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Radiofrequency thermocoagulation (RF-TC) is a wide-used procedure for drug-resistant epilepsy. The
technique is considered safe with an overall risk of 1.1% of permanent complications, mainly focal neu-
rological deficits. We report the case of a patient with drug-resistant epilepsy who complained of imme-
diate seizure worsening and an unexpected event seven months following RF-TC.
A 35-year-old male with drug-resistant epilepsy from the age of 18 years underwent stereoelectroen-

cephalography (SEEG) implantation for a right peri-silvian polymicrogyria. He was excluded from surgery
due to extent of the epileptogenic zone and the risk of visual field deficits. RF-TC was attempted to ablate
the most epileptogenic zone identified by SEEG. After RF-TC, the patient reported an increase in seizure
severity/frequency and experienced episodes of postictal psychosis. Off-label cannabidiol treatment led
to improved seizure control and resolution of postictal psychosis.
Patients with polymicrogyria (PwP) may present with a disruption of normal anatomy and the co-

existence between epileptogenic zone and eloquent cortex within the malformation.
RF-TC should be considered in PwP when they are excluded from surgery for prognostic and palliative

purposes. However, given the complex interplay between pathological and electrophysiological networks
in these patients, the remote possibility of clinical exacerbation after RF-TC should also be taken into
account.
� 2022 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

A major challenge for modern epileptology is the treatment of
drug-resistant focal epilepsies, a condition that affects approxi-
mately 30–40 % of people with epilepsy [1]. Epilepsy surgery,
including curative resective surgery and other palliative options,
is an effective and suitable treatment for these patients [1]. It has
been reported that epilepsy surgery leads to seizure control in
65 % of cases (range 13.5 %–92.5 %) depending on the underlying
etiology, resection site and surgical procedure [2]. However wors-
ening of seizure control after surgery varies from 0.8 % to 11 %
among different surgical series [3]. Invasive stereo-
electroencephalographic (SEEG) recording may be necessary to
define the epileptogenic zone (EZ) and the best surgical plan for
these patients, especially in cases of inconsistent anatomical and
electroclinical data, in MRI-negative patients, in extensive cortical
malformations, and in cases of suspected overlap between EZ and
eloquent cortex [4]. In addition to its diagnostic utility, intracranial
electrodes implanted for SEEG monitoring can be exploited to pro-
duce specific stereotactic lesions, with the aim of destroying the EZ
or disconnecting the epileptogenic network [5]. Among the several
lesioning methods proposed, radiofrequency thermocoagulation
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(RF-TC) is the most popular and widely used technique [6]. It con-
sists of delivering a high-power current between two adjacent
SEEG contacts to increase the temperature of brain tissue to 78-
82�, producing an ovoid lesion about 6 mm long and 3.5 mm wide
[7]. The results of RF-TC in terms of seizure control are highly vari-
able, ranging from 6 % to 63 % depending on the experience of dif-
ferent centers, etiology and follow-up period considered [5,8].
According to a recent meta-analysis, 23 % of patients were
seizure-free after RF-TC, while those who reported a > 50 % reduc-
tion in seizure frequency at 1-year follow-up were 58 % [9]. In
terms of complications, RF-TC is considered the safest procedure
for drug-resistant epilepsy with a 1.1 % risk of permanent deficit
and 2.4 % risk of transient deficits [6]. Even in patients in whom
resective surgery is contraindicated because of overlap between
EZ and eloquent cortex or in the presence of a complex EZ, RF-TC
is still recommended by some authors as a palliative option, alter-
native to open surgery [5,10,11].

Complications of RF-TC usually consist of focal neurological def-
icits. However, the effect of the focal lesion produced by RF-TC on
the reorganization of large epileptogenic networks and widely dis-
tributed brain functions, such as cognition or memory are less
likely.

We describe the case of a patient with drug-resistant focal epi-
lepsy secondary to right perisylvian polymicrogyria who after RF-
TC reported worsening seizure control and recurrent post-ictal
psychotic episodes.
Case description

A 35-year-old man with no relevant family or personal history
was referred to our center with drug-resistant focal epilepsy. He
developed seizures, aged 18 years, characterized by intermittent
subjective sensations of eye pulsations, cephalic aura, visual mis-
perceptions of colours and shapes followed by interruption of
ongoing action, altered awareness (estrangement from surround-
ings), fixation of gaze, and occasional orbito-oral automatisms
and myoclonia. Confusion and sometimes dysarthria were
reported in the postictal phase. The episodes re-occurred mainly
during daytime with a stereotyped semiology, becoming multiple
per month over the years despite several antiepileptic medications
attempted.

The patient underwent pre-surgical evaluation at 31 years of
age. Long-term video-EEG monitoring showed right-temporal
interictal epileptiform discharges and allowed the recording of
three stereotyped episodes, in two cases associated with a right-
temporal discharge preceding clinical onset. MRI Brain revealed
extensive right perisylvian polymicrogyria and an FDG-PET scan
showed concordant right perisylvian hypometabolism (Fig. 1).
The neuro-psychological evaluation was unremarkable. Following
a multidisciplinary meeting, it was decided to perform a right uni-
lateral wide SEEG implant to explore the malformed cortex and
surrounding areas. The exploration aimed to better delineate the
real epileptogenic area within the malformation and its relation-
ship to functional areas, and possibly to plan resective surgery or
at least perform RF-TC (Figs. 1 and 2a). The SEEG recording showed
diffusely slow background activity, except for the perirolandic
electrodes (M, N, F), which showed physiological activity.

High amplitude repetitive interictal spikes were documented in
the temporal lobe and lateral temporo-parietal junction. During
monitoring, the patient reported typical subjective sensations
associated with short-duration low-voltage discharges recorded
independently from multiple areas, encompassing the temporal
pole, opercular region, and precuneus (Fig. 2b). The stimulations
also elicited subjective sensations similar to seizure onset indepen-
dently from the same regions, but did not elicit any typical sei-
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zures. A typical spontaneous seizure was recorded associated
with rapid low-voltage activity on the K electrode exploring the
precuneus, with rapid propagation over the mesial temporal struc-
tures and, after a few seconds, over the temporal lobe and perisyl-
vian areas (Fig. 2c). Based on the early involvement of the
precuneus (explored by the K and P electrodes) and the stimulation
results eliciting some initial subjective sensations from this region,
RF-TCs were performed on K 1–4 and 5–6, P 2–5 (Fig. 2d). RF-TCs
were performed to ablate the most epileptogenic area and, eventu-
ally, to perform a second step surgery. The surgery appeared com-
plicated because of the extent of the epileptogenic area, the high
risk of visual deficits, and the probable risk of memory impairment,
as the right mesial temporal structures were anatomically normal
and showed moderate electrophysiological involvement.

After RF-TC, the patient reported an increase in the frequency/
intensity of seizures (2/week, with the appearance of daily clus-
ters) and a change in semiology: seizures were preceded by a
cephalic flashing sensation in the head, followed by behavioural
arrest, oro-alimentary automatisms, rightward version of the head,
occasionally evolving in diffuse stiffness and falls. The post-ictal
phase was also modified, characterized by confusion and speech
difficulties lasting about an hour. He also presented two focal to
bilateral tonic-clonic seizures.

Seven months after RF-TC (May-2019), the patient presented
with a two-day episode of structured delirium characterized by
the belief that his neighbor had been raped and injured. This belief
led him to call the police and break down the door. The night
before the onset of the episode, the patient had a cluster of sei-
zures. The patient was then taken to the emergency room, where
an EEG showed mild background asymmetry, slower in the right
hemisphere with right hemispheric contoured theta, consistent
with post-ictal findings. No seizures were reported during hospi-
talization. Despite trying many antiseizure medications, the sei-
zures continued several times a week and he had three more
psychotic episodes in the following years (April-2020, October-
2020, June-2021). The patient was included in a recently published
cohort of patients with post-ictal psychosis (PIP) [12].

At the age of 34, (October-2021) the patient was given off-label
treatment with cannabidiol (CBD) up to 500 mg/day (8.3 mg/kg/-
day), based on preliminary evidence suggesting improvement of
seizures in patients with polymicrogyria [13,14]. This led to an
immediate and dramatic reduction in seizure frequency (two short
seizures per month) and resolution of seizure clusters, falls, post-
ictal confusion, and psychotic episodes at 12-month follow-up.
His cognitive and work performance improved, as did his quality
of life, as documented by the QOLIE-31 questionnaire, with an
overall score of 51.9/100 compared with 38.4/100 in the pre-
treatment period.
Discussion

Patients with polymicrogyria (PwP) often develop a drug-
resistant epilepsy, making them suitable candidates for epilepsy
surgery [7]. Surgery in these patients is usually guided by SEEG
exploration; yet, despite its use, some previous series have shown
that surgery is not feasible in about 31 % of cases because of the
risk of functional deficit and extensive/bilateral EZ, as exemplified
by our patient [15]. When the surgical option is discarded, the
probability of achieving seizure freedom in these patients is very
low [7,16]. We decided to exclude this patient from surgery given
the lack of a confined epileptogenic area, the partial overlap with
eloquent cortex, the high risk of visual deficits and the probable
risk of memory impairment. Consequently, as there were no con-
ditions for resective surgery without major risks, we decided to
perform RF-TC with the aim of improving seizure control, follow-



Fig. 1. Upper part: median PET cortical metabolism superimposed on 3D Freesurfer pial model shows abnormal right perisylvian gyration and hypometabolism compared to
the left hemisphere (color palette coldtohot: blue, lower metabolism, red, higher metabolism). Bottom part: T1-weighted anatomical MRI superimposed with SEEG electrodes
disclosed diffuse perisylvian polymicrogyria involving the right temporal, frontal and parietal cortex. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

L. Ferri, R. Mai, L. di Vito et al. Epilepsy & Behavior Reports 21 (2023) 100579
ing the indication of performing RF-TC even in non-eligible cases
given the safety profile and to the efficacy of the procedure
[5,10,17]. RF-TC was also supported by our in-house experience
regarding two patients with extensive polymicrogyria and partial
overlap with the eloquent cortex. In these patients the use of RF-
TC, limited to the few contacts showing the greatest epileptogenic
activity, led to an improvement in seizure control more than
expected.

In contrast, this patient presented an unfavorable reorganiza-
tion of the epileptogenic network, with an even more striking
worsening of seizure frequency/intensity. To our knowledge, sei-
zure worsening after RF-TC is reported in only one other case in
a small surgical series [18]. Most surgical series report, as negative
outcome, the absence of benefit from RF-TC without further details
[19]. The patient developed post-ictal psychotic episodes a few
months after RF-TC. This type of event has not been reported in
the literature after RF-TC. The nature of the psychotic episodes in
our patient could not be ascertained because of lack of continuous
EEG recording during the attack. However, at least in one occasion,
the psychosis was preceded by a seizure cluster and the EEG per-
formed not long after the end of this episode was compatible with
a postictal tracing. This leads us to interpret the psychotic episodes
as PIP. PIP is defined as the onset of psychotic symptoms typically
following a cluster of seizures, which may last from a few days to
weeks in the absence of documented ictal activity [12,20]. Psychi-
atric complications related to the invasive procedure have been
poorly considered in the surgical series. However, some authors
have documented the occurrence of psychiatric symptoms 6 h after
cortical stimulation, especially in older patients with a longer dura-
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tion of illness, a previous history of PIP, and nondominant temporal
lobe epilepsy [20]. Psychiatric symptoms may be caused by altered
brain network dynamics induced by cortical stimulation, particu-
larly when the temporal and limbic systems are involved [20]. Sim-
ilarly, the effect of RF-TC is usually considered focal and,
consequently, the reported complications are mostly focal deficits.
It is also necessary to consider the influence of a focal lesion on
large epileptogenic networks and widely distributed brain func-
tions, especially in PwP, in which a complex epileptogenic area
and an eloquent cortex coexist in the malformation, and the nor-
mal anatomy may be disrupted [15]. This concept has been nicely
explored by a recent RF-TC study which demonstrated that focal
narrow ablation can impact the function of anatomically normal
distant cortical areas through percolation of slow waves up to
60 mm from the focal lesion, thus providing empirical evidence
of network alteration due to disruption of a specific node and an
electrophysiological basis of diaschisis [21]. In line with all these
observations, the RF-TC localized to the precuneus performed in
our patient might have affected distant temporal or frontal areas,
including possibly the limbic system, which was already involved
in the epileptogenic network as demonstrated by the SEEG record-
ing. It could be speculated that this unpredictable and unfavorable
reorganization of the epileptogenic network, secondary to ablation
of a specific node, may have worsened seizure control, inducing PIP
following prolonged seizure clusters.

Finally considering the antipsychotic effect of cannabidiol
reported in literature [22] and the response in our patient, we
might suggest a possible role of cannabidiol in the management
of perioperative psychiatric symptoms.



Fig. 2. A: implantation scheme on the 3D model. B: 30-seconds SEEG trace shows low-voltage fast activity over K 5–6 and P 3–4 preceding typical subjective sensation
warning. C 120-second SEEG trace shows low voltage fast activity over K electrodes with a fast propagation over mesial temporal structures (B, C); after 2 s all temporal lobe
and perisylvian area are involved in the discharge. D: MRI position of P internal contact (upper) and K internal contact (lower) where RF-TC were performed. SEEG contacts
position. B2-3: para-hippocampal gyrus; B5-6: hippocampus head; B13-14: middle temporal gyrus; C3-4:hippocampus body; C11-12 = posterior middle temporal gyrus; Z2-
3: fusiform gyrus; K2-3 5–6: lower precuneus; Y10-11: inferior parietal gyrus; U5-6: superior temporal gyrus; P3-4: higher precuneus; P11-12: inferior parietal gyrus; N6-7:
post-central gyrus; S6-7: parietal operculum; L10-11: pre-central gyrus; M2-3: supplementary motor area; R2-3: posterior short insular gyrus; X3-4: frontal operculum; F9-
10: middle frontal gyrus.
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Conclusion

RF-TC is a safe and effective procedure in epilepsy surgery that
should be considered in some patients with epilepsy, especially
those who are excluded from surgery for prognostic and palliative
reasons. We report a complex case of post-ictal psychosis after RF-
TC, not preivously described in the literature, and seizure worsen-
ing, that to our knowledge was reported in one other case. We rec-
ommend clinicians take into account the remote possibility of
clinical aggravation and seizure exacerbation after RF-TC.
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