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1 | INTRODUCTION

Abstract

Insular epilepsy (IE) is an increasingly recognized cause of drug-resistant epilepsy
amenable to surgery. However, concerns of suboptimal seizure control and per-
manent neurological morbidity hamper widespread adoption of surgery for IE.
We performed a systematic review and individual participant data meta-analysis
to determine the efficacy and safety profile of surgery for IE and identify predic-
tors of outcomes. Of 2483 unique citations, 24 retrospective studies reporting on
312 participants were eligible for inclusion. The median follow-up duration was
2.58years (range, 0-17years), and 206 (66.7%) patients were seizure-free at last
follow-up. Younger age at surgery (<18years; HR = 1.70, 95% CI = 1.09-2.66,
P =.022) and invasive EEG monitoring (HR = 1.97,95% CI = 1.04-3.74, P = .039)
were significantly associated with shorter time to seizure recurrence. Performing
MR-guided laser ablation or radiofrequency ablation instead of open resection
(OR = 2.05, 95% CI = 1.08-3.89, P = .028) was independently associated with
suboptimal or poor seizure outcome (Engel II-IV) at last follow-up. Postoperative
neurological complications occurred in 42.5% of patients, most commonly motor
deficits (29.9%). Permanent neurological complications occurred in 7.8% of sur-
geries, including 5% and 1.4% rate of permanent motor deficits and dysphasia,
respectively. Resection of the frontal operculum was independently associated
with greater odds of motor deficits (OR = 2.75, 95% CI = 1.46-5.15, P = .002).
Dominant-hemisphere resections were independently associated with dysphasia
(OR =13.09, 95% CI = 2.22-77.14, P = .005) albeit none of the observed language
deficits were permanent. Surgery for IE is associated with a good efficacy/safety
profile. Most patients experience seizure freedom, and neurological deficits are
predominantly transient. Pediatric patients and those requiring invasive moni-
toring or undergoing stereotactic ablation procedures experience lower rates of
seizure freedom. Transgression of the frontal operculum should be avoided if it
is not deemed part of the epileptogenic zone. Well-selected candidates undergo-
ing dominant-hemisphere resection are more likely to exhibit transient language
deficits; however, the risk of permanent deficit is very low.
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surgery to be feasible, albeit with variable seizure freedom
rates and a non-negligible neurological morbidity profile.

Insular epilepsy (IE) is a rare form of drug-resistant epi-
lepsy (DRE), comprising under 3% of cases investigated at
tertiary epilepsy centers." However, recognition of IE as a
significant cause of DRE has increased since its contempo-
rary definition in 2004.>"* Increased safety of both open”™®
and stereotactic electroencephalography (SEEG) electrode
placement in the insula and peri-Sylvian region®”°"* has
led to increased detection of IE in many centers around
the world.>%111921-32 Qyer the last 15years, several in-
stitutions have reported their experience with resective
surgery for IE.*'62172729733 Thege studies have shown IE

Consequently, widespread adoption of IE surgery has
been hampered, primarily due to concerns of its efficacy®
and safety®® profile and perceived “unfavorable risk-to-
benefit ratio”.**°

Safety concerns for IE surgery are related to the com-
plex and eloquent cortical anatomy of the insular-peri-
Sylvian region. The insula harbors diverse functions and
is draped by functional opercular cortices and Sylvian
arteries,33 making resections in the operculoinsular re-
gion both technically challenging and associated with
non-negligible neurological risks. Motor and language
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deficits may arise directly from microsurgical resection,
transgression, or retraction of functional peri-Sylvian cor-
tical regions or indirectly from cortical or subcortical mid-
dle cerebral artery (MCA)-territory ischemic stroke.’’*
While major technological advances have made micro-
surgical resection for IE safer, permanent neurological
impairment (eg, hemiplegia) rates exceed 20% in some
contemporary series.*>*’

Characterizing the rate of transient and permanent
deficits and their predictors may address concerns for
the safety of surgery for IE and facilitate patient coun-
seling. The identification of patient or operative variables
associated with postoperative neurological deficits has
the potential to refine surgical indications or modify the
surgical technique, respectively. Due to the perceived un-
favorable risk-to-benefit ratio,>* in particular concerns for
language complications in dominant-hemisphere IE,*
some centers have advocated for safer palliative neuro-
modulation approaches such as responsive neurostimu-
lation (RNS) instead of resective surgery in some patients
with IE deemed “unresectable”.*****2 Whether poten-
tially curative resective surgery should be replaced by
safer but less effective neuromodulation procedures re-
mains disputable.

While there is relatively good evidence that IE surgery
has good efficacy compared with extra-temporal epilepsy
(ETE),'®** the success rate is highly variable. Perceived
poor efficacy, in particular for some specific groups such
as those with non-lesional IE, has led some groups to
perform resective surgeries of the insular area for cir-
cumscribed structural lesions exclusively.**** Finally, the
landscape of “resective” epilepsy surgery has changed
over the last decade, with the application of minimally in-
vasive approaches, such as MR-guided laser thermal abla-
tion (MRgLA)*>** and radiofrequency ablation (RFA).*
These techniques lend themselves favorably to a “mini-
mally invasive paradigm” for IE surgery, especially when
combined with SEEG.*® While these stereotactic ablation
procedures are indeed less invasive, their outcome profile
compared with open resective surgery for IE has yet to be
systematically studied.

Due to the rarity of IE, the current available evidence
regarding seizure outcome and safety arises mainly from
single-center retrospective studies with small number of
patients and heterogeneous patient populations—limiting
the ability to draw firm conclusions and identify predic-
tors of outcome. Herein, we present an individual partici-
pant data (IPD) meta-analysis (IPDMA) of post-operative
outcomes in patients undergoing IE surgery.

The objectives of our study were twofold: (a) to describe
the efficacy of the surgical treatment of IE and identify
predictors of seizure recurrence and (b) to quantify the in-
cidence of neurological complications associated with the

Key Points

« Most patients undergoing surgery for insular
epilepsy (IE) experience postoperative seizure
freedom (66.3%), and only a minority (<8%) de-
velop permanent neurological deficits.

« Pediatric age and invasive EEG monitoring
are associated with shorter time to seizure
recurrence.

« Stereotactic ablation (MRgLA/RFA) is associ-
ated with a greater likelihood of seizure recur-
rence compared with open resection.

« While neurological complications are frequent
(42.5%), the vast majority are transient, and
most recover within 3 months of surgery.

+ Patients undergoing frontal operculum resec-
tion are at greater risk of motor impairment,
including hemiparesis.

o Surgery of language-dominant IE in well-
selected candidate is associated with a low rate
of postoperative dysphasia, which was tran-
sient in all cases in this study.

surgical treatment of IE and identify factors that predict
these complications.

2 | METHODS

2.1 | Search strategy

To select eligible articles, we conducted a systematic re-
view of the literature in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines.* The search strategy was
developed a priori but was not published and used permu-
tations of the following search terms and their variations:
“epilepsy” and “insulectomy.” To identify potentially eli-
gible studies, we conducted an electronic literature search
using 11 databases: Africa-Wide Information [Ebsco],
AMED [Ovid] (Allied and Complementary Medicine
Database), BIOSIS [Ovid], CINAHL [Ebsco] (Nursing
and Allied Health Literature), Cochrane [Wiley], Embase
[Ovid], Global Health [Ovid], LILACS (Latin American
and Caribbean Health Sciences), Medline [Ovid], PubMed
[NLM], and Web of Science [Thomson Reuters] for rel-
evant articles from database inception to January 19th,
2020, (performed by a librarian, E.G.). The search was
restricted to humans but with no language limitations.
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The results were entered into Endnote X7 (Thomson
Reuters) for systematic and manual removal of duplicates.
Following the selection of eligible studies, two reviewers
(S.0., W.S.) manually searched the bibliographic refer-
ences of our included studies for additional relevant arti-
cles. The complete search strategy and results are available
in Appendix S1.

2.2 | Eligibility criteria

In order to be included in this IPDMA, studies were
required to meet the following inclusion criteria: (a)
case—control, cohort, or randomized controlled trial meth-
odology, (b) consecutive participants (IPD series with a
minimum of two participants), (c) at least 80% of patients
underwent an insulectomy (+ extrainsular corticectomy)
for epilepsy due to non-neoplastic lesions or grade 1 neo-
plasms, and (d) seizure outcome was reported for indi-
vidual participants. Exclusion criteria for the studies were
the following: (a) single case reports, (b) reviews, (c) par-
ticipants undergoing insular surgery for Grade II (e.g. low
grade gliomas), IIT and IV neoplasms, (d) participants for
whom the insula was not at least partly resected (eg, pure
operculectomy were excluded), (e) participants undergo-
ing neuromodulation (eg, RNS, deep brain stimulation,
vagus nerve stimulation), (f) participants undergoing in-
vasive investigation (eg, SEEG or open sampling) with-
out resection, (g) IPD not available, and (h) non-human
subjects.

2.3 | Data extraction

For individual participants in studies that met the inclu-
sion criteria, we extracted the following information: sex,
age at epilepsy onset, age at surgery, epilepsy duration,
epilepsy etiology (dysplastic lesion or other), history of
previous epilepsy surgery, preoperative seizure frequency
(daily, weekly, or monthly), seizure semiology, preop-
erative imaging findings and concordance, scalp EEG
findings, use of intracranial electrodes or intraoperative
electrocorticography for invasive EEG monitoring, use
of MRgLA or RFA, side of handedness and hemispheric
dominance, side of surgery (left, right and whether per-
formed on the dominant side), type of operculoinsular
surgery, extent of insular, opercular, and extraopercular
resection, Engel class outcome, seizure freedom, seizure
recurrence, and time to first recurrent seizure and/or last
follow-up. For the etiology of epilepsy, both focal cortical
dysplasia and tuberous sclerosis were combined and in-
cluded into “dysplastic lesions.” Other etiologies included

cavernomas, gliosis, hippocampal sclerosis, Rasmussen's
encephalitis, and tumors.

Postoperative neurological deficits were also recorded
and classified as transient or permanent. Complications
were categorized as permanent if deficits were still pres-
ent at last follow-up. Deficits consisted of a variety of
motor and sensory deficits, dysarthria, dysphagia, and
dysphasia. Motor complications included facial or upper
extremity motor dysfunction and hemiparesis while sen-
sory complications included auditory dysfunction, neglect
syndrome, olfactogustatory dysfunction, general somato-
sensory changes, and visual field deficits.

The incidence of auras (e. pain or laryngeal constric-
tion during seizure), side of hemispheric dominance, and
postoperative dysphasia were reported both for the entire
cohort and excluding preschool age children (<6years)
as this subgroup is inherently different and is generally
unable to report subjective manifestations,*>**>* has
higher likelihood of atypical language representation (eg,
right-side or bilateral), and harbors neuroplasticity with
greater potential for postoperative language recovery,
respectively.’* >

Title and abstract screening was performed by two in-
dependent screeners with content expertise (S.O., W.S.),
and full-text review of screened studies was performed in-
dependently. A list of all articles screened was compiled.
Relevant studies were included in our final analysis if they
respected our eligibility criteria.

One reviewer (S.0.) performed data abstraction, veri-
fied by a second reviewer (A.W.). Authors removed dupli-
cate participants. In cases of identical cohorts described
in many articles, we considered only the most recent ar-
ticle. Corresponding authors of all included studies were
systematically contacted, and additional data were used
when supplied by the authors.

2.4 | Data classification

We performed data collection and categorization into
specific variables (Tables 1-3) according to predefined
definitions. Although most variables are self-descriptive
and encompass easily categorizable data, some required
the elaboration of specific definitions/inclusion criteria to
standardize data classification across studies.

In clinical characteristics (Table 1), “early/initial motor
semiology” was defined as motor signs exhibited at onset
of seizures or immediately following auras. We defined “>
two concordant studies” as two or more noninvasive im-
aging studies (MRI, PET, SPECT, and/or MEG) that over-
lapped with the epileptogenic zone (EZ) or the resection
cavity.
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TABLE 1 Clinical characteristics of
study population. . No.. of a
Variable Value patients
Total no. of patients 312
General
Sex (female) 133 (50.0%) 266
Age at epilepsy onset (y) 8.8+8.7 (0-48) 261
Age at epilepsy onset (<18y) 227 (87.0%) 261
Age at surgery (y) 20.8+12.8 (0.5-59) 306
Age at surgery (<18y) 177 (57.8%) 306
Age at surgery (<6Y) 31 (10.1%) 306
Epilepsy duration (y) 12.0+£9.9 (0-55) 256
Epilepsy etiology (dysplastic lesion) 149 (73.4%) 203
Previous stereotactic ablative or resective 74 (28.5%) 260
surgery
Epilepsy characteristics
Preoperative seizure frequency (daily) 93 (68.9%) 135
Generalized seizures 32(13.1%) 245
Early/initial motor semiology 147 (60.0%) 245
Laryngeal constriction during seizure 23 (14.4%) 160
Laryngeal constriction during seizure (excluding 18 (13.0%) 138
preschool children)
Pain during seizure 19 (11.9%) 159
Pain during seizure excluding (excluding 18 (13.1%) 137
preschool children)
Scalp EEG
Ictal lateralizing ictal discharges 175 (72.6%) 241
Interictal lateralizing interictal discharges 115 (74.7%) 154
Preoperative imaging
MRI lesion 155 (52.4%) 296
MRI insular/opercular lesion 117 (42.9%) 273
MEG insular spike cluster 94 (60.6%) 155
MEG concordant to the SEEG EZ or resection 116 (73.4%) 158
cavity
PET insular hypometabolism 78 (44.8%) 174
PET concordant to the SEEG EZ or resection 100 (52.4%) 191
cavity
Ictal SPECT insular activation 60 (52.6%) 114
SPECT concordant to the SEEG EZ or resection 69 (61.1%) 113
cavity
>2 Concordant imaging studies 107 (42.8%) 250
Note: Values are presented as number of surgeries (%), mean = SD (range).
Abbreviations: EEG, electroencephalogram; EZ, epileptogenic zone; MEG, magnetoencephalography;
MRI, magnetic resonance imaging; PET, positron emission tomography; SPECT, single photon emission
computed tomography.
“Number of patients for whom the information was available.
In operative characteristics and post-operative out-  right-handed (in which case dominance was set as left-

comes (Table 2), the side of dominance was recorded if  sided). The variable “entire epileptogenic zone removed”
(a) it was clearly stated in the article, (b) the result of an ~ was defined as any surgery that incorporated the intra-
fMRI or a WADA test was available, or (c) a patient was  cranial EEG-proven EZ or the MRI-evident epileptogenic
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TABLE 2 Operative characteristics and post-operative
outcomes of study population.

No. of
Variable Value patients®
Total no. of patients 312
Surgery
Side (Right) 176 (58.9%) 299
Dominant side (Yes) 53 (38.4%) 138
MRgLA or RFA 70 (22.4%) 312
Entire epileptogenic zone 160 (76.6%) 209
removed
Invasive EEG monitoring
Intracranial electrodes 264 (84.6%) 312
Intraoperative ECoG 29 (13.7%) 212
Type of operculoinsular surgery (resection of ablation)
Pure insulectomy 73 (27.1%) 269
Pure operculoinsulectomy 95 (36.1%) 263
Operculoinsulectomy plus 95 (36.1%) 263
Extent of insular surgery (resection or ablation)
Complete insulectomy 67 (30.7%) 218
Posterior insulectomy 135 (64.9%) 208
Extent of opercular surgery (resection or ablation)
Frontal 110 (43.3%) 254
Parietal 59 (23.0%) 257
Temporal 46 (19.2%) 240

Extent of operculoinsular plus surgery (resection or ablation)

Frontal lobectomy 58 (22.1%) 263
Temporal lobectomy or SAH 47 (17.9%) 263
Orbitofrontal corticectomy 20 (7.9%) 252
Duration of follow-up (y) 33+£2.5 308
0.1-17)
Postoperative seizure control outcome
Seizure recurrence 116 (37.5%) 309
Time to seizure recurrence (y) 1.3+1.3(0-7) 307
Engel Class I 206 (66.7%) 309
Engel Class IA 81 (75.0%) 108
Engel Class IB 17 (15.7%) 108
Engel Class IC 8 (7.4%) 108
Engel Class ID 2(1.9%) 108

Note: Values are presented as number of surgeries (%), mean + SD (range).
Abbreviations: ECoG, electrocorticography; MRgLA, MR-guided

laser ablation; RFA, radiofrequency ablation; SAH, selective
amygdalohippocampectomy.

*Number of patients for whom the information was available.

lesion entirely. “Pure insulectomy” was defined as an
open resective or ablative procedure (ie, MRgLA or RFA)
that was restricted to the insula, “pure operculoinsulec-
tomy” involved ablation or resection of the insula and any
portion of the operculum, while “operculoinsulectomy

plus” was defined as surgery that included but extended
beyond the operculo-insular region. Within the “extent
of opercular resection” category, an orbitofrontal surgery
was not considered a frontal operculum surgery unless
it was evident that the fronto-opercular region was in-
cluded or the surgery involved removal of a lesion ex-
tending from the insula to the frontal lobe. In addition,
we did not consider a temporal, frontal, and/or parietal
lobectomy to include the operculum unless it was clearly
stated or illustrated. An operation was categorized as
“operculoinsulectomy plus” if (a) it was clearly stated
that the surgery included but extended beyond the oper-
culum, (b) a lesionectomy was performed and included
a lesion that encompassed but extended beyond the
operculo-insular region, or (c) a frontal lobectomy, tem-
poral lobectomy, or an orbitofrontal resection was carried
out in addition to an operculo-insular region resection.
All cases of orbitofrontal resections that were not con-
sidered frontal opercular resections were included in the
“operculoinsulectomy plus” group.

With respect to postoperative complications (Table 3),
we defined “hemiparesis” as a contralateral motor deficit
of the upper extremity and lower extremity (required the
impairment of both extremities) with or without facial
weakness. “Isolated facial and/or upper extremity motor
dysfunction” was defined as lower extremity-sparing
weakness involving the contralateral upper extremity
and/or face. “Somatosensory changes” encompassed par-
esthesias, pain, and/or total or partial loss of sensation.

Ambiguous cases had no data collected, and we
deemed the information unavailable. We assumed that a
specific test (eg, noninvasive imaging and electrophysi-
ological investigations) was not performed only if it was
clearly mentioned. Otherwise, we judged the information
unavailable. Therefore, we only considered an investiga-
tion normal if the article explicitly stated that the test was
conducted and the results revealed no abnormal findings.

2.5 | Outcomes

The two outcomes of interest for each participant were (a)
seizure outcome and (b) postoperative neurological defi-
cits. Seizure outcome was assessed using the Engel clas-
sification at last follow-up and by measuring the time to
seizure recurrence. Seizure outcome at last follow-up was
categorized as good (Engel I) or suboptimal/poor (Engel
II-IV). We defined seizure recurrence as the occurrence of
any seizure excluding auras during the follow-up period
(ie, Engel IB were not classified as recurrences). Time to
first recurrent seizure for patients with seizure recurrence
and time to last follow-up for patients who did not expe-
rience recurrence were also recorded to perform a time-
to-event analysis. We estimated time to first recurrent
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Neurological complication Value
Total no. of patients with complication profile 221
No. of patients with postoperative complications 94 (42.5%)
Transient 74 (33.9%)
Permanent 17 (7.8%)
Transient duration <1 wk 5(2.5%)
Transient duration 1wk to 3mo 46 (22.5%)
Transient duration >3 mo 9 (4.4%)
Motor complications 68 (30.8%)
Transient 57 (26.1%)
Permanent 11 (5.0%)
Hemiparesis 46 (20.8%)
Isolated facial and/or UE motor dysfunction 22 (10.0%)
Sensory complications 23 (10.4%)
Somatosensory changes 9 (4.1%)
Visual field deficits 8 (3.6%)
Olfactogustatory changes 5(2.3%)
Auditory dysfunction 2(0.9%)
Neglect 1(0.5%)
Dysphasia 17 (7.7%)
Transient 14 (6.4%)
Permanent 3(1.4%)
Dysphasia (excluding preschool children) 16 (8.3%)
Transient 13 (6.9%)
Permanent 3(1.6%)
Dysphasia in dominant-hemisphere surgeries 8(16.3%)
Transient 8(16.3%)
Permanent 0 (0%)
Dysphasia in dominant-hemisphere surgeries 8 (17.4%)
(excluding preschool children)
Transient 8 (17.4%)
Permanent 0(0%)
Dysarthria 6(2.7%)
Dysphagia 1(0.5%)

Note: Values are presented as number of surgeries (%).
Abbreviation: UE, upper extremity.

“Number of patients for whom the information was available.

seizure to be half of the entire follow-up duration if not
explicitly mentioned in the included article.*®

2.6 | Evidence grading

Two reviewers (N.A.S, A.S.) critically appraised included
studies for quality and risk of bias, and disagreements
were reconciled via discussion. The quality of studies was
assessed using the GRADE framework (Table S1).”” The
ROBINS-I tool was used to denote the risk of bias for each

TABLE 3 Complication profile of the

No. of .
study population.

patients®

221
218
218
204
204
204
221
218
218
221
221
221
221
221
221
221
221
221
218
218
192
189
189

49

49

49

46

46

46
221
221

included study (Table S1).%® The risk of bias for this meta-
analysis was determined upon consideration of the risk of
bias of all included studies in aggregate.

2.7 | Statistical analysis

We calculated Cohen's Kappa score to evaluate the
strength of agreement for full-text review using a com-
puter software with the following thresholds for inter-
pretation: <0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as
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moderate, 0.61-0.80 as substantial, and 0.0.81 as almost
perfect agreement.>

Demographic, perioperative, and outcome character-
istics of the included patients were summarized using
descriptive statistics. Continuous variables were re-
ported using mean, standard deviation, and total range.
Categorical variables were reported using frequency and
proportion. Age at epilepsy onset and surgery was dichot-
omized into two categories (“<18years”, “>18years”) and
reported accordingly. Missing data were handled by the
multiple imputation by chained equations method.*® Only
variables with <40% of the data missing were included in
the imputation.®! Ten complete datasets were imputed for
each regression analysis, and parameters and standard er-
rors from the analysis were pooled according to Rubin's
rules.®

To account for the variability in follow-up among
included patients and heterogeneity between studies,
a mixed-effects Cox proportional hazards model was
constructed, with the study that the patient originated
from acting as the random-effects variable, to perform
a time-to-event analysis of seizure recurrence. Time-to-
event analyses are advantageous for the evaluation of
seizure outcomes because it accounts for both the dy-
namic nature of postoperative seizures and variability
in follow-up across patients by placing an increasingly
positive value on a longer delay to seizure recurrence
or follow-up duration that is entirely seizure-free, and
vice versa. This allows for all patients to be included in
time-to-event analyses regardless of follow-up duration;
thus, all patients were included in the Cox regression
analysis of time-to-seizure recurrence.”® Mixed-effects
logistic regression modeling, with the same random-
effects variable, was also performed to identify indepen-
dent predictors of seizure freedom at last follow-up and
postoperative complications. Only patients who had at
least 1 year of follow-up were included in the logistic
regression analysis of seizure freedom. Cox regression
and logistic regression of time-to-seizure recurrence and
seizure freedom were performed for two patient cohorts:
(a) the entire cohort, and (b) the cohort of patients who
underwent surgery confined to the insula.

For both mixed-effects Cox and logistic regression
analysis, univariate regression analysis was first per-
formed to identify putative predictors of the outcome.
Covariates with P-value <.20 were included in a sub-
sequent multivariate regression analysis to identify
independent predictors. During multivariate analysis,
backward stepwise selection of variables using Akaike
information criterion (AIC) followed by inclusion of
variables that were selected in a majority of the 10 im-
puted models was done in order to create the most opti-
mal model with the strongest predictors.®* Hazard ratios

(HR), odds ratios (OR), P-values, and 95% confidence
intervals (CI) were computed and reported for putative
and independent predictors. Kaplan-Meier curves with
the entire cohort of patients stratified by independent
predictors identified in the time-to-event analysis were
also generated to validate the difference in time-to-
seizure recurrence. A two-sided P-value <.05 was used
as the threshold for statistical significance. All statisti-
cal analyses were performed in RStudio (RStudio Inc.,
Version 1.2.1335).

3 | RESULTS

3.1 | Study selection and risk of bias
Using the search strategy detailed above, 4567 citations
were initially identified. After exclusion of duplicates,
2483 citations remained, of which 191 were reviewed in
full text following title and abstract screening (unweighted
x = 0.746). Twenty-four articles reporting IPD on 293 pa-
tients were included at first (Figure S1).5!1217324547.65-72
Contacting the corresponding authors leads to comple-
mentary data in 145 of the 293 participants and supplied
19 additional patients.'®*” Ultimately, 312 participants
were included in the final analysis. Twenty-two articles
were retrospective case series, while two were retrospec-
tive case—control studies. The evaluation of quality and
risk of bias of all included studies is detailed in Table S1.
Table S2 provides characteristics of all included studies.

3.2 | Cohort characteristics

Baseline and clinical characteristics of the entire partici-
pant cohort are displayed in Table 1. Over half of the pa-
tients were 18 years or younger at time of surgery (57.8%)
and exhibited a lesion on MRI (52.4%). A dysplastic lesion
was found on histopathological analysis in most patients
(73.4%).

Operative characteristics and seizure outcomes of all
participants are summarized in Table 2. About one-third
of patients (38.4%) underwent surgery of the dominant
hemisphere. An intracranial study was performed in most
cases (84.6%). While surgical technique involved open
microsurgical resection in most patients, several (22.4%)
underwent stereotactic ablation procedures (eg, MRgLA
or RFA). Despite the commonly reported risk of motor
deficits when operating within that region,”**’ the pos-
terior insula was targeted in almost two-third of patients
(64.9%).

Participants were followed for 3.3+2.5years on av-
erage. During the follow-up period, 116 (37.5%) patients
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experienced seizure recurrence. The average time to sei-
zure recurrence was 1.3 +1.3years, and a Kaplan-Meier
curve depicting the seizure freedom function of the co-
hort is displayed in Figure 1. Overall, the probability of
seizure freedom after surgery for IE at 1-, 5-, and 10-year
follow-up was 79.1% (95% CI = 74.0%-83.3%), 55.3% (95%
CI = 47.7%-62.3%), and 47% (95% CI = 36.8%-56.6%). At
last follow-up, 206 (66.7%) patients exhibited an Engel I
seizure outcome.

Postoperative neurological complications of the en-
tire cohort are detailed in Table 3. Overall, 94 patients
(42.5%) experienced a postoperative neurological com-
plication. The majority of complications were transient
(78.7% of complications) and resolved within 3 months
of follow-up (68.9% of complications). Sixty-eight pa-
tients (30.8%) experienced motor complications mak-
ing up the majority of the postoperative adverse events,
with the most common motor deficit being hemipare-
sis (61.7% of motor complications). A permanent motor
deficit was observed in 5% of surgeries. Patients for
whom a posterior insulectomy, frontal operculectomy,
or parietal operculectomy was included in the surgery
exhibited a similar rate of permanent motor deficits
(7.3%, 7.4% and 7.1%, respectively). In addition, of all
the patients who underwent a pure insulectomy exclu-
sively, only one patient (1.6%) developed a permanent
hemiparesis. Furthermore, 1.4% of patients developed a
permanent postoperative dysphasia. Interestingly, only

Entire Cohort

eight of the 49 patients (16.3%) who underwent surgery
on the dominant side developed dysphasia, of which
none were permanent.

3.3 | Predictors of efficacy

Results of the univariate and multivariate mixed-effects
Cox regression analysis are reported in Table 4. For the
entire cohort, younger age at surgery, specifically 18 years
or younger, (HR = 1.70, 95% CI = 1.09-2.66, P = .022),
and invasive EEG monitoring with intracranial electrodes
(HR = 1.97, 95% CI = 1.04-3.74, P = .039) were signifi-
cantly and independently associated with earlier seizure
recurrence. In the subgroup that only underwent a pure
insulectomy, the use of MRgLA or RFA instead of open
resection (HR = 3.45, 95% CI = 1.18-10.06, P = .033) was
independently associated with shorter duration of seizure
freedom. Kaplan-Meier curves with patients stratified by
these variables are presented in Figure 2.

Table 5 reports the results of the mixed-effects logistic
regression analysis of seizure freedom at last follow-up.
Performing MRgLA or RFA instead of an open resection
was the only independent predictor of suboptimal/poor
seizure outcome (Engel II-IV) at last follow-up for both
the entire cohort (OR = 2.05,95% CI = 1.08-3.89, P = .028)
and the subgroup that underwent a pure insulectomy
(OR =4.40, 95% CI = 1.24-15.54, P = .025).
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8 9 10 FIGURE 1 Kaplan-Meier curve of

the seizure freedom function following
insular epilepsy surgery.
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TABLE 4 Mixed-effects Cox . a
. . . . . Covariate HR 95% CI P-value
regression with stepwise variable selection
and MICE for predictors of shorter time to Univariate Cox regression for entire cohort
seizure recurrence for entire study cohort Age at surgery (<18y) 1.72 1.09-2.72 .021*
and pure insulectomy patients. No insular or opercular lesion on MRI 1.42 0.89-2.25 143
Previous stereotactic ablative or resective 1.39 0.90-2.15 .140
surgery
Intracranial EEG electrodes 1.98 1.04-3.77 .039*
MRgLA or RFA 1.69 0.95-2.99 .077
Multivariate Cox regression for entire cohort
Age at surgery (<18y) 1.70 1.09-2.66 .022*
Intracranial EEG electrodes 1.97 1.04-3.74 .039*
Univariate Cox regression for patients with pure insulectomy
<2 Concordant imaging studies 2.13 0.74-6.09 175
Previous stereotactic ablative or resective 1.98 0.90-4.37 102
surgery
MRgLA or RFA 3.10 1.07-8.98 .047*
Posterior insula not resected 2.07 0.78-5.49 .160
Multivariate Cox regression for patients with pure insulectomy
MRgLA or RFA 3.45 1.18-10.06 .033*

Abbreviations: EEG, electroencephalogram; HR, hazard ratio; MICE, multiple imputation by chained
equations; MRgLA, MR-guided laser ablation; MRI, magnetic resonance imaging; RFA, radiofrequency

ablation.

"HR >1 indicates a shorter time to seizure recurrence.

*P<.05.

3.4 | Predictors of neurological
complications

Findings from the mixed-effects logistic regression analy-
sis of postoperative neurological complications are shown
in Table 6. While resection of the posterior insula was as-
sociated with higher incidence of postoperative neurologi-
cal complications on univariate analysis, no independent
predictors were identified following multivariate analysis.
However, when examining only postoperative motor com-
plications, resection of the frontal operculum (OR = 2.75,
95% CI = 1.46-5.15, P = .002) was a significant and independ-
ent predictor associated with increased odds. Furthermore,
resection of the posterior insula trended toward an asso-
ciation with hemiparesis on univariate analysis but did not
reach significance. The only independent predictor of hemi-
paresis identified was resection of the frontal operculum
(OR = 2.41, 95% CI = 1.18-4.90, P = .016). Finally, surgery
on the patient's dominant hemisphere was the only variable
significantly associated with dysphasia on multivariate anal-
ysis (OR = 13.09, 95% CI = 2.22-77.14, P = .005) while open
resection and temporal operculum resections were only
trending toward significance on univariate analysis.

3.5 | Trade-off between
likelihood of seizure freedom and risk of
neurological deficits

A two-by-two contingency table comparing the preva-
lence of seizure freedom and permanent postoperative
deficit outcomes is shown in Table 7. Of the patients with
both seizure outcome and neurological complication data
available, the majority (58.6%) experienced seizure free-
dom at last follow-up and had no permanent neurologi-
cal deficits. Patients who continued to experience seizures
and had permanent postoperative neurological deficits
following IE surgery (i.e. the poorest outcome) were in the
minority and least represented, constituting 0.9% of the
cohort.

4 | DISCUSSION

We performed a systematic review of the literature and
meta-analysis with IPD on the surgical treatment of drug-
resistant IE. This review included 312 participants from 24
studies. Compared with the surgical treatment of temporal
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FIGURE 2 Kaplan-Meier curve of the seizure freedom function following insular epilepsy surgery with patients stratified by: (A) age at
surgery, (B) intracranial monitoring, (C) MRgLA-RFA.
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TABLE 5 Mixed-effects logistic . a
Covariate OR 95% CI P-value

regression with stepwise variable selection
and MICE for predictors of seizure
recurrence for entire study cohort and
pure insulectomy patients with at least
1year of follow-up.

Univariate logistic regression for entire cohort with at least 1-year follow-up

Age at surgery (<18y) 1.49 0.83-2.69 .184
Previous stereotactic ablative or resective ~ 1.54 0.84-2.81 165
surgery
MRgLA or RFA 2.12 1.07-4.21 .031*
Multivariate logistic regression for entire cohort with at least 1-year follow-up
MRgLA or RFA 2.05 1.08-3.89 .028*
Univariate logistic regression for patients with pure insulectomy and at least 1-year
follow-up
Previous stereotactic ablative or resective ~ 3.14 0.82-12.04 .099
surgery
Intraoperative ECoG not utilized 3.77 0.74-19.12 119
MRgLA or RFA 4.16 1.22-14.18 .026*
Posterior insula not resected 2.46 0.74-8.25 .149

Multivariate logistic regression for patients with pure insulectomy and at least 1-year
follow-up

MRgLA or RFA 4.40 1.24-15.54 .025%

Abbreviations: ECoG, electrocorticography; EEG, electroencephalogram; MICE, multiple imputation by
chained equations; MRgLA, MR-guided laser ablation; MRI, magnetic resonance imaging; OR, odds ratio;
RFA, radiofrequency ablation.

OR >1 indicates greater odds of suboptimal/poor seizure outcome (Engel IL, II1, IV) at last follow-up.

*P<.05.

and other ETE, which have been carried out in epilepsy
centers worldwide for over half a century, widespread sur-
gery for IE is relatively new, and data regarding its safety
and efficacy are limited. While many meta-analyses have
systematically studied the clinical outcomes and predictors
in temporal lobe epilepsy (TLE) and other forms of ETE
(eg, frontal, parietal, and occipital lobe epilepsies), only
one such study exists for IE.”*% In this regard, Kerezoudis
et al performed a recent meta-analysis of patients undergo-
ing surgery for insular epilepsy that revealed rates of over-
all seizure freedom (64.3%) and postoperative neurological
deficits (43.2%, most of which were transient) comparable
to our study. While their assessment is valuable, the over-
all findings are limited by the fact that the heterogeneity
between studies was not accounted for, multivariate analy-
ses were not performed, missing data were not imputed,
and predictors of postoperative neurological complications
were not evaluated.®* In addition, no independent predic-
tors of seizure freedom were identified.*’

There are several main findings in the current study:
(a) The surgical treatment of drug-resistant IE results in
very good seizure freedom rates that are comparable to
those obtained with surgery for ETE**+7>787%8L gimilar
seizure recurrence patterns are also seen, including 79%
and 55% postoperative seizure freedom rates at 1 and
Syears respectively; (b) the efficacy-to-permanent deficit
profile is favorable, with <1% of patients harboring poor

outcome (seizure recurrence and permanent deficit); (c)
independent patient-related predictors of seizure recur-
rence include younger (pediatric) age and cases requiring
invasive EEG monitoring; (d) the seizure-free rate follow-
ing stereotactic ablation procedures (MRgLA or RFA) was
significantly lower than following open resective surgery;
(e) surgical treatment of IE is associated with a significant
rate of neurological complications in just under half of
cases (42.5%)—however, the vast majority are transient
and <8% of all surgically treated patients exhibit perma-
nent neurological deficits; (f) the most common neurolog-
ical complication was motor deficit (30.8%); (g) there was
no independent predictor of overall neurological deficits,
although posterior insulectomy and opercular resection
trended toward significance; (h) frontal operculectomy
was independently associated with postoperative motor
impairment and hemiparesis, and (i) although dominant-
hemisphere surgery was independently associated with a
higher likelihood of postoperative language impairment,
none of the patients who underwent surgery on the domi-
nant side exhibited permanent dysphasia.

4.1 | Efficacy of insular epilepsy surgery

This study demonstrates that IE surgery is effective in the
majority of patients and comparable in efficacy to other



2| Epilepsia Open™

OBAID ET AL.

Covariate OR?

Univariate logistic regression of risk factors for neurological complication
0.87-4.03 112
1.03-4.22 .042%

Multivariate logistic regression of predictors for neurological complication

Any region of the operculum resected 1.87

Posterior insula resected 2.09

No independent predictors
Univariate logistic regression of risk factors for motor deficits
Frontal operculum resected 2.09
Parietal operculum resected 1.76
Multivariate logistic regression of predictors for motor deficits
Frontal operculum resected 2.75
Univariate logistic regression of risk factors for hemiparesis
Frontal operculum resected 2.25
Posterior insula resected 1.82

Multivariate logistic regression of predictors for hemiparesis

95% CI

TABLE 6 Mixed-effects logistic
regression with stepwise variable selection
and MICE for predictors of postoperative
neurological complications, motor
deficits, hemiparesis, and dysphasia in the
entire study population.

P-value

1.04-4.22 .001*

0.83-3.71 .140

1.46-5.15 .002*
1.114.56 .026*

0.83-3.97 134

Frontal operculum resected 2.41 1.18-4.90 .016*
Univariate logistic regression of risk factors for dysphasia

Surgery on dominant side 10.03 1.86-54.03 .008*

Open resection 5.88 0.62-55.46 123

Temporal operculum resected 2.22 0.71-6.92 172

Multivariate logistic regression of predictors for dysphasia

Surgery on dominant side 13.09

Abbreviations: MICE, multiple imputation by chained equations; OR, odds ratio.

2.22-77.14 .005*

?OR >1 indicates greater odds of experiencing neurological complications, motor deficits, hemiparesis or

dysphasia.
*P<.05.

TABLE 7 Evaluation of the trade-off between likelihood of
seizure freedom and risk of permanent neurological deficit after
insular epilepsy surgery.

Seizure Seizure
freedom recurrence Total
No permanent 126 (58.6%) 72 (33.5%) 198 (92.1%)
deficits
Permanent 15 (7.0%) 2(0.9%) 17 (7.9%)
deficits
Total 141 (65.6%) 74 (34.4%) 215

Note: Values are presented as number of surgeries (% of total surgeries with
available data).

forms of ETE.**+73787981 while 1-year outcome shows
very high proportion of seizure freedom, the rate declines
over time to 47% at 10-year follow-up, which compares

favorably to long-term outcome for resective epilepsy

surgery. 38284

In our study, we observed a higher rate of sei-
zure recurrence following stereotactic ablation pro-
cedures. Although we acknowledge that stereotactic

interventions may have been performed for noncurative
purposes in some patients, which may render the com-
parison of open vs minimally approaches partly biased,
the use of MRgLA or RFA was the strongest predictor of
seizure recurrence (pure insulectomy cohort) and sub-
optimal/poor seizure outcome (whole cohort and pure
insulectomy cohort). Over the last decade, minimally
invasive stereotactic ablation treatments have gained in
popularity.***® The widespread adoption of SEEG for
investigation of refractory epilepsy, in particular of in-
sular or peri-sylvian origin, has made these minimally
invasive ablation treatment alternates appealing.”
Radiofrequency ablation, in which electrodes are used
to ablate epileptic foci, has been used for half a century
for several types of focal epilepsy,*® and more recently,
MRgLA has emerged as another minimally invasive
alternative for DRE.*® In the last few years, both these
technologies have been increasingly utilized to treat
IE.>>**" In our study, the limited number of patients
fitting our inclusion criteria prompted the pooling of
MRgLA and RFA procedures (both SEEG-guided and
volume-based thermocoagulation) into one category.
While we recognize that these stereotactic procedures
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are not equivalent and may exhibit dissimilar effica-
cies, combining minimally invasive approaches to-
gether allowed us to perform a sufficiently powered
analysis. Despite these drawbacks, our findings suggest
that, although very useful in well-selected cases, these
treatment modalities may be less effective than open mi-
crosurgical resection. IE is rarely limited to the insula
and usually involves an extensive epileptogenic network
encompassing peri-sylvian regions and/or more dis-
tant cortical area. This is supported by a recent study
revealing structural abnormalities (eg, reduced cortical
thickness) extending far beyond the operculo-insular
region.®>® However, MRgLA and RFA can only target
small volumes of brain and are limited by the vector di-
rection of the probe.**®” This may result in incomplete
ablation of the EZ and explain seizure recurrence or per-
sistence. Furthermore, our analysis revealed that, even
in cases of more limited EZs for which an operculum-
sparing pure insular resection was performed, stereo-
tactic procedures were less likely to control seizures,
suggesting that the extent of the EZ may not be the sole
contributor to the higher rate of seizure recurrence.
Two recent studies, both included in our analysis, are
consistent with our findings. In a report of 26 pediatric
patients undergoing IE surgery, those who underwent
MRgLA had 43% seizure freedom compared with 50%
seizure freedom in the open resection cohort.* A more
recent study reporting on 19 patients showed that RFA
is associated with seizure freedom in 53% of cases.*’ It
is interesting to note that despite the minimally invasive
nature of these approaches, the latter study reported a
significant proportion of patients with transient neuro-
logical deficits (42%) following RFA.*” Further confirm-
ing this finding, open surgery was not associated with
greater likelihood of neurological morbidity compared
with stereotactic ablation procedures in our study. While
MRgLA and RFA allow for smaller incision, avoidance
of ICU stay, less postoperative pain, and reduced nar-
cotic use, and shorter hospitalization, they do not nec-
essarily reduce neurological morbidity, which is most
often transient even for open surgical resections.?’*®
These procedures can be associated with significant
peri-ablation edema, which may explain the similar rate
of postoperative deficits compared with open proce-
dures.® Although stereotactic ablation procedures have
an overall lower likelihood of seizure freedom without
clearly reducing the risk of neurological impairment,
many patients become seizure-free, and both MRgLA
and RFA will therefore likely have a significant role in
the surgical treatment of IE going forward. These pro-
cedures remain an excellent option in cases with higher
likelihood of success (eg, small lesional epileptogenic
foci), when conventional surgery is contra-indicated or

risky, or when patients prefer a minimally invasive al-
ternative.*® In addition, they can be used to predict the
outcome of a subsequent open resective surgery, may be
employed for palliative purposes, and can often be re-
peated safely.”>*®

Pediatric patients exhibited earlier seizure recur-
rence than their adult counterparts in our study, which
contrasts several studies regarding resective epilepsy
surgery in which younger age at surgery was either not
significantly associated with seizure outcome®*' or
predicted better seizure control.’>** It is well established
that incomplete resection of the EZ is one of strongest
predictors of seizure recurrence.?** The fact that chil-
dren often harbor challenging DRE with a higher pro-
portion of malformations of cortical development and
extensive multi-lobar EZs that are difficult to localize,
map, and completely resect could explain the poorer sei-
zure control observed in our study.89‘94‘95 In addition, the
description of auras may often be imprecise in younger
children,’®”! which may render the identification of the
EZ more challenging and result in suboptimal postoper-
ative seizure control.

Finally, we found that the use of intracranial monitor-
ing predicted shorter time to seizure recurrence. This ob-
servation, which is concordant with prior studies on IE,Cis
likely related to the challenging nature of these invasively
monitored patients who typically exhibit non-lesional ep-
ilepsy and/or discordant preoperative imaging.'®***73
Moreover, invasive localization of the operculo-insular EZ
constitutes a challenging task for which accurate targeting
and dense monitoring of the peri-Sylvian region (includ-
ing both the insula and all three opercula) is often re-
quired.“’67 It is therefore conceivable that, in some of the
included cases, sparse sampling of the operculo-insular
area or anatomical misplacement of electrodes may have
resulted in suboptimal identification of the EZ, ultimately
contributing to imprecise surgical targeting and unsatis-
factory seizure control.

4.2 | Safety of insular epilepsy surgery

The current study provides the landscape of neurological
risks associated with the surgical treatment of IE. Despite
historical high morbidity rates associated with surgery
for IE,*® modern reports demonstrate that IE surgery can
be carried out with moderate permanent morbidity.'®*’
Overall, 42% of patients undergoing surgery for IE experi-
enced neurological deficits in our study, but only a reason-
ably small fraction of these complications were permanent
(7.8% of all surgically treated patients). Additionally, the
vast majority of patients who exhibited transient deficits
recovered rapidly (68.9% within 3 months). The risk profile
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seems to be specific to the neuroanatomical structures in
the insular peri-sylvian region, including a predominance
of motor impairment (30.8%), followed by language (7.7%,
or 16.3% of dominant hemisphere operations), somatosen-
sory changes (4.1%), and visual field deficits (3.6%).

Even though the rate of neurological impairment
following surgery for IE is acceptable, it remains non-
negligible. The identification of underlying patient
risk factors or modifiable surgical techniques to reduce
the postoperative morbidity is therefore essential. Our
study pinpointed independent predictors of postopera-
tive motor deficits, which occurred in almost one-third
of the cohort. While previous stimulation and lesional
studies have linked the insula to motor control,’®®” our
study included only patients who underwent an insulec-
tomy (no control group) and was therefore not designed
to examine whether motor impairment can result from
insular cortex resection itself. Rather, we found that
resection of the frontal operculum independently pre-
dicted both motor deficits (a category encompassing
upper extremity, lower extremity, and/or facial weak-
ness) as well as hemiparesis specifically. In addition,
parietal operculum and posterior insular resections
trended toward an association with postoperative motor
impairment and hemiparesis, respectively. In this re-
gard, the vascularization pattern overlying the frontopa-
rietal operculum and the posterior insula may explain
motor deficits following surgery within the operculo-
insular region.*>*®'% penetrating vessels arising from
posterior M2 and M3 MCA branches supply portions of
the corticospinal tract.****7% More specifically, long in-
sular arteries (LIA) arising from M2 branches over the
posterior-superior insula****% and the long medullary
arteries (LMA) originating from M3 branches covering
the frontal and parietal opercula supply the corona ra-
diata.>**®1% These branches (LIA, LMA) do not har-
bor anastomoses, and their sacrifice during insular or
opercular resection can result in subcortical ischemia.**!
Moreover, injury to LIAs arising from M2 branches over-
lying the posterior insula specifically has been identified
as a risk factor for corona radiata strokes and postopera-
tive motor deficits in epilepsy’”® and glioma surgery.'®
Resections sparing this region have been shown to avoid
motor deficits, albeit at the expense of incomplete EZ
removal and reduced seizure freedom.?* It is therefore
conceivable that the high incidence of motor deficits ob-
served in our study may be related to ischemic lesions to
the corona radiata, and this is further supported by a re-
cent study revealing a 60% rate of corona radiata strokes
following insular surgeries for refractory epilepsy.’”>*
The strongest predictor of motor deficit identified in our
study was resection of the frontal operculum, which is
consistent with the largest series of surgery for IE.*” The

fact that extensive resections of opercular gliomas and
removal of insular gliomas in the vicinity of the frontal
operculum (Sanai-Berger zone I) have been correlated
with permanent motor deficits further supports our
findings.'°*1%>71% While cumulative evidence suggests
that postoperative motor dysfunction following frontal
opercular resection can indeed result from subcortical
strokes,” direct injury to the opercular portion of the
primary motor cortex may also cause motor impairment
but typically results in more isolated deficits consisting
of transient facial weakness.'”*'% Considering the sig-
nificant association observed in our study between fron-
tal operculum resection and hemiparesis (involving both
upper and lower extremity), vascular injury of the LMAs
supplying the densely packed corona radiata is a plausi-
ble major etiology for postoperative weakness. In addi-
tion, direct insult to the primary motor cortex may have
contributed to the brachiofacial weakness observed in
some patients. Some authors have recommended transo-
percular transgression during insulectomy for IE, even
in cases in which the opercula are non-epileptogenic.29
The findings from our study suggest that this approach
could result in a higher rate of neurological impairment,
especially when the frontal operculum is incorporated
in the resection. Although most of these motor compli-
cations were transient, 5% of patients undergoing sur-
gery for IE have permanent motor impairment. For that
reason, we advocate an operculum-sparing approach
in cases of pure IE. Furthermore, it is worth mention-
ing that although the frontal operculum is at increased
motor risk and should be approached cautiously, the risk
of permanent weakness is relatively low (~7%). When
involved in the EZ, surgery of the frontal operculum
may be considered in well-selected cases if the benefit-
to-risk ratio is favorable. Finally, despite the commonly
reported risk of ischemia-related hemiparesis and the
trend observed in our analysis,***”*® surgery within the
parietal opercular or posterior insular regions was not
identified as independent predictor of motor deficits.
For that reason, although surgery within these regions
should be carried out carefully, our study suggests that
it should not be necessarily prohibited.

Language impairment is a major concern when con-
sidering surgery for dominant-hemisphere IE.** In this
IPDMA, dominant side surgeries was associated with
the occurrence of dysphasia on multivariate analysis.
Responsive neurostimulation (RNS) has been advocated
as an alternative to microsurgical resection, particu-
larly to avoid the language complications in dominant-
hemisphere IE.3*3® While data are limited, a single
center study showed similar seizure reduction follow-
ing IE surgery to large-scale, multi-center trials of RNS
for eloquent neocortical epilepsy.>*>®** This alternative
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may be an option in patients with higher risk of deficits
(eg, nonlesional language-dominant hemisphere IE in-
volving frontal and temporal opercula) and lower likeli-
hood of seizure freedom following resective surgery.>**
In our study, the overall rate of transient and permanent
dysphasia was 6.4% and 1.4% respectively, most likely
resulting from surgeries on the language-dominant
hemisphere (not always specified in the included stud-
ies). Furthermore, when analyzing only dominant-side
surgeries, the rate of dysphasia was surprisingly low
(16.3%) and, interestingly, none of these patients (0/49)
were permanently impaired. We also performed an anal-
ysis in a subpopulation in which preschool children were
excluded. Young children have an increase likelihood
of epilepsy-driven relocalization of language regions,
may display a bilateral distribution of language areas
prior to surgery, and can exhibit a greater postoperative
functional recovery,”*>'% all of which may predispose
to a lower rate of transient and/or permanent dyspha-
sia. This low risk of language deficit was corroborated
by our study in which only one preschool child (1/31)
exhibited a transient dysphasia and none were perma-
nently disabled. Excluding preschool children from the
analysis led to a comparable low rate of transient (6.4%)
and permanent dysphasia (1.6%), further reinforcing
the safety of insular surgery for IE in older children and
adults. The low incidence observed in our study may be
related to the fact that patients operated on the domi-
nant insula often undergo invasive functional mapping
at first and only patients in whom at least a portion of
the EZ does not exhibit language function are typically
considered for a subsequent surgery. In these cases,
surgical removal may be typically restricted to the non-
functional portion of the EZ or the whole extent of a
language-sparing EZ. Nevertheless, our findings suggest
that properly investigated and well-selected patients can
likely undergo resection of the dominant insula without
significant risks for permanent language deficits.

43 | Strengths and limitations

Strengths of this review include: (a) We performed a com-
prehensive search; (b) we did not exclude studies based
on language of publication; (c) we obtained IPD to per-
form our meta-analysis; and (d) corresponding authors
of all included studies were contacted for additional data.
This is a very robust and rigorous method for conducting
meta-analyses especially given that the majority of studies
are small with a fair amount of heterogeneity; (e) we ac-
counted for heterogeneity in clinical practices and patient
populations across institutions through mixed-effects
modeling; and (f) we adjusted for the length of follow-up,

which eliminated biases that would have resulted if pu-
tative predictive variables were associated with length of
follow-up.

The review also has limitations: (a) Although an ex-
haustive search strategy was utilized, it is possible that
some studies were not identified due to inappropriate in-
dexing or errors in screening; (b) non-standardized report-
ing affects the validity of data abstraction and assessment
of risk of bias; (c) there is a lack of recognized criteria for
assessment of bias in prognostic cohort studies. This re-
quired us to develop and utilize our own methodology,
which has not been validated; (d) neuropsychological and
quality of life outcomes following surgery for IE are other
important outcome measures but were not evaluated; (e)
surgical experience (years of experience) was not investi-
gated but may influence the safety of surgery for IE.>” The
favorable results of the current study should not preclude
the necessity of sufficient surgical experience prior to per-
forming surgery within the operculo-insular region; and
(f) the rarity of IE led to the inclusion of studies with a
high risk of bias. Given the nature of surgery for IE, se-
lection bias is likely since patients who underwent this
procedure were inherently thought to be good candidates
from the standpoint of achieving seizure freedom with ac-
ceptable neurological risks. While this study is not able to
account for the factors that went into determining surgical
candidacy, these findings are from the largest cohort of IE
patients to date, which provides a robust sample size to
increase confidence and generalizability.

5 | CONCLUSION

We performed the largest meta-analysis studying predic-
tors of outcome and first assessing predictors of neuro-
logical complications following surgery for IE. Through
this IPDMA, the surgical treatment of IE was recognized
as an effective and safe therapeutic option in experienced
centers. Our analysis revealed that most patients experi-
ence postoperative seizure freedom and only a minority
develop permanent neurological deficits. We were also
able to identify specific predictors of both seizure out-
come and neurological complications. Pediatric patients
and those requiring invasive EEG monitoring exhibited
a lower rate of seizure freedom. Patients undergoing ste-
reotactic ablation procedures were more likely to have
seizure recurrence than those undergoing open micro-
surgical resection. Resection of the frontal operculum
was a strong predictor of the most observed complication,
namely motor impairment. Finally, although postopera-
tive dysphasia following dominant-side insular surgeries
is not uncommon even in well-selected patients, it is very
frequently transient.
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Despite the inherent biases of IPDMA, results of the
current study suggest that (a) since the minimally inva-
sive benefits of stereotactic procedures may be offset by a
reduced seizure freedom rate, their role should be further
refined towards patients most likely to benefit from this
approach for various reasons (eg, diagnostic, curative, and
palliative purposes), (b) transgression of the frontal oper-
culum should be avoided if it is not deemed part of the EZ,
and (c) dominant-hemisphere IE should not be considered
a contraindication for insular surgery. Further research in-
volving standardized multicenter studies with prospective
follow-ups is necessary to provide external validation of
efficacy and safety of insular surgery for IE, identify the
optimal surgical candidates, and guide the choice of sur-
gical approach.
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