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alternative option for patients of refractory epilepsy.
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six patients had previously failed epilepsy surgery and received a reoperation, with a good
outcome rate of 83.3% (5/6).
Conclusion: After complete pre-surgical evaluation and combined interventional proced-

ures, the patients with refractory epilepsy had satisfactory outcomes and few neurological

complications. Moreover, re-operation can improve the outcome in some patients who
previously failed epilepsy surgery.

At a glance of commentary

Scientific background on the subject

Combination therapy of lesionectomy, topectomy, and
MST for complicated patients with multiple lesions or
epileptic foci might provide a chance of good seizure
outcome.

What this study adds to the field

In patients failed previous epilepsy surgery, combination
therapy is an option for further epilepsy management.

Epilepsy is one of most common neurological disorders, and
involves paroxysmal attacks which can lead to severe injury.
Although an increasing number of new antiepileptic drugs
(AEDs) have been developed in recent decades which can
partially relieve seizures, about one third of patients with
epilepsy are still medically intractable [1], even use ketogenic
diet [2—4]. Diagnostic advances including structural and
functional imaging, long-term video-electroencephalography
(VEEG), invasive monitoring, and surgical mapping are
important to confirm precisely the epileptogenic zones in
different lobes or different hemispheres before resective or
palliative surgery. As a result, epilepsy surgery can achieve
immediate and lasting seizure control.

Many surgical procedures are used in epilepsy surgery.
Traditionally, the goal of epilepsy surgery is complete removal
of the epileptogenic zone without causing permanent neuro-
logical deficits. The development of gamma knife radiosurgery
for lesional focal epilepsy provides another choice of non-
invasive method for seizure foci within an eloquent area or
surgically challenging brain regions that maybe associated
with a high risk of complications after open surgery. This
method has been extensively used for refractory epilepsy with
arteriovenous malformations, cavernomas, tumors, hypo-
thalamic hamartomas, and mesial temporal epilepsy with
hippocampal sclerosis [5].

For medial temporal lobe epilepsy, anterior temporal lo-
bectomy has been shown to improve seizure frequency or
even stop seizures, especially in patients with mesial tempo-
ral lobe sclerosis [6—8]. Functional imaging modalities such as
functional magnetic resonance imaging (fMRI), ethyl cys-
teinate dimer-single-photon emission computed tomography
(SPECT), and 18F-fluorodeoxyglucose position emission

tomography (FDG-PET) can help to delineate the relationship
between anatomical structures and epileptogenic zones [9,10].
In tumor-related temporal lobe epilepsy, gross-total lesio-
nectomy combined with foci topectomy has been reported to
be more beneficial than lesionectomy alone, with a reported
87% of patients achieving seizure freedom. In addition,
disconnection procedures of multiple subpial cortical tran-
section (MST) commonly used in combination with resective
epilepsy surgery with multiple foci or foci involving an
eloquent cortex, especially in frontal lobe epilepsy, may pro-
vide additional benefits in reducing seizures [11,12]. The
combination of several different interventional procedures for
complicated refractory epilepsy with lesions and variable
epileptic foci therefore seems to be a reasonable approach to
achieve seizure freedom.

Materials and methods
Indication for epilepsy surgery and pre-operative evaluation

All the patients who underwent epilepsy surgery for the treat-
ment of refractory seizures at our hospital over a 5-years period
from January 1, 2010 to December 31, 2014 at Chang Gung Me-
morial Hospital (CGMH), Linkou were collected in this study. All
of the patients underwent routine preoperative workup for
drug-resistant epilepsy at the Department of Neurology,
Neurosurgery, Neuroradiology and Nuclear Medicine at CGMH.
Demographic data including gender, age at seizure onset,
seizure pattern, etiology of epilepsy, duration of epilepsy, fre-
quency of seizures, duration between seizure onset and sur-
gery, follow-up period, and post-surgical outcomes were
recorded. These patients were followed to December 2016, at
least 2 years after surgery. The frequencies of seizures before
and after surgery were recorded to assess seizure outcome. In
addition, data on the first seizure after surgery and adjustments
in AEDs before and after surgery were also recorded. The pre-
surgical evaluation protocol included VEEG, brain magnetic
resonance imaging (MRI), SPECT or FDG-PET.

Each patient completed VEEG to confirm seizure pattern,
and pre-surgical intracranial electro-corticography (ECoG)
recording and functional brain mapping. ECoG was recorded
for 7 days to clarify the ictus, epileptogenic zones and related
lobes. According to our standard protocol, we tapered or
stopped the current AEDs during ECoG recording so that we
could record more than two seizures to clarify epileptogenic
zones. In addition, all patients received repeatedly intra-
operative ECoG during epilepsy surgery to clarify the real
epileptogenic margin.
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We divided the patients into different groups by epilepto-
genic foci-related lobes (confirmed by ECoG), etiology and MRI
findings, and surgical procedures to clarify the outcomes. The
epileptic foci could be correlated to brain lesion or not. The 30
patients were divided into two groups, A and B. Group A
meant simple group, included patients with epileptic foci
located over one lobe with or without well-defined brain le-
sions. Group B meant complicated groups, included patients
with multiple epileptic foci over two or more lobes; for
example, unilateral fronto-temporal lobes or bilateral tem-
poral lobes. The lesion and epileptic foci may locate in the
same or different lobes in group B. The brain MRI findings
included normal well-defined lesions (such as cavernoma) or
ill-defined lesions such as gliosis or encephalomalacia due to
trauma, meningoencephalitis.

Statistical analysis

We used Independent t-test to compare continuous data be-
tween two groups, including seizure onset, age at surgery,
duration between seizure onset and surgery, and post-
operative follow-up period. Besides, Fisher's exact test was
used for surgery outcome between-group differences.

Surgical procedures

The patients underwent one or more surgical procedure
including lesionectomy, partial or total temporal lobectomy,
frontal or temporal topectomy (F-topectomy or T-topectomy),
also called “cytoreduction”, or in combination with MST,
depending on the epileptic foci by VEEG, intra-operative ECoG,
seizure pattern, imaging findings, foci localized over an
eloquent or non-eloquent cortex, and clinical presentations
individually [13]. Maximum resection of epileptogenic zones

was performed when the regions involved were functionally
considered to be relatively “silent” or “non-eloquent” accord-
ing to pre-surgical and intra-operative ECoG and functional
mapping. If the seizure foci were identified in both hemi-
spheres, the predominant foci were resected first, and then
additional monitoring was performed to determine the ac-
tivity in the contralateral foci before considering resection or
other palliative treatment.

We had different surgical procedures in group A and B,
and the flowchart of surgical treatment, patient numbers
were described in Fig. 1. For example, when a patient in group
B had a brain lesion, and we detected epileptogenic zones
more than the lesion, or even in different lobes, we per-
formed lesionectomy first as complete as possible. The next
step was to detect the margin and confirm whether there
were any residual epileptiform discharges to decide whether
we needed to perform further resection. If the epileptogenic
zones did not involve eloquent areas, we preferred modified
or total lobectomy (in temporal lobe), or combined topectomy
of epileptic foci in extra-temporal lobe as maximum as
possible. Whereas, in the patient whose epileptogenic zones
involved eloquent areas, we chose modified topectomy and
combined with MST to reduce seizures and prevent compli-
cations.Based on invasive ictal and interictal recordings, ep-
ilepsy surgery can be tailored individually by resecting the
lesion, surrounding epileptogenic zone, and sparing the
functionally intact cortex.

For the patients in whom brain imaging showed no obvious
lesions or ill-defined lesions such as gliosis due to traumas or
previous surgery, the neurosurgeon chose temporal lobec-
tomy, topectomy or in combination with MST. MST was usu-
ally used in the patients whose epileptic foci were located over
an eloquent area, usually the frontal lobe involving motor,
sensory or language areas.

Group A (lesion and epileptic foci in single lobe)

Group B (lesion and epileptic foci in more than one lobes)

(0=15) (n=15)
Temporal lobe Extra- Temporal Epileptic foci in Epileptic foci in both Epileptic foci in
(n=10) lobe (n=5) non-eloquent area non-eloquent and eloquent area
/ \ (n=11) eloquent area (n=1) 0=3)
Same site Different site
(n=2) (=3)
Temporal
lobectomy
Topectomy + Topectomy + Lesionectomy Lesionectomy
Lesionectomy +MST +MST
Lesionectomy Lesionectomy +

Topectomy

#n: patient numbers
#MST: multiple subpial cortical transection

Fig. 1 The flowchart of surgical treatment about refractory epilepsy in our patients (n = 30).
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Evaluation of outcomes

We reviewed the frequency of seizures per month before and
after epilepsy surgery to evaluate the outcomes. Every patient
was followed up at our outpatient department for at least 24
months; if the patient was lost to follow-up, we attempted to
contact them and ask about seizure control. Changes in
seizure control after surgery were evaluated according to
Engel's classification as follows: Class I, free of disabling sei-
zures; IA, completely seizure free since surgery; IB, non-
disabling simple partial seizures only since surgery; IC, some
disabling seizures after surgery, but free of disabling seizures
for at least 2 years; Class II, almost seizure free; IIA, initially
free of disabling seizures but now with rare seizures; IIB, rare
disabling seizures since surgery; and IIC, more than a few
disabling seizures since surgery, but few seizures in the last 2
years; Class III, worthwhile improvement, usually >50%
reduction in seizure frequency; Class IV, no worthwhile
improvement. We defined a “good outcome” as being class I or
II. Pre-surgical complications, complications during evalua-
tion and monitoring, and post-operative complications and
neurological deficits were also recorded.

Results

Total 32 patients with epilepsy received surgery during the 5
years. We excluded two patients who were lost to follow-up
within 2 years after surgery to meet Engel's classification. Of

the 30 enrolled patients, the age at onset of seizures was 3—51
years (21.4 + 11.0 years), the age at receiving surgery was
19-63 years (37.8 + 9.0 years), and the duration between
seizure onset and surgery was 1-54 years (16.6 + 11.0 years).
The follow-up period after epilepsy surgery was 29-91
months (52.5 + 13.8 months). The overall “good outcome” rate
was 86.7% (26/30).

Twenty-four of the 30 patients had unprovoked seizures
during pre-surgical ECoG recording, and every patient had one
or more ictal or interictal foci recorded in pre-surgical ECoG,
brain mapping, and intra-operative ECoG. The etiologies, MRI
findings and demography of group A and B werelisted in Table 1.

Overall the post-surgical outcomes of epileptic focilocated in
asinglelobe (group A, simple group) and multiple lobes (group B,
complicated group) were similar and showed no significant
differences. In group A, the good outcome rate was 93.3% (14/
15), compared to 80% (12/15) in groups B. In group A (15 patients),
the epileptic foci involved the temporal lobe in 10 patients, the
frontal lobe in four, and the parietal lobe in one. Analyzing the
seizure patterns in group A, we found simple partial seizures in
two patients, complex partial seizures in four, and the other
nine patients presented with focal seizures with secondary
generalization. After intra-operative ECoG and brain mapping,
among those 10 patients with T lobe epilepsy, the neurosurgeon
chose lesionectomy, T-topectomy or even T lobectomy. In the
other four patients with F lobe epilepsy, the neurosurgeon chose
lesionectomy, and may combined F- topectomy. The only one
patient with parietal lobe epilepsy received lesionectomy. In
group B, epileptic foci involved two lobes in 13 patients, and

Table 1 Analysis of epilepsy surgery in 30 patients with epileptic foci involving single lobes (group A) and multiple lobes

(group B) by ECoG.

Group A: simple group B: complicated group p value
Epileptic foci-related single lobe multiple lobes
lobes
Patient numbers (M/F) 15 (9/6) 15 (9/6)
Etiology cavernoma 4 (hemangioma s/p op® 1), cavernoma 1, DNET1, gliosis 6 (trauma 5, both
tumors 3 (oligodendroglioma s/p op® 1; trauma and meningitis 1), cortical dysplasia s/p
glioma p r-knife 1), cortical dysplasia 1, op® 1, ganglioglioma s/p op® 1, oligodendroglioma
gliosis 4 (trauma 3, cerebral palsy s/p op® s/p op” 1, MTS 1, no obvious lesion 3.
1), MTS 1, no obvious lesion 2
Surgical procedure Lobectomy, topectomy, or lesionectomy, temporal lobectomy, T-/F- topectomy; or
combined MST or lesionectomy
Seizure onset (years old) 3-51 (23.7 + 14.5) 6-44 (19.2 + 12.1) 0.368
Age at surgery (years 19-51 (34.1 + 8.8) 19-63 (41.6 + 11.4) 0.052
old)
Duration between 1-25 (10.7 + 10.6) 1-54 (22.4 + 14.0) 0.016%
seizure onset and
surgery (years)
Post-operation follow- 35-91 (55.1 + 17.6) 29-73 (49.9 + 15.3) 0.400

up period (months)
Outcomes (Engel's classification)

Class I 13 (86.6%)
Class II 1(6.7%)

Class III + IV 1 (6.7%)+ 0 (0%)
Good outcome (class 14 (93.3%)

I+ 11, %)

6 (40.0%)
6 (40.0%)
3 (20.0%)+ 0 (0%)
12 (80.0%)

Abbreviations: DNET: dysembryoplastic neuroepithelial tumor; MTS: mesial temporal sclerosis; MST: multiple subpial cortical transection; T-
topectomy: temporal topectomy; F- topectomy: frontal topectomy; ECoG: electro-corticography.

a «

s/p op”: “status post operation”, the patient had received tumor resection or epilepsy surgery before.
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three lobes in two patients. Three patients had epileptic foci
over bilateral hemispheres. Four patients had complex partial
seizures, and the other 11 patients presented with focal seizures
with secondary generalization.

The neurosurgeon chose partial or total temporal lobec-
tomy, T- or F- topectomy, or in combination with MST for
patients in group B. Four of our patients whose epileptogenic
zones involved eloquent areas received MST with cytor-
eduction were listed in Table 2. The rate of good outcome of
these four patients was 75% (3/4). None of the four patients in
our series belonged to class IV, and only one patient was
classified as being class III. However, little information is
available with regards to surgical failure.

Discussion

The failure of epilepsy surgery may be caused by multiple or
widespread epileptogenic zones, or limited resection of the
suspected epileptogenic zones [14,15]. Reviewing previous
studies, maximal, extensive surgical resection has been re-
ported to be significant associated with seizure freedom for
temporal lobe tumors [16,17], cavernous malformations [5,18]
and other tumors [19]. Our results showed that lesionectomy,
repeated intra-operative ECoG to detect epileptic foci for
maximal resection of the surrounding tissues, topectomy and/
or in combination with MST may obtain good seizure freedom
and few neurological complications. There were no obvious
differences in most items among the two groups in our study,
except duration between seizure onset and surgery (P
value < 0.05, see Table 1). The average duration between
seizure onset and surgery was significant longers in group B.
We think that the patients in group B were relative refractory,
and were throught to be difficult for surgical treatment before.
So patients in group B usually had longer duration to evaluate
epilepsy surgery when medical therapy failed.

Therefore, we suggest performing as extensive cytor-
eduction as possible, not only to resect the lesions in the
epileptogenic zones which do not involve eloquent areas, but
also to exclude the possibility of surgical treatment through
the etiology. In addition, because no significant differences of
outcome were found between simple or complicated groups in
our patients, so we suggest that no matter the epileptic foci
located in single or multiple lobes, epileptic surgery might be
considered as early as possible when medical treatment is not
effective.

The patients with epileptic foci involving an eloquent area,
especially in frontal lobe, are usually difficulty to surgery.
Therefore, MST and topectomy were usually necessary
[12,20—22]. The rate of good outcome in our four patients
receiving MST was 75%, no significant differences with total
patients in group B.

With regards to the etiology, the patients with cortical
dysplastic lesions and post-traumatic gliosis, meningoen-
cephalitis and traumatic brain injuries had a higher risk of
recurrence, and surgical treatment were not preferred for
these patients [8,23,24]. Among our patients, six had received
epilepsy surgery or tumor surgery, but failed before. We still
performed epilepsy surgery again for them. Three of them
were in group A, and the other three patients were in group B.
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gender

focal Sz with GTCS

Rt F-P

focal Sz with GTCS

RtF-T

11
38
27

focal Sz with GTCS
RtF-Tand Lt T

CPS

Seizure pattern

Lt F-T
31

Epileptic foci after ECoG (lobes)

Seizure Onset (y/0)
Age of surgery (y/o)

19
13

46
40

51
20

Duration between seizure onset and surgery (yrs)

MRI findings/etiology
Surgical methods

cortical dysplasia and gliosis/congenital

Frontal Topectomy, MST

Normal/cryptogenic

Normal/cryptogenic

Local Gliosis/trauma

Frontal Topectomy, MST

Frontal Topectomy, MST

Frontal and temporal topectomy, MST,

thermocoagulation

motor, sensory

64

motor
72

motor and sensory

67

motor, sensory, language

41

Involve eloquent area
Follow-up period

class IB class III

class IIC

class IC

Outcomes (according to Engel's classification)

Abbreviations: Sz: seizure; CPS: complex partial seizures; GTCS: generalized tonic-clonic seizures; ECoG: electro-corticography; MST: multiple subpial cortical transection.
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The etiologies of them were listed at Table 1. After evaluating
the outcomes of these six patients, five were classified as
being class I and one as class III. The rate of a good outcome
was therefore 83.3% (5/6). We believed that a second epilepsy
surgery might be an option for patients with failed previous
epilepsy surgery [9,24—27], after complete pre-surgical and
intra-operative evaluation.

Reviewing the complications in our 30 patients, four pa-
tients received two surgeries during admission. The compli-
cation rate related to epilepsy surgery overall was 13.3% (4/30).
Three patients had epidural or subdural hematomas during
ECoG recording, and required another surgery before cytor-
eduction (10.0%, 3 in 30 patients); and only one had a mild
subdural hematoma after topectomy and received another
surgery later (3.3%, 1 in 30 patients). Previous studies showed
that most common complications during intra-operative
ECoG and epilepsy surgery were cerebrospinal fluid leakage
and subdural hematoma [28,29]. The major complication in
our patients were subdural hemorrhage that happened during
ECoG recording; no cerebrospinal fluid leakage, deep vein
thrombosis or sepsis were found [30]. Carefully monitoring
consciousness, neurological deficits and ECoG findings (such
as asymmetric decreased voltage) of these patients are
important in early detection.

There are several limitations to this study, including the
retrospective design, lack of a control group for AEDs adjust-
ments, and a lack of comparisons of ketogenic diet [2—4],
vagus nerve stimulation [25] or other techniques such as deep
brain stimulation.

Conclusion

In our experience, adequate resective surgery of temporal lo-
bectomy or lesionectomy, in combination with topectomy of
epileptic foci or MST over eloquent area may achieve good
surgical outcomes in patients with refractory epilepsy with
multiple epileptic foci with few and non-permanent neuro-
logical complications. In addition, although resective re-
operation is preferable, it should be performed in only care-
fully selected patients. Further studies are warranted to
confirm our results and the effect in complicated patients and
in patients who have failed surgery.
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