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CONCEPTS AND HYPOTHESES

Development of temporal lobe epilepsy during maintenance
electroconvulsive therapy: A case of human kindling?
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Summary
We describe a patient with new-onset temporal lobe epilepsy during prolonged maintenance electroconvulsive therapy. We suggest a possible causal relationship with
maintenance electroconvulsive therapy through electrical kindling of the temporal
lobe.
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IN TRO D U C T ION

Electroconvulsive therapy (ECT) was developed in 1938 and is
used widely in the treatment of severe major depressive disorder, manic states, and schizophrenia. ECT involves the induction of a focal to bilateral tonic-clonic seizure (FBTCS) with

an electrical current administered through cranial electrodes.
Most patients are treated twice or three times a week for several
weeks and receive on average 6-10 ECT sessions. Some patients require maintenance treatment for an extended period.1,2
Although the treatment is based on repeatedly inducing an FBTCS, ECT is assumed not to cause epilepsy. Two

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Epilepsia Open published by Wiley Periodicals Inc. on behalf of International League Against Epilepsy.
200

|

	
wileyonlinelibrary.com/journal/epi4

Epilepsia Open. 2019;4:200–205.

   

SCHOTTE et al.

epidemiologic surveys of patients treated with ECT found
no evidence of increased prevalence of epilepsy independent
of host susceptibility.3,4 The use of ECT seems safe in patients with epilepsy, and no adjustment in antiepileptic drugs
(AEDs) is necessary.5,6 In addition, several case reports and
small retrospective series on the use of ECT for refractory
status epilepticus (RSE) have been published. Although ECT
has been reported to improve seizure control in RSE in some
studies and to reduce seizure frequency in refractory epilepsy,
there is insufficient evidence to conclude on its efficacy.7–10
On the other hand, several case reports have documented
status epilepticus after ECT.11,12 Furthermore, new-onset epilepsy after long-term ECT has been documented.13,14 Bryson
and colleagues hypothesized electrical kindling as a possible
mechanism of epileptogenesis in these patients.14 We report a
patient receiving maintenance ECT for 22 years, who developed temporal lobe epilepsy (TLE), which was not controlled
by 2 AEDs.
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CA S E RE P ORT

This 67-year-old right-handed Caucasian woman had no
personal or family history of epilepsy, febrile seizures, significant cerebral trauma, meningitis, or encephalitis. Past
medical history included diabetes mellitus type 2, hyperparathyroidism, and a breast carcinoma in 2013 for which
she had been treated with surgery, radiotherapy, and hormonal therapy. In 1974 she was diagnosed with bipolar disorder, which was refractory to medical treatment. Since 1995
she was treated with weekly ECT, initially with bitemporal and since 2004 with unilateral right temporal electrode
placement because of cognitive deterioration. The ECT
frequency was decreased to once every 2 weeks shortly before her first visit to the outpatient neurologic clinic. She
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Key Points
• Electroconvulsive therapy (ECT) is a frequently
used treatment in major depressive disorder,
manic states, and schizophrenia
• Kindling is an animal model of epilepsy by which
repeated induction of a focal seizure discharge,
usually carried out by focal electrical stimulation,
results in a progressive and long-lasting increase
in epileptic response to the inducing stimulus
• We report a patient developing temporal lobe epilepsy after long-term maintenance ECT and suggest a possible causal relationship with
maintenance ECT through electrical kindling of
the temporal lobe

received a total of over 1100 sessions. ECT proved very
effective in controlling the bipolar disorder. Trials to discontinue ECT in the past had resulted in important relapses
of her bipolar disorder, requiring prolonged hospitalizations. She was being treated with aripiprazole, metformin,
exemestane, simvastatin, acetylsalicylic acid, quetiapine,
valproate 1100 mg, and insulin.
She presented to our epilepsy clinic in January 2017
for the assessment of daily episodes of hyperventilation,
pallor, and confusion lasting around 30-60 seconds, which
started in 2012 after she had received more than 800 sessions of ECT. No clear temporal association of these episodes and the ECT was observed. In 2013, the patient
had 2 FBTCSs. The psychiatrist prescribed valproate in a
total daily dose of 1100 mg, which controlled the FBTCSs.
The smaller episodes were considered as psychogenic

F I G U R E 1 Thirty-second EEG trace showing the ictal evolution during a nocturnal seizure in a (A) longitudinal bipolar montage, (B)
common average montage, and (C) transverse montage (0.5 Hz low-pass filter; 70 Hz high-pass filter; and 50 Hz notch filter). Preceding seizure
onset there is left temporal theta slowing and spikes (also seen in interictal records). At seizure onset there is a period of background attenuation
with muscle artifacts due to oral automatisms. The attenuation is followed by an evolving delta rhythm, more pronounced in the right temporal
regions (T4-T6 in panel A; T6-Avg and O2-Avg in panel B). Also a clear increase in ictal heart rate is observed during this seizure. Canonical
polyadic decomposition (CPD, also known as PARAFAC16,17) was performed on 2-second-long EEG segments after the ictal attenuation and at the
end of the seizure, indicated by the red and blue rectangles, respectively. CPD is a blind source separation technique that can reliably estimate the
underlying sources from a mixture of ongoing brain activity and noise using the following procedure: First, the signals were prefiltered between
1 and 30 Hz using a sixth-order Butterworth filter. Then, with application of a wavelet transform on each filtered EEG channel, the EEG matrix
was expanded into third-order tensors with channel, time, and frequency along its dimensions. Then, the tensor was decomposed using CPD as
a sum of 2, rank-1 tensors (components), that is, tensors that are characterized by the outer product of a single channel, frequency, and temporal
signature vector. These signature vectors characterize the topography and frequency content of the seizure pattern. The seizure component can
be selected as the component with the largest variance, after excluding components representing eye blinks. Notice that the spatial mode is a
2-dimensional display, with the right side corresponding to the right side of the patient. Yellow regions indicate highly positive potentials; blue
regions indicate highly negative potentials. The spatial signatures (topographies) of the seizure component indicate that the seizure evolves in the
right side (large values over F8, T4, T2 channels), and propagates to the left side by the end of the seizure (large values over the F7, C3, T3, T5, F3,
P3, Pz channels). CPD was implemented in Matlab (Mathworks, Sherborn, MA) using the Tensorlab toolbox (www.tensorlab.net).22 For the exact
mathematical formulation of the CPD method, the reader is referred to previous literature16,17
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nonepileptic seizures, which were not controlled on valproate. Maintenance ECT was continued.
Our clinical impression of temporal lobe focal seizures
was confirmed during 5-day video–electroencephalography
(EEG) recording. Six stereotyped seizures were recorded,
which were characterized by hyperventilation, tachycardia,
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impaired awareness, oral automatisms, automatisms with
the left hand, postictal aphasia, and bringing the left hand
to her face. We recorded 14 652 spikes over 101 hours, that
is, 145 per hour, or 2.4 per minute. Eighty percent were
left-sided, mainly midtemporal (T3) (44%) and anterotemporal (F7) (20%). Twenty percent were right-sided spikes,
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mainly midtemporal (T4) (10%) and anterotemporal (F8)
(8%) (Persyst 13 EEG software, low sensitivity, Persyst
Development Corporation, USA). The ictal EEG recordings
showed stereotypical generalized attenuation for 2 seconds
followed by an evolving bitemporal rhythmic delta rhythm,
sometimes lateralized to the right side (Figure 1).
Brain magnetic resonance imaging (MRI) showed frontoparietal atrophy and periventricular vascular lesions, but no
temporal lobe abnormalities (Figure 2A). Ictal single-photon
emission computed tomography (SPECT) was undertaken; the
injection started 22 seconds after the electroencephalographic
seizure onset in a seizure of only 23 seconds. SISCOM (subtraction ictal SPECT coregistered with MRI) showed left temporal
lobe hyperperfusion (Figure 2A). Fluorodeoxyglucose–positron emission tomography (FDG-
PET), performed 8 days
after her last right-
sided ECT, showed bifrontal and bitemporal hypometabolism (white arrows in Figure 2B).
Anatomy-
corrected asymmetry index (ACAI) analysis15 of
the FDG-PET scan confirmed the bitemporal hypometabolism
(orange arrows in Figure 2C). Throughout the brain, ACAI
analysis showed a more extensive hypometabolism in the left
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hemisphere compared to the right (for example, in the posterior
temporal lobe as depicted by the orange circle in Figure 2C).
Autoimmune antibodies associated with limbic encephalitis
were negative. We tested for anti-GAD (Glutamic acid decarboxylase) antibodies, paraneoplastic neuronal antibodies
(Hu, Yo, Ri, amphiphysin, CV2, Ma2, GAD65, Sox, Tr), anti-
NMDA (N-methyl-d-aspartate) receptor antibodies, and anti-
VGKC (Voltage gated potassium channel) antibodies.
Electroclinical data and SISCOM were consistent with
TLE. The canonical polyadic decomposition (CPD, also
known as PARAFAC16,17), indicated that the seizure evolves
in the right side and propagates to the left side by the end
of the seizure (Figure 1). The patient was commenced on
treatment with lamotrigine 50 mg twice a day, in addition to
valproate 1100 mg daily. The frequency of ECT was reduced
to once every 4 weeks but led to a manic episode requiring
hospitalization. The patient and the attending psychiatrist decided to restart ECT maintenance once a week, despite the
possibility that maintenance ECT was causally related to the
epilepsy. Spontaneous temporal lobe focal seizures remained
uncontrolled.

F I G U R E 2 A, SISCOM images showing ictal hyperperfusion in the left temporal lobe. SISCOM images were expressed as z-scores on
transversal MRI slices showing areas of hyperperfusion (yellow-red) thresholded between 2 and 4 standard deviations (SDs). B, FDG-PET showed
bitemporal hypometabolism (white arrows). C, ACAI analysis of the PET image in B confirmed the bitemporal hypometabolism (with left-right
asymmetries in both temporal poles, orange arrows) and revealed a more extensive hypometabolism in the left temporal lobe (orange circle). Slices
are shown in the radiologic convention

204

3

|   
|

D IS C U S S ION

Published case reports about spontaneous seizures occurring after ECT are rare. Bryson et al and Rasmussen et al
have described 5 and 4 patients, respectively, who developed (temporal lobe) epilepsy in the context of maintenance ECT, as in our patient. In Bryson's patients, cessation
of ECT led to a clear reduction in the frequency of interictal discharges and no further clinical seizures, even in 2
patients in whom AEDs were not started.14 The 4 patients
of Rasmussen obtained good seizure control after starting
AEDs. In 2 of these 4 patients, maintenance ECT was continued or reintroduced without complications.13 In these 9
cases, the median number of administered ECT sessions at
the time of diagnosis was 92 (range 36-348). No cases of
developing epilepsy after only a short induction therapy of
ECT have been described.
Because epilepsy is not a rare disorder and ECT is
widely used, co-occurrence of epilepsy and ECT is insufficient to prove a causal relationship. Still, we suggest
a possible causal relationship with ECT in our patient
through electrical kindling of the temporal lobe. The
kindling model was introduced by Goddard et al in 1969
and represents a phenomenon by which repeated induction of a focal seizure discharge, usually carried out by
focal electrical stimulation, results in a progressive and
long-lasting increase in epileptic response to the inducing
stimulus.18–20 There are a number of reports indicating
that kindling in animals can lead to the development of
spontaneous seizures after a large number of stimulations; nevertheless this observation is not universal for all
kindled animals.19 ECT is different compared to kindling
animal models in that the inducing currents in humans
are much higher in order to elicit the most severe seizure type, namely FBTCSs, from the beginning. We have
several arguments to suggest that kindling is the probable cause of the TLE in our patient. The temporal lobe,
and more particularly the amygdala, is the brain structure
most susceptible to kindling epileptogenesis, which is targeted during ECT. To date, the kindling phenomenon has
been observed in all animals studied, although more kindling stimulations are needed in phylogenetically higher
animals. On average, 18 daily stimulations are required to
fully kindle a rat, 25 for a cat, 72 for a baboon, and over
400 days for a rhesus monkey.21 From the data available,
we estimate that kindling in humans may result in spontaneous seizures after on average 90 ECT sessions (range
36-800), that is, not after an acute ECT treatment that
lasts 6-10 sessions. Our patient received more than 1100
ECT treatment sessions, which is the highest number reported in the literature. After around 800 sessions, she developed TLE, which has remained refractory to treatment
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with AEDs, consistent with the progressive nature of kindling epileptogenesis.
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CONCLUSION

We describe a patient with new-onset TLE during prolonged
maintenance ECT. We suggest a possible causal relationship
with maintenance ECT through electrical kindling of the
temporal lobe. Development of TLE may be a complication
of prolonged maintenance ECT.
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