 case of sus-
pected cortical dysplasia, given both persistent seizures
after focal resection and final pathology suggesting Ras-
mussen’s encephalitis, the patient returned for hemispher-
ectomy, ultimately resulting in seizure freedom. In other
cases, targeted resection was planned to avoid surgical
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morbidity associated with hemispherectomy. Compared
with focal resection, hemispherectomy is associated with
a higher risk of severe hemiparesis, hemianopia, or lan-
guage dysfunction, and the need for ventriculoperitoneal
shunting.”” In many cases of suspected hemispheric epi-
lepsy, a challenging decision is whether to pursue focal
resection to limit surgical morbidity or proceed directly to
hemispherectomy to maximize the chance of seizure free-
dom (reported as 66% at 5 years in a recent large single-
center hemispherectomy series).’¢ Multiple factors must
be weighed, including severity of illness, electrographic
and radiological findings, patient age and capacity for
neural remodeling, baseline neurological deficits, and the
product of family discussions.

Finally, in patients with either hemispheric or focal
epilepsy syndromes with persistent seizures after surgery,
reoperation may be an option. In the present series, En-
gel Class I outcome was achieved in 7 of 8 patients who
underwent repeat focal resection. In a recent series of 23
children undergoing reoperation reported by Ramantani
and others, 14 (61%) were seizure free at last follow-up.*
Also, Bauman and colleagues have advocated for a multi-
stage chronic ECoG monitoring approach to failed pedi-
atric epilepsy surgery, which resulted in seizure freedom
in 60% of 15 reoperations in their series.* Considering the
debilitating effects of persistent postoperative seizures,
further resection should be considered in select patients
who fail initial resection.

The present study has several limitations. This is a
retrospective cohort investigation, without prospective
control, making bias in selection or outcome reporting po-
tential concerns. A significant part of this study involves
qualitative assessment of factors contributing to surgical
failures, which relies on our subjective interpretation of
patient data. Given that only 2 institutions are included in
this investigation, results may not fully reflect the popula-
tion of surgical epilepsy patients. Because we limited the
scope of this study to seizure recurrence after targeted
resection, neuropsychological and cognitive outcomes are
not addressed, yet remain important treatment consider-
ations. Finally, although the longevity of seizure outcomes
was also not the focus of this report, we did observe a
decrease in seizure freedom rates over time. Others have
reported similar seizure recurrences after pediatric epi-
lepsy surgery,’** although longitudinal studies suggest
that early seizure freedom is resilient in the majority of
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cases.’ Medication withdrawal and acute postoperative
seizures likely only account for a portion of late seizure
recurrences.?>* Further study of the reasons for both ear-
ly and delayed seizure recurrence after pediatric epilepsy
surgery remains critically important.

Conclusions

Focal resection is an effective treatment option for
children with pharmacoresistant localizable epilepsy,
although some patients continue to experience seizures
postoperatively. While seizure outcomes in pediatric epi-
lepsy surgery may be improved by the use of high-reso-
lution neuroimaging and invasive electrographic studies,
a more aggressive resection should be considered in cer-
tain patients, including hemispherectomy if a hemispheric
epilepsy syndrome is suspected. The continued pursuit
of technological advances in the diagnosis and surgical
treatment of pediatric epilepsy surgery is a vital goal, but
family counseling regarding the risk of persistent postop-
erative seizures remains equally important. Reoperation
may be warranted in select cases.
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