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Objective: Monitoring adverse effects related to epilepsy surgery is essential for quality control and for
counseling patients prior to the procedure. The aim of this study was to analyze the rates of complica-
tions related to epilepsy surgery following invasive monitoring and to classify them according to the
recently proposed protocol by the E-pilepsy consortium.
Methods: This is a retrospective study of collected data extracted from our routinely updated epilepsy
surgery database which consisted of 173 surgical procedures: 89 surgeries for insertion of subdural grids,
strips, and/or depth electrodes, and 84 resective surgeries. According to the protocol, complications were
defined as unexpected postoperative adverse events and were stratified into transient (lasting less than
6 months) and permanent deficits (lasting 6 months or longer). In addition, we reported patients with
postoperative psychiatric disturbances and calculated the rates of transient and permanent postoperative
sequelae which were defined as expected postoperative deficits deemed inherent to the surgical proce-
dure.
Results: Six potentially life-threatening complications requiring acceleration of the planned resective sur-
gery occurred during invasive monitoring. Following resective surgery, 12 transient sequelae (8 motor
deficits, three language deficits, and one transient dyscalculia) and 10 permanent sequelae (5 mild mem-
ory disturbances, four visual field cuts, and one contralateral dysesthesia) occurred. In addition, 7 patients
experienced transient motor complications. Four permanent postoperative neurological complications
(4.8%) occurred: motor deficits in three patients and a partial peripheral facial palsy in one. Finally, five
patients developed de novo psychiatric disturbances (transient in four and permanent in one).
Conclusions: This is the first study to classify complications of epilepsy surgery according to the E-pilepsy
consortium protocol. Our findings demonstrate that epilepsy surgery following invasive monitoring is
safe and associated with low morbidity when performed in specialized centers. Monitoring these compli-
cations according to a unified definition and using a multidimensional protocol will allow for a direct
comparison across epilepsy surgery centers, will provide the epileptologists and surgeons with objective
percentages to share with their patients and will help in identifying risk factors and improving the safety
of epilepsy surgery.

� 2022 Elsevier Inc. All rights reserved.
1. Introduction

Despite the improvement in the safety and efficacy of epilepsy
surgery, it remains one of the most underutilized accepted thera-
pies in the field of medicine [1]. This is in large part due to hesi-
tancy from patients and physicians to consider this treatment
option, either from fear of the consequences and complications of
surgery or from lack of information about its potential benefits [1].

A systematic review of complications of epilepsy surgery docu-
mented a low rate of postoperative morbidity and attempted to
alleviate fears and misconceptions regarding its safety [2]. In addi-
tion, the benefit–risk ratio trend of epilepsy surgery seems encour-
aging with improved postsurgical outcomes and a stable low rate
of complications despite an increase in the complexity of the cases
[3].
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Monitoring the adverse effects related to both the diagnostic
and therapeutic components of epilepsy surgery is essential for
quality control. Furthermore, the publication of the rates of com-
plications will, along with outcome data, enable comparisons
between various surgical procedures across different epilepsy sur-
gery centers and identify risk factors for these complications [4].
There is a literature gap regarding the reporting of these quality
measures from the Arab world despite the region being among
the highest in the world in incident cases of surgically treatable
epilepsy [5]. In fact, only a handful of surgical series from this
region have been published that largely focused on surgical out-
come and financial burden but did not provide data into frequen-
cies and types of complications [6–8].

The aim of this study was to analyze the rate of complications
(defined as unexpected postoperative deficits) related to epilepsy
surgery following invasive monitoring in a tertiary epilepsy center
in Lebanon and to classify them according to the recently proposed
protocol by the E-pilepsy consortium [9]. In addition, we calculated
the rate of sequelae (defined as expected postoperative deficits
deemed inherent to the surgical procedure) and separately identi-
fied patients with postoperative psychiatric disturbances.
2. Materials and methods

This is a retrospective study of collected data extracted from our
routinely updated epilepsy surgery database. It includes 89 consec-
utive patients with refractory localization-related epilepsy who
underwent invasive video-electroencephalography (EEG) monitor-
ing from June 2008 until June 2019. A total of 173 surgical proce-
dures were performed: 89 surgeries for insertion of subdural
grids, strips, and/or depth electrodes, and 84 resective surgeries.
Six of the resections were repeat surgeries due to persistent sei-
zures. The previous surgeries performed on these patients are not
included in the present cohort (four were performed at outside
medical centers and two were done at our institution before the
inclusion period).

All included patients had a presurgical evaluation characterized
by a clinical history and physical exam, video-EEG monitoring, and
an epilepsy protocol magnetic resonance imaging (MRI) of the
brain. When the epileptogenic zone (EZ) was unclear, the evalua-
tion included voxel-based morphometry of the brain MRI [10], a
brain positron emission tomography (PET) scan, and single-
photon emission computerized tomography (SPECT) with co-
registration to MRI (SISCOM). In selected patients, functional MRI
of motor and language cortices, diffusion tensor imaging (DTI),
and an intracarotid amobarbital injection (Wada test) were per-
formed. The results of the noninvasive evaluation (phase 1 presur-
gical evaluation) were discussed at the refractory epilepsy
conference during which a decision was made to either perform
a one stage surgery or to proceed with invasive monitoring (phase
2 presurgical evaluation) when the data failed to clearly delineate
the EZ. At our center, invasive monitoring was mostly performed
via the insertion of subdural grids and strip electrodes with or
without implantation of additional depth electrodes with the cov-
erage tailored to each case [11]. When the planned resection was in
proximity to possible eloquent cortices, extra-operative language
and motor mappings were performed.

Our surgical protocol included the prophylactic use of a second-
generation cephalosporin and the administration of dexametha-
sone. The antibiotic and dexamethasone were initiated on the
day of electrode implantation, with discontinuation of the antibi-
otic and tapering of the steroid on the first day after resection.

Medical venous thromboembolism (VTE) prophylaxis was not
part of our protocol. Patients were evaluated by the epileptologist
at two weeks, three months (with a three-hour sleep deprived EEG
2

and an epilepsy protocol brain MRI), six months, and one year
postoperatively, and then on a yearly basis. At each follow-up visit,
patients were examined and asked about the occurrence and tim-
ing of seizures, if any, as well as any adverse event. Those data
were then entered into our epilepsy surgery database at the end
of each visit.

Complications were retrospectively classified according to the
later published proposed protocol by the E-pilepsy consortium
which specifies perioperative neurological deficits, impact of com-
plications, duration of invasive monitoring, length of stay, and per-
manent morbidity [9]. According to the protocol, complications
were defined as unexpected postoperative adverse events and sub-
divided into transient deficits (lasting for less than 6 months) and
permanent deficits (lasting 6 months or longer) [9]. In addition,
expected deficits deemed inherent to the surgical procedure were
defined as sequelae and subdivided into transient (lasting for less
than 6 months) and permanent (lasting 6 months or longer). The
modified Rankin scale (mRS), validated in several neurosurgical
conditions [12], was used to assess the effect of complications on
activities of daily living. Seizure outcomes were reported according
to the simplified Engel’s classification [13].

This study was approved by the Institutional Review Board at
the American University of Beirut Medical Center.

2.1. Statistical analyses

For descriptive statistics, continuous variables were presented
as mean, and categorical variables were presented as proportions.
To explore the relationships between different variables, chi-
square test was used for categorical variables; independent sam-
ples test was performed for continuous variables. The P value
was considered significant if less than 0.05. All data were analyzed
using SPSS version 24.0.
3. Results

3.1. Demographics

A total of 89 patients (49 men and 40 women) operated on
between June 2008 thru June 2019 were included in this study.
There were 48 adults and 41 children, none of whom exhibited
any preoperative focal neurologic deficit. The mean ages at the
time of surgery for the adults and children were 28.9 years (range:
18–53 years) and 11.2 years (range: 1.5–17.5 years), respectively.

Grids and strips were placed on 43 patients while 44 patients
underwent a hybrid procedure (grids and strips as well as implan-
tation of depth electrodes). Two patients were only evaluated with
stereotactic depth electrodes.

The mean and median durations of invasive monitoring were
four days (range: 1–8 days) while the mean and median lengths
of hospitalization were 7.9 and 8 days, respectively (range: 4–
15 days). During the phase of invasive monitoring, enough seizures
were recorded on all patients to allow finalization of the surgical
plan.

3.2. Neuroimaging results

Forty-eight patients (53.9%) had evidence of an epileptogenic
lesion on the brain MRI. Fourteen patients had mesial temporal
sclerosis, cortical dysplasia was diagnosed in 12, 9 had evidence
of encephalomalacia with gliosis (post-traumatic, post-ischemic
or post-infectious), three were diagnosed with tuberous sclerosis,
and miscellaneous findings were seen in 10 (cavernoma in two,
neuroglial tumor in two, hemispheric atrophy in two, and
Sturge–Weber, polymicrogyria, heterotopia, and amygdalar
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enlargement in one patient each). The remaining 41 patients
(46.1%) had a non-lesional epilepsy protocol brain MRI.

3.3. Wada test

Fifteen patients underwent the Wada test as part of their
presurgical workup. There were no reported complications associ-
ated with the test including seizures, strokes/transient ischemic
attacks, dissections, allergic reactions to contrast, or hemorrhage
at the catheter insertion site.

3.4. Complications related to invasive diagnostic procedures

3.4.1. Acute medical complications
There were no acute medical complications to be reported.

3.4.2. Acute surgical complications
There were no cerebrospinal fluid (CSF) leaks, wound infections,

or VTE to be reported.

3.4.3. Technical issues
One patient pulled his electrodes following a seizure on day

four post grid implantation. However, this issue did not impact
the surgery since the patient already experienced enough seizures
allowing finalization of the surgical plan.

The strips and grids’ placement on one additional patient
needed adjustment. Since this resulted in an additional unplanned
surgical intervention for repositioning of the strips and grids, this
patient was included as having experienced a perioperative com-
plication as per the recommendations of the E-pilepsy protocol
(see below).

3.4.4. Neurological complications
A total of 6 patients (6.7%) had neurological complications after

the first surgery related to the placements of electrodes and inva-
sive monitoring. Those patients developed an alteration in their
level of consciousness, isolated in two patients and associated with
hemiparesis in three (transient in two and persistent in one) and
transient dysphasia in one (Table 1).

3.4.5. Impact of perioperative complications
Four out of the 6 patients who experienced neurological com-

plications were found to have subdural hematomas with 1.0–1.4-
cm midline shifts and two had cerebral edema on post-
implantation head CT (Fig. 1). These patients with symptomatic
potentially life-threatening complications required acceleration
of their planned resective surgeries. They were treated with ster-
oids and mannitol and immediately taken to the operation room
for explantation of the electrodes and resective surgery. Since
enough data were already acquired on those patients, the compli-
cations did not impact on their surgical plans. The mean length of
stay for those patients was 9.5 days, which was comparable to the
length of stay of the whole cohort.

Moreover, one patient required an additional unplanned surgi-
cal intervention for repositioning of the strips and grids, which
resulted in a perioperative complication rate of 7/89 (7.9%).

3.5. Complications and sequelae following resective surgery

Five patients did not undergo surgical resection because of mul-
tiple independent ictal onset zones or due to inability to localize
the ictal-onset zone. Of the 84 patients who underwent a resection,
41 had a unilobar resection, 42 had a multilobar resection, and iso-
lated multiple subpial transections (MST) without resection were
performed in a single patient.
3

3.5.1. Sites of resections
Of the 41 patients who underwent a unilobar resection, the

resection was limited to: the frontal lobe in 18 patients (dominant
hemisphere in 9 patients and non-dominant side in 9), the tempo-
ral lobe in 15 patients (dominant hemisphere in 7 patients and
non-dominant side in 8), the parietal lobe in 5 patients (dominant
hemisphere in three patients and non-dominant side in two), the
occipital lobe in two patients, and the insula on the dominant
hemisphere in one patient.

Of the 42 patients who underwent a multilobar resection, the
areas resected were: fronto-temporal in 12 patients (three domi-
nant and 5 with additional MST), fronto-parietal in 6 (four domi-
nant and two with MST), fronto-temporo-insular in three (all
non-dominant), non-dominant fronto-temporo-parieto-insular in
one, dominant fronto-insular in one, temporo-occipital in two
(one dominant), temporo-insular in four (one dominant),
temporo-parieto-occipital in 6 (one dominant), temporo-parietal
in four (two dominant and one with MST), temporo-occipital in
two (one dominant), and fronto-temporo-insulo-parieto-occipital
with MST in one (subtotal hemispherotomy with motor sparing
on the non-dominant side).
3.5.2. Postoperative neurological deficits
Of the 84 patients who underwent a resection, 55 (65.5%) had

no detectable deficits postoperatively. The remaining 29 patients
experienced a total of 33 postoperative neurological deficits which
were subdivided into sequelae (expected deficits inherent to the
surgery) and complications (one patient had three deficits, and
two patients experienced two deficits each) (Table 2). The rates
of postoperative deficits were 35.6% in adults and 33.3% in chil-
dren, a difference that was not statistically significant (P = 0.8).
The corresponding rates for patients operated on the dominant
and non-dominant hemispheres were 42.4% and 29.4%, respec-
tively (P = 0.2). There was also no significant difference in the rate
of postoperative deficits between patients who underwent a unilo-
bar (31.7%) or a multilobar (35.7%) resection (P = 0.7).

The most common deficit was a contralateral paresis experi-
enced by 18 patients (hemiparesis in 13, central facial palsy in
three and monoparesis in two). This deficit was transient in 15
patients (8 sequelae and 7 complications) with complete recovery
achieved in the first few weeks following the operation (Table 2).
However, the paresis was permanent in three patients with more
details to be discussed in a subsequent section.
3.5.3. Sequelae
A total of 22 sequelae (12 transient and 10 permanent) occurred

following surgery (Table 2). Transient motor sequelae occurred in 6
patients following multiple subpial transections over the motor
cortex, in one patient with transient right hand weakness following
resection of a cortical dysplasia within the left precentral gyrus,
and in one patient with transient facial weakness after corticec-
tomy of part of the face motor area [14]. The remaining transient
sequelae consisted of mild language deficits characterized by
word-finding difficulties following a dominant frontotemporal
resection in three patients, and dyscalculia following a resection
that included part of the dominant inferior parietal lobule in one
patient (Table 2).

Permanent sequelae consisted of a mild memory deficit which
occurred in five patients whose surgeries included resection of
the mesial structures of the dominant temporal lobe, a visual field
cut in four patients following resections of the respective con-
tralateral occipital lobe, and a contralateral dysesthesia following
a partial resection of the primary somatosensory cortex in one
patient (Table 2).



Table 1
Perioperative complications post-implantation of grids, strips, and depth electrodes.

Patient Procedure Complications Impact/Intervention Length Permanent mRS
of Symptoms
Stay (days)

1 SG and
strips

Strip repositioning Unplanned surgical intervention for repositioning
of strips

10 No 0

2 SG and
strips

Decreased LOC and left hemiparesis from SDH with
1.1 cm midline shift

Immediate evacuation of SDH with acceleration of
resective surgery

10 No 0

3 SG and
strips

Decreased LOC and dysphasia from SDH with 1.0 cm
midline shift

Immediate evacuation of SDH with acceleration of
resective surgery

8 No 0

4 SG, strips,
and DE

Decreased LOC and left hemiparesis from SDH with
1.1 cm midline shift

Immediate evacuation of SDH with acceleration of
resective surgery

9 No 0

5 SG and
strips

Decreased LOC due to grid mass effect Immediate explantation of electrodes and
acceleration of resective surgery

8 No 0

6 SG and
strips

Decreased LOC due to grid mass effect Immediate explantation of electrodes and
acceleration of resective surgery

12 No 0

7 SG, strips,
and DE

Decreased LOC and right hemiparesis from SDH with
1.4 cm midline shift

Immediate evacuation of SDH with acceleration of
resective surgery

10 Yes 2

Abbreviations: SG, Subdural grids; DE, Depth electrodes; SDH, Subdural hematoma; LOC, Level of consciousness; mRS: Modified Rankin scale.

Fig. 1. CT scan showing a 2.3-cm subdural hematoma with 1.2-cm midline shift on day 3 following grid implantation.

Table 2
Postoperative neurologic sequelae and complications following resective surgery.

Deficits Number Sequelae or Complications Transient or Permanent (n)

Memory 5 Sequelae Permanent
Visual fields 4 Sequelae Permanent
Dysesthesia 1 Sequela Permanent
Language 3 Sequelae Transient
Dyscalculia 1 Sequela Transient
Motor 8 Sequelae Transient

10 Complications Transient (7), Permanent (3)
Peripheral facial palsy 1 Complication Permanent
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3.5.4. Transient complications
There was a total of 7 transient complications (8.3%) which

occurred in 7 patients, all of which consisted of contralateral motor
deficits (mild hemiparesis in four, mild central facial weakness in
two and mild hand paresis in one) (Table 2).

Following a frontotemporal resection, two patients developed a
transient hemiparesis with the postoperative MRIs revealing
infarcts in the posterior limb of the internal capsule. Two addi-
tional patients experienced a transient central facial weakness,
one following a temporal resection, and the other following a
resection adjacent to the frontal operculum. In the last three
patients, the resection site was bordering the primary motor
cortex.
4

3.5.5. Permanent complications
A total of four permanent neurological complications occurred

in four patients resulting in a complication rate of 4.8% (Table 3).
Patient#1 is an adult woman with MRI-negative refractory focal

epilepsy who underwent a resection of the left prefrontal cortex in
addition to a left anterior temporal lobectomy. Postoperatively, the
patient suffered from an unexpected permanent injury to the left
frontal branch of the facial nerve. A postoperative MRI only
revealed the expected postsurgical gliosis. The patient has
remained seizure free since the surgery.

Patient#2 is a teen girl with a prolonged history of epilepsy. She
underwent a thermal ablation of the supplementary somatosen-
sory motor area (SMA) in another country that was complicated



Table 3
Permanent complications post resective surgery.

Patient Procedure Complications Impact/
Intervention

Length of
Stay

mRS Engel Class
Outcome

1 Left frontotemporal + MST Partial peripheral facial
palsy

None 13 1 I

2 Right fronto-parietal Left hemiparesis None 12 2 I
3 Left fronto-parietal Right leg paresis None 7 2 I
4 Left temporo-parieto-occipital and

amygdalohippocampectomy
Right leg paresis None 10 2 II

Abbreviations: mRS: Modified Rankin scale; MST: Multiple subpial transection.
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by a cerebral hematoma with no change in her seizure frequency. A
subsequent surgery at the same center was performed during
which the SMA and cingulate gyrus were resected. However, the
resective surgery failed to improve her seizure frequency. After a
repeat evaluation at our institution, we extended the resection to
involve part of the right mesial prefrontal and parietal cortices. Fol-
lowing the resection, the patient had a transient abulia and mutism
and a permanent mild to moderate left-sided hemiparesis but
became seizure free.

Patient#3 is an adult man with MRI-negative refractory focal
epilepsy. Post-processing voxel-based morphometry showed an
abnormal junction z score in the left mesial sensory area
(Fig. 2A). A two-stage surgery was performed with resection of
the left mesial sensory cortex; the pathology was diagnostic of a
focal cortical dysplasia type IIB. Postoperatively, the patient was
found to have a right lower extremity paresis with an excellent
recovery of his proximal strength but with a permanent weakness
of right foot dorsiflexion. His post-op MRI showed evidence of
injury to the inferior mesial primary motor cortex and descending
motor tract (Fig. 2B). The patient remained seizure free since his
surgery.

Patient#4 is an adult man with MRI-negative refractory focal
epilepsy since infancy. His evaluation documented two separate
ictal zones originating from the left mesial parieto-occipital and
left temporal regions. On day four following insertion of the grids
and strips, the patient developed a right lower extremity weakness
associated with a decreased level of consciousness and was found
to have a subdural hematoma with a 1.4-cm midline shift. The
electrodes were immediately explanted, the hematoma was evac-
uated, and he underwent a partial resection of the left parieto-
temporo-occipital head region. His habitual seizures recurred three
weeks after his surgery and he was left with a permanent paresis of
his right leg, predominantly affecting his foot. His postoperative
brain MRI showed gliosis around the surgical margin with probable
injury to the left mesial primary motor cortex and descending
motor tract (Fig. 3). The patient was also diagnosed with a perma-
nent de novo psychosis postoperatively (further details are men-
tioned in the subsequent paragraph).
3.5.6. Postoperative psychiatric disturbances
Four patients experienced de novo transient psychiatric distur-

bances (4.8%). These consisted of transient abulia, mutism and
depression in two patients, childish behavior in one patient and
mild depressive symptoms in one patient. These deficits occurred
after surgery on the dominant hemisphere in two patients and
the non-dominant side in the other two. In addition, the resection
sites were different across those patients: dominant parietal and
fronto-temporal as well as non-dominant frontal and fronto-
parietal.

One adult man (1.2%), patient#4, experienced frequent interic-
tal episodes of psychosis following his operation. His permanent
psychotic disorder is still present two years postoperatively with
5

the patient requiring treatment with antidepressants and
antipsychotics.

3.6. Long-term seizure outcomes

Of the 84 patients who underwent resective surgery, long-term
seizure outcomes after a mean follow-up duration of 54.4 months
were available on 81 patients: 55 (67.9%) were classified as Engel
class I, 13 (16.0%) as class II, 7 (8.6%) as class III, and 6 (7.4%) as
class IV seizure outcome. For the 76 patients with at least two
years of follow-up since their surgeries, the Engel seizure outcomes
at two years postoperatively were: 54 (70.1%) were classified as
Engel class I, 15 (19.5%) as class II, 3 (3.9%) as class III, and 4
(5.2%) as class IV seizure outcome.
4. Discussion

Epilepsy surgery can be associated with various neurologic
complications which may occur during the invasive monitoring
or following resection of the epileptogenic focus [2]. This is the first
study to classify complications of epilepsy surgery according to the
multidimensional protocol proposed by the E-pilepsy consortium
[9]. In addition, we reported the sequelae inherent to the surgical
procedures as well as the postoperative psychiatric disturbances.

In our study, we had six symptomatic neurological complica-
tions (6.7%) related to electrode implantation, all requiring urgent
explantation of the electrodes and resection of the epileptogenic
focus but only one of which may have contributed to a permanent
postoperative motor deficit (1.1%). Our findings are within the 1.8–
12.1% range of complications due to invasive monitoring reported
by a systematic review of 21 studies [15], and comparable to a
study that reported an overall symptomatic complication rate of
4.1%, which was permanent in 0.6% [16]. Symptomatic subdural
hematomas associated with a decreased level of consciousness
occurred in four patients (4.5%), while two additional patients
(2.2%) had symptomatic cerebral edema, rates comparable with
previous studies [15–19]. These complications are thought to be
related to the size and number of inserted grids and strips, and
duration of monitoring [16,17]. Our 4.5% rate of symptomatic
hematoma collections was higher than the 2.2% rates reported by
Hedegärd et al. and Schmidt et al. [16,17]. This could be due to
the high number of non-lesional epilepsies in our series which
required a larger number of subdural electrode coverage, resulting
in a higher risk of cortical laceration by the grids’ sharp edges. To
minimize these complications, the minimal necessary number of
electrodes should be used provided it allows for a comprehensive
coverage of the areas being evaluated. In order to prevent cortical
lacerations and subsequent subdural hematomas, it is also impor-
tant to eliminate any sharp edges on the grids when they are cut to
smaller sizes to fit the targeted region [19]. When compared to
subdural grids and strips, stereo-electroencephalography (SEEG),
increasingly used by different centers around the world nowadays,
was associated with lower rates of complications related to SEEG



Fig. 2. MRIs of Patient#3. (A) Axial and sagittal FLAIR preoperative MRI displaying the right frontal cortical dysplasia with increased z-score on junction VBM. (B) Axial and
sagittal T1 postoperative MRI displaying postsurgical gliosis after resection of the right frontal cortical dysplasia with injury to the inferomesial motor cortex and descending
motor fibers.

Fig. 3. MRI of Patient#4. Axial and sagittal T1 and FLAIR postoperative MRI with associated postsurgical gliosis and probable injury to the inferomesial motor cortex and
descending motor fibers.
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insertion and monitoring with a pooled prevalence of 1.3% as
reported by a recent meta-analysis [20].

In contrast to some studies [4,18,21,22], there were no surgical
site infections or CSF leaks in our series. This can be attributed to
the use of antibiotic prophylaxis and the short duration of invasive
monitoring. To prevent CSF leaks, a tunneler was used to external-
ize the electrodes and a purse ring suture was placed around the
exit site. Furthermore, we used a commercial hemostatic agent to
fill the gaps and sometimes applied a dural graft during closure
[23].

Our permanent complication rate was 4.8%, a percentage simi-
lar to the 5.2% reported in the feasibility study of the protocol [9]. It
is however difficult to compare our findings to those of previous
studies because of various definitions used for reporting complica-
tions [2]. The closest definition to the one recommended by the
protocol was used in a large prospective study that reported a 3%
complication rate [4]. Our rate of permanent postoperative compli-
cations was greater than the 2.3% and 3.0% reported by Behrens
et al. and Bjellvi et al., respectively [4,18]. Our higher rate of com-
plications is likely related to the elevated percentage of patients
who underwent multilobar resections in our series (50%), com-
pared to the rates of 0.7%–2.2% in the other two studies [4,18]. In
6

fact, all the patients in our series who experienced permanent
postoperative complications had a non-lesional epilepsy and
underwent multilobar resections. A systematic review of 76 epi-
lepsy surgical series reported a 4.7% frequency of ‘‘major complica-
tions”, a percentage which included ‘‘major sequelae” [2]. Our rate
of complication was lower than the 7.4% figure reported in a recent
Cochrane review [24]; the latter percentage is however an overes-
timate since many of the included studies failed to specify whether
the complications were transient or permanent [24].

The most common permanent complication in our series was a
motor deficit, which occurred in 3.6% of patients. In all these cases,
the deficit occurred following a mesial fronto-parietal resection
involving or proximate to the paracentral lobule. Those complica-
tions occurred despite identification of the motor cortex via func-
tional MRI, extra-operative motor mapping, and identification of
the descending motor tracts by DTI. In addition, the surgical plan
using microsurgical techniques and navigation systemwas tailored
to resect the ictal onset zone and areas involved in early propaga-
tion. However, on occasions, the resection was extended because of
persistent detection of malignant interictal spikes on intraopera-
tive electrocorticography, which increased the risk of damaging
the cortical or subcortical motor pathways. It is well established
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that resection within or adjacent to the paracentral lobule is diffi-
cult because of the narrow field of view, presence of bridging veins
[25], and inconsistent association between sulcal landmarks and
cytoarchitectonic borders of Broadman area 4 [26]. To minimize
those complications, we started performing awake craniotomies
and intraoperative mapping of the descending motor pathways
via subcortical white matter stimulation [25,27,28] whenever a
resection adjacent to the motor cortex was planned.

Seven additional patients experienced transient motor deficits
with small infarcts in the posterior limb of the internal capsule
seen on the postoperative MRI of two patients who underwent
frontotemporal resections. This complication, probably due to
ischemic events in the anterior choroidal artery (AChA) distribu-
tion, has been reported following temporal lobe epilepsy surgery
with outcomes ranging from complete recovery to lasting hemiple-
gia [29]. The most likely causes of this complication are an injury to
the AChA at its entry into the choroid plexus, an injury to a perfo-
rator, or a cerebral vasospasm especially after a transsylvian
approach [29,30]. To minimize this risk, knowledge of the anatom-
ical variations of the AChA is essential since it occasionally curves
between one of the hippocampal sulci [29]. Furthermore, avoiding
suctioning of the plexus, respecting a line extending from the chor-
oidal point to the middle cerebral artery bifurcation, or adopting a
sub-temporal approach will minimize the chance of interference
with the vessels [29].

The case of partial peripheral facial nerve palsy post frontotem-
poral resection was added as a complication since, according to the
E-pilepsy protocol, it represents both a neurologic and a persistent
major cosmetic deficit which could negatively impact the patient’s
quality of life [9]. Interestingly, facial palsy has been reported as a
rare complication of temporal lobectomy with two potential mech-
anisms proposed [33]: an indirect inflammation of the nerve
resulting in herpesvirus reactivation or an indirect thermal damage
to the geniculate ganglion [33]. In our case, a thermal injury is unli-
kely because of the selective damage of the frontal branch with the
deficit probably secondary to an injury to the facial nerve during
the interfascial dissection of the scalp flap. To minimize the risk
of this cosmetic/neurologic complication, the dense tissue within
the galeal temporal region needs to be approached with caution,
avoiding the use of electrocautery and sharp dissection [34]. At
our center, we modified our surgical approach by performing a
myocutaneous flap for temporal lobectomies, thus avoiding the
need for interfascial dissection.

Five patients experienced postoperative psychiatric distur-
bances (6.0%), transient in four and permanent in one. Our 1.2%
rate of unexpected permanent postoperative psychosis is nearly
identical to the 1.1% rate of de novo psychosis reported in a large
prospective study of patients who underwent epilepsy surgery
[31]. In a systematic review, 1.1%–18.2% of patients developed de
novo psychiatric disturbances following epilepsy surgery with
milder psychiatric issues being the most frequent [32]. An interest-
ing finding in our study was the unpredictable occurrence of psy-
chiatric disturbances since they occurred following surgeries on
either hemisphere and after resection of parts of different lobes.
This finding is similar to the one reported by Devinsky et al. [31]
who concluded that neither lateralization nor localization pre-
dicted the development of psychiatric deficits following epilepsy
surgery. This will make it difficult to avoid the occurence of such
disturbances until we have a better understanding of the relation-
ship between disruptions of specific functional networks and
emergence of psychopathology. Although serious psychiatric
adverse events are not to be reported as postoperative complica-
tions according to the E-pilepsy protocol, we elected to describe
these disturbances because of their potential negative impact on
the quality of life of patients. Furthermore, the authors of the pro-
tocol did recommend that these psychiatric disturbances be
7

recorded by every center and hinted at their possible inclusion as
complications in future versions of the protocol [9].

One of the limitations of this study is the retrospective nature of
our analysis which could have resulted in an increased risk of
reporting bias, especially in the documentation of minor complica-
tions. In addition, the scarce use of stereotactically implanted
depth electrodes may affect the generalizability of our findings.
However, our data complement those of the feasibility study of
the proposed E-pilepsy protocol which mostly included stereotac-
tic electrode implantations [9]. Furthermore, no formal pre- and
post-op neuropsychological assessment was performed due to
financial constraints which could have hindered our ability to
detect subtle impairments in cognitive function. Finally, we did
not keep track of the number of electrodes implanted in each
patient which prevented us from correlating some of the complica-
tions with the total number of implanted electrodes.

It is useful for every center to assess the complication rate of
epilepsy surgery to identify the risks associated with different pro-
cedures and to introduce new surgical or monitoring approaches to
minimize their occurrence as was implemented in our program.
Monitoring these complications will also allow for a direct compar-
ison across different epilepsy surgery centers, and will provide the
epileptologists and surgeons with objective percentages to share
with their patients during pre-surgical counseling. Therefore, stan-
dardization of the methods of data collection as well as agreement
on a unified definition of a ‘‘complication”, as proposed by the E-
pilepsy consortium protocol, is of paramount importance to all
parties [4,9]. Our findings demonstrate that epilepsy surgery fol-
lowing invasive monitoring is safe and associated with low mor-
bidity when performed in specialized centers.
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