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Abstract
Stereoelectroencephalography-guided radiofrequency thermocoagulation 
(SEEG-guided RF-TC) is a treatment option for focal drug-resistant epilepsy. In 
previous studies, this technique has shown seizure reduction by ≥50% in 50% of 
patients at 1 year. However, the relationship between the location of the ablation 
within the epileptogenic network and clinical outcomes remains poorly under-
stood. Seizure outcomes were analyzed for patients who underwent SEEG-guided 
RF-TC and across subgroups depending on the location of the ablation within the 
epileptogenic network, defined as SEEG sites involved in seizure generation and 
spread. Eighteen patients who had SEEG-guided RF-TC were included. SEEG-
guided seizure-onset zone ablation (SEEG-guided SOZA) was performed in 12 
patients, and SEEG-guided partial seizure-onset zone ablation (SEEG-guided P-
SOZA) in 6 patients. The early spread was ablated in three SEEG-guided SOZA 
patients. Five patients had ablation of a lesion. The seizure freedom rate in the 
cohort ranged between 22% and 50%, and the responder rate between 67% and 
85%. SEEG-guided SOZA demonstrated superior results for both outcomes com-
pared to SEEG-guided P-SOZA at 6 months (seizure freedom p = .294, responder 
rate p = .014). Adding the early spread ablation to SEEG-guided SOZA did not 
increase seizure freedom rates but exhibited comparable effectiveness regarding 
responder rates, indicating a potential network disruption.

K E Y W O R D S

drug-resistant epilepsy, radiofrequency thermocoagulation, stereoelectroencephalography

www.wileyonlinelibrary.com/journal/epi
https://orcid.org/0000-0002-1390-0740
https://orcid.org/0000-0001-5336-7031
https://orcid.org/0000-0002-5929-6761
https://orcid.org/0000-0002-4931-3011
https://orcid.org/0000-0001-7523-5734
https://orcid.org/0000-0002-3644-2826
https://orcid.org/0000-0001-9374-3089
https://orcid.org/0000-0002-2979-5527
https://orcid.org/0000-0002-8452-8915
mailto:
https://orcid.org/0000-0002-8421-1125
http://creativecommons.org/licenses/by-nc/4.0/
mailto:ana.sullermarti@lhsc.on.ca
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fepi.18005&domain=pdf&date_stamp=2024-05-13


e114  |      KREINTER et al.

1   |   INTRODUCTION

Radiofrequency thermocoagulation (RF-TC) is a mini-
mally invasive procedure used for the treatment of focal 
drug-resistant epilepsy (DRE). This technique involves ap-
plying RF energy to produce a targeted lesion in the areas 
associated with seizure generation. RF-TC can be coupled 
with stereoelectroencephalography (SEEG) evaluation 
using depth electrodes that are already implanted, which 
we refer to as SEEG-guided RF-TC. In previous studies, 
SEEG-guided RF-TC has shown a reduction of seizures by 
more than 50% in at least 50% of patients at 1 year, with a 
low risk for complications.1–3

The underlying mechanism that supports the effective-
ness of SEEG-guided RF-TC remains poorly understood. 
Some studies have highlighted the relevance of local tissue 
destruction in the seizure-onset zone (SOZ),4,5 and others 
have focused on the epileptogenic network.6–8 However, 
the relationship between the location of the ablation 
within the epileptogenic network and clinical outcomes 
has not been carefully explored.

The primary goal of this study is to assess the seizure 
freedom and responder rate after SEEG-guided RF-TC in 
our cohort of patients. The secondary objective is to ana-
lyze outcomes depending on the location of the ablation 
within the epileptogenic network. This study aims to pro-
vide valuable information on whether achieving optimal 
clinical outcomes is more closely associated with an ex-
tensive ablation of the epileptogenic focus or the discon-
nection of multiple nodes within the network.

2   |   METHODS

Adult patients with DRE who underwent SEEG-guided 
RF-TC at the epilepsy program at Western University 
(London, Ontario, Canada) from November 2020 to July 
2023 were included. All patients underwent comprehen-
sive pre-surgical evaluation, with video-EEG monitoring, 
brain magnetic resonance imaging (MRI), neuropsycho-
logical assessment, 18-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET), and single photon emission 
computed tomography (SPECT), as required. The SEEG 
investigation and implantation strategy were determined 
during the multidisciplinary epilepsy surgery conference.

The epileptogenic network was defined as all SEEG 
sites involved in seizure generation and propagation, 
including epileptogenic lesions. We categorized the ab-
lated contacts based on their involvement in the seizure 
into two distinct categories: (1) SOZ and (2) early spread. 
The SOZ was the region with the SEEG contacts showing 
the first evident SEEG changes. The early spread was the 
distinct anatomic-functional region reached by seizure 

propagation within 3 s.9 The epileptogenic lesion was 
identified as any structural abnormality considered to be 
the underlying cause of the seizures.

RF-TC was performed using an RF lesion genera-
tor (Diros OWL URF-3AP RF Lesion Generator, Diros 
Technology, Inc., Markham, Canada). Lesions were 
made by delivering a monopolar or bipolar current (see 
Table S1).

SEEG-guided seizure-onset zone ablation (SEEG-
guided SOZA) was defined as the ablation performed in 
all contacts involved in the SOZ as identified on SEEG. In 
contrast, SEEG-guided partial seizure-onset zone ablation 
(SEEG-guided P-SOZA) corresponded to the ablation that 
did not encompass all SOZ contacts. SEEG-guided P-SOZA 
was performed selectively based on clinical judgment as 
the initial step before a surgical resection (e.g., temporal 
plus insula epilepsy), as a palliative procedure when en-
countered with a sizable SOZ, when there was overlap 
with eloquent cortex, or when not amenable to RF-TC 
due to proximity to blood vessels. The seizure outcomes 
included seizure freedom and responder rate. Seizure free-
dom refers to the absence of any seizure type at follow-up. 
Responder rate was defined as the percentage of patients 
with ≥50% reduction of the seizure frequency for at least 
one seizure type at follow-up.

We used Fisher's exact test to compare categorical vari-
ables. The statistical significance was set to p < .05. The 
analysis was performed using IBM SPSS v22.0 (Chicago, 
IL). The institutional research ethics board approved this 
project (R-19-603).

3   |   RESULTS

3.1  |  General characteristics

Forty-four patients underwent SEEG, and 18 had RF-TC 
performed. The median age at implantation was 35 years 
(interquartile range [IQR] 25.5), and 55.6% were female 
(n = 10). Eight patients (44.4%) had SEEG-guided RF-TC 
only, six patients (33.3%) underwent resective surgery 
after SEEG-guided RF-TC, and four patients (22.2%) had 
SEEG-guided RF-TC following a recurrence of seizures 
after resective surgery. The most frequent location of 
the SOZ was the insula in 50% (n = 9), either as tempo-
ral plus 27.8% (n = 5) or alone 22.2% (n = 4). The region 
of the ablation was in the insula in 38.9% (n = 7) of the 
patients and involved more than one lobe in 33.3% (n = 6). 
The mean number of contacts ablated was 9.8 (standard 
deviation [SD] ± 6.6). SEEG-guided SOZA was performed 
in 66.7% (n = 12) of patients, and SEEG-guided P-SOZA in 
33.3% (n = 6). Ablation of the early spread was performed 
in 16.7% (n = 3) of the SEEG-guided SOZA patients. No 
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patients underwent SEEG-guided P-SOZA plus an early 
spread ablation. Five patients (27.8%) had ablation of a 
lesion. No ablation was performed for late propagation 
or another independent seizure focus. The number of 
patients who had follow-up appointments to assess out-
comes after SEEG-guided RF-TC at 1, 3, 6 and 12 months 
were 18, 16, 13, and 9, respectively. No complications oc-
curred. Table S1 shows additional information regarding 
each patient's RF-TC procedure, post-ablation recording, 
and MRI segmentation.

3.2  |  Cohort seizure freedom rates and 
across subgroups

Seizure freedom at 1-month post-SEEG-guided RF-TC was 
seen in 50% (n = 9/18) of the patients, at 3 months in 38% 
(n = 6/16), at 6 months in 23% (n = 3/13), and at 12 months 
in 22% (n = 2/9). The two patients who achieved seizure 
freedom at 1 year had SEEG-guided SOZA of a lesion (one 
with a tuber and one with an old stroke).

At 3 months, 37% (3/8) of the SEEG-guided SOZA 
patients and 67% (2/3) of SEEG-guided SOZA plus early 
spread ablation patients were seizure-free. At 6 months, 
43% (3/7) of the patients who underwent a SEEG-guided 
SOZA alone were seizure-free, whereas no patient 
achieved seizure freedom when the early spread ablation 
was added to the SEEG-guided SOZA. Twenty percent 
(1/5) of the patients who underwent an SEEG-guided P-
SOZA achieved seizure freedom at 3 months. No patients 
were seizure-free at 6 months when an SEEG-guided P-
SOZA was performed. There was no difference between 
SEEG-guided SOZA compared to SEEG-guided P-SOZA 
regarding seizure freedom at three (SOZA n = 5/11) (P-
SOZA n = 1/5) and 6 months (SOZA n = 3/9) (P-SOZA 
n = 0/4), (p = .346 and p = .294, respectively). At 3 months, 
more patients achieved seizure freedom following a com-
bination of SEEG-guided SOZA plus early spread ablation 
compared to SEEG-guided SOZA alone. However, the 
trend observed at 6 and 12 months indicated no additional 
benefit from including the early spread ablation; for more 
results, see Table 1. See a case example in Figure 1.

3.3  |  Cohort responder rate and 
across subgroups

The responder rate at 1-, 3-, 6-, and 12-months post-SEEG-
guided RF-TC was 67% (n = 12/18), 69% (11/16), 85% 
(10/13), and 78% (7/9), respectively. Regarding specific 
seizure types, all responders exhibited improvements in 
all pre-ablation seizures, except for three individuals who 
experienced a reduction in more severe seizures, namely 

focal to bilateral tonic–clonic and focal with impaired 
awareness, but continued with focal aware seizures.

At 3 months, 87% (n = 7/8) of the patients who under-
went SEEG-guided SOZA alone and all (3/3) who under-
went SEEG-guided SOZA plus an early spread ablation 
were responders. At 6 months, all the patients who un-
derwent SEEG-guided SOZA either with an early spread 
ablation (n = 2/2) or in isolation (n = 7/7) were respond-
ers. One of the six patients (16%) who underwent SEEG-
guided P-SOZA was a responder at 3 months. There were 
no responders at 6 months when SEEG-guided P-SOZA 
was performed. There was a statistically significant dif-
ference between SEEG-guided SOZA and SEEG-guided 
P-SOZA regarding responder rate at 3 months (SOZA 
n = 10/11) (P-SOZA n = 1/5) and 6 months (SOZA 
n = 9/9) (P-SOZA n = 1/4), (p = .005 and p = .014, respec-
tively). A higher percentage of patients were responders 
after adding the early spread to the SEEG-guided SOZA 
compared to SEEG-guided SOZA alone at 3 months 
(p = .72). At 6 months, there was no difference in adding 

T A B L E  1   Seizure freedom and responder rate at 1, 3, 6, and 
12 months after SEEG-guided RF-TC, depending on the extent of 
ablation.

Seizure 
freedom

SEEG-guided
SEEG-
guided

Total seizure-
free patients

SOZA P-SOZA

Early 
spread

No early 
spread

No early 
spread

1 month 67% (2/3) 67% (6/9) 16% (1/6) 50% (9/18)

3 months 67% (2/3) 37% (3/8) 20% (1/5) 38% (6/16)

6 months 0% (0/2) 43% (3/7) 0% (0/4) 23% (3/13)

12 months 0% (0/2) 40% (2/5) 0% (0/2) 22% (2/9)

Responder 
rate

SEEG-guided
SEEG-
guided

Total of 
responders

SOZA P-SOZA

Early 
spread

No early 
spread

No early 
spread

1 month 100% (3/3) 89% (8/9) 16% (1/6) 67% (12/18)

3 months 100% (3/3) 87% (7/8) 20% (1/5) 69% (11/16)

6 months 100% (2/2) 100% (7/7) 25% (1/4) 85% (10/13)

12 months 100% (2/2) 100% (5/5) 0% (0/2) 78% (7/9)

Note: Ablation was performed on all contacts involved in the SOZ guided by 
SEEG. SEEG-guided P-SOZA: Ablation did not encompass all SOZ contacts 
guided by SEEG.
Abbreviations: SEEG-guided SOZA, SEEG-guided seizure-onset zone 
ablation; SEEG-guided P-SOZA, SEEG-guided partial seizure-onset zone 
ablation; SOZA, seizure-onset zone; P-SOZA, partial seizure-onset zone; 
SEEG-guided, Stereoelectroencephalography-guided; SEEG-guided RF-TC, 
stereoelectroencephalography-guided radiofrequency thermocoagulation.
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the early spread to the SEEG-guided SOZA. For more 
results, see Table 1.

4   |   DISCUSSION

The seizure freedom rates were 50% or less, which is 
concordant with what has been reported previously. The 
two seizure-free patients at 12 months had a well-defined 
SOZ and a lesion.2 Previous studies have shown that the 
subgroup of patients with lesions—particularly nodular 
heterotopias, hypothalamic hamartomas, or small focal 
cortical dysplasia—have higher rates of seizure freedom.3 
Despite the ongoing debate on the treatment potential of 
SEEG-guided RF-TC without resective surgery, it remains 
a valuable tool for predictive purposes. This is attributed 
primarily to the observed longer seizure-free periods post-
SEEG guided RF-TC, leading to improved outcomes after 
a resective surgery.10

Most patients within our cohort exhibited positive re-
sponses to treatment at 1, 3, 6, and 12 months, with re-
sponder rates ranging between 67% and 78%. Notably, our 
patient population achieved a higher responder rate than 
reported previously in other cohorts, where rates typically 
range between 23% and 58%. This discrepancy may be 

attributed, in part, to the smaller size of our sample and 
the inclusive definition of treatment response, encom-
passing any seizure type.

For both outcomes, SEEG-guided SOZA demon-
strated superior results compared to SEEG-guided P-
SOZA. At the 1- and 3-month marks, adding the early 
spread to the SEEG-guided SOZA showed improved out-
comes compared to SEEG-guided SOZA alone, but these 
results were not significant. Of interest, at the 6- and 
12-month follow-ups, the addition of the early spread 
did not increase seizure freedom rates but exhibited 
comparable effectiveness in terms of responder rates.9 
Our findings highlight that the ablation of the SOZ is 
the most influential predictor of outcome. Although the 
tissue implicated in early spread likely contributes to the 
epileptogenic network, our preliminary results suggest 
that its ablation may contribute to the reduction of clin-
ical seizures, possibly interfering with the symptomato-
genic zone. Nevertheless, it does not inherently possess 
seizure-generating potential, and its ablation does not 
lead to seizure freedom. Additional considerations that 
account for individual differences encompass the dura-
tion since seizure onset (secondary epileptogenicity), 
etiology, and other lesions not discernible in MRI (inde-
pendent seizure focus).

F I G U R E  1   A case example of a patient who underwent an SEEG-guided SOZA over the right posterior insula (RPIn) electrode contacts 
1 to 10. Images A, B, C. Sagittal T1-MRI images. (A) Pre-ablation. (B) Six months post-ablation. (C) Representation of the ablation (green), 
the electrode (blue), and the contacts (red). Image D. Three-dimensional representation of the brain, including the segmentation of the 
insula (purple), segmentation of the volume of ablation (green), and electrode (blue).11 SEEG epoch. Pre-ablation: persistent interictal spikes 
over RPIn 9–10 > 1–8. Post-ablation: Flattening of the signals over RPIn 1–10, absence of spikes. The patient is currently 10 months seizure-
free after SEEG-guided RF-TC. SEEG-guided SOZA: stereoelectroencephalography-guided seizure-onset zone ablation; RPIn: Right posterior 
insula; T1-MRI: Magnetic Resonance Image; SEEG-guided RF-TC: stereoelectroencephalography guided radiofrequency thermocoagulation.
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Most patients underwent ablation in the insula. This 
aligns with a growing trend toward less-invasive proce-
dures in this area, which carries inherent risks with con-
ventional open surgical approaches. However, most of 
these patients did not achieve seizure freedom, likely due 
to the prevalence of temporal plus insula epilepsy, where a 
two-step approach with SEEG-guided RF-TC followed by 
resective surgery may be preferred.

The main limitations of our study include the small sam-
ple size, the retrospective nature, pending 1-year follow-up 
appointments, and the inherent sampling bias of the SEEG. 
We acknowledge that the sampling bias provides, at best, 
an approximation of the SOZ, potentially contributing to 
suboptimal outcomes in some patients after SEEG-guided 
RF-TC. The definition of early spread also presents a chal-
lenge, as it lacks a well-established criterion.9

5   |   CONCLUSION

A complete ablation of the contacts involved in the SOZ 
was associated with higher rates of seizure freedom and 
responder rate. Ablating the early spread improved the re-
sponder rate but not the seizure freedom rate, indicating a 
potential network disruption.
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