
Introduction 
Electroconvulsive therapy (ECT) is widely used for treatment 

of drug-refractory psychiatric disorders, including major de-

pressive disorder (MDD), bipolar disorder, and schizophrenia 

[1-3]. ECT was first conducted in 1938 by Italian neuropsychi-

atrists Ugo Cerletti and Lucio Bini to treat a schizophrenia pa-

tient [4]. ECT induces generalized tonic-clonic seizure by 

electrical stimulation [1]. 

Although seizures are induced whenever ECT is performed, 

most previous studies suggested that ECT does not cause pro-

longed epileptic seizures [5-7]. However, there are several re-

ports of status epilepticus (SE) and/or persistent epilepsy after 

ECT [8-11]. 

In contrast, several previous studies showed that ECT can be 

applied safely even in patients with epilepsy [12-14]. Psychiat-

ric disorders including MDD are a common comorbidity in 

epilepsy patients, and drug-refractory psychiatric symptoms 
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may also occur in patients with epilepsy [15-17]. ECT can also 

be employed as a treatment for refractory epilepsy and SE [18-

20]. In addition, it has also been reported that ECT is safe and 

effective in treating abnormal movement disorders in enceph-

alitis patients [21,22]. 

In this review, we aimed to determine whether ECT can lead 

to epilepsy development and investigate which factors are in-

volved in inducing epileptogenesis. Also conversely, we re-

view the literature that demonstrated ECT can be used for the 

treatment of refractory seizure and encephalitis.  

Methods and neurobiological changes 
after electroconvulsive therapy 
ECT is conducted through the following process (Figure 1) 

[1,23]: (1) Attach electrodes for electroencephalography (EEG) 

and electrocardiography. (2) Install a stimulator unilaterally 

or on both temporal sides. (3) Administer muscarinic anti-
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cholinergics (glycopyrrolate) to suppress secretions, and pre-

vent cardiac arrhythmia. (4) Provide general anesthesia and 

oxygen supply. (5) Induce sedation with propofol, etomidate, 

or remifentanil. (6) After the patient is sedated, increase the 

pressure of the blood pressure cuff placed on the ankle or 

wrist above the systolic blood pressure to observe seizures in 

foot or hand. (7) Administer a muscle relaxant (succinylcho-

line). (8) Apply electrical stimulation after muscle relaxation. 

(9) Observe the seizure through EEG and clinical convulsions. 

(10) Wake patient and observe recovery. 

The therapeutic effect of ECT has been attributed to multifac-

eted mechanisms including neurotransmitters, neuroendo-

crine changes, structural changes, and neuroinflammation, 

but remains largely unclear [24-28]. Seizure induction is criti-

cal for the therapeutic effect of ECT [24,25]. During electric 

stimulation in ECT, cortical neurons are directly stimulated 

and excitatory neuronal activities are spread throughout the 

brain. A brief seizure, mostly 30 seconds to 1 minute, is in-

duced and it affects various neurotransmitters, intracellular 

signaling, and neuronal circuits [24,26,27]. Several studies 

suggested more extensive seizure spread after ECT is related 

to successful treatment of psychiatric symptoms [24,27]. 

One of the possible therapeutic mechanisms of ECT is related 

to neurotransmitters. Since repetitive excitatory glutaminer-

gic signals spread during convulsions, repetitive ECT induces 

inhibitory signals mainly by gamma-aminobutyric acid 

(GABA) [24,25,29]. These inhibitory signals seem to be related 

to therapeutic effects on regional hyperactivity related to 

manic symptoms, acute psychosis, or catatonia [24-26,29]. 

This therapeutic mechanism including GABA may be ex-

plained that ECT has a low risk of causing long-term seizures 

and can even be used to treat refractory seizures [5-7]. 

Another theory on ECT’s therapeutic mechanism is the neu-

roendocrine hypothesis [24,25,28]. ECT induces release of ad-

renocorticotrophic hormones including cortisol and prolac-

tin, with a return to baseline level in several hours [25,28]. As 

dopaminergic neurotransmitters strongly inhibit prolactin, 

several studies have suggested these hormonal changes may 

act as a dopaminergic antagonist and exert antipsychotic 

properties [28]. Patients with MDD have hypothalamic-pitu-

itary-adrenal dysfunction and a high cortisol level that is re-

lated to psychiatric symptoms [24,25,28]. Following ECT ses-

sions, cortisol decreases to a normal level in MDD patients 

[25,28]. The mechanism of hormonal changes is unclear, but 

it may be related to repeated stress [25,28]. 

Also, there is increasing evidence of neuroinflammation play-

ing an important role in the therapeutic effects of ECT [25,30]. 

Several studies showed that neuroinflammation may contrib-

ute to development of psychiatric disorders, including psychi-

atric symptoms in epilepsy patients [31,32]. ECT transiently 

increases inflammatory mediators, including interleukin-6, 

tumor necrosis factor-α, and cortisol [25,30]. However, repeti-

tive ECT leads to downregulation of inflammatory reactions 

in the long term, which can contribute to the therapeutic ef-

fect of ECT [25,30]. Also, inflammatory mediators induce de-

pression by degrading tryptophan, which is a precursor of se-

rotonin, via the tryptophan-kynurenine pathway [31,33]. ECT 

influences the tryptophan-kynurenine pathway toward neu-

roprotective shifting and antidepressant properties [33]. 

Repeated ECT also causes structural alterations in the brain 

[24-26]. ECT brings about neuroplastic changes, including 

synapses, neurons, and glial cells [24,25]. In patients with 

Figure 1 General protocol for electroconvulsive therapy (ECT)

(1) Attach electrodes for electroencephalography (EEG) and electrocar-
diography (ECG). (2) Install a stimulator unilaterally or on both temporal 
sides. (3) Administer muscarinic anticholinergics (glycopyrrolate). (4) 
Perform general anesthesia and administer oxygen. (5) Induce sedation 
with propofol, etomidate, or remifentanil. (6) Increase the pressure of 
the blood pressure (BP) cuff placed on the ankle or wrist above the 
systolic BP. (7) Administer a muscle relaxant (succinylcholine). (8) Apply 
electrical stimulation. (9) Observe the seizure. (10) Wake patient and 
monitor recovery.
EMG, electromyography. 
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MDD, previous studies with serial brain magnetic resonance 

images demonstrated an increment in hippocampal volume 

following ECT [34,35]. Also, several studies suggested amyg-

dala can be enlarged after ECT, which is related to clinical 

therapeutic effects [35,36]. However, the relationship between 

structural changes and therapeutic effects is conflicting, and 

the mechanism of treatment is unknown [25].  

Development of epilepsy after electroconvulsive 
therapy 
ECT treats psychiatric symptoms by inducing seizures but 

does not induce prolonged seizures or epilepsy [5-7,37]. A 

large 5-year-long study of psychiatric patients who received 

ECT showed no cases of spontaneous seizure after ECT [5]. 

ECT can be safely used in patients with epilepsy, and seizure 

frequency did not change after ECT [12,14]. Several studies of 

patients with epilepsy have also been conducted on whether 

antiseizure medication (ASM) should be temporarily discon-

tinued or reduced when performing ECT [12,38]. In most cas-

es, brief seizures, which are required for the therapeutic effect 

of ECT, were induced successfully without adjustment of 

ASM, and psychiatric symptoms were treated effectively [38]. 

Spontaneous seizure after ECT is defined as a tardive seizure 

and may present with bilateral tonic-clonic seizures, focal 

motor seizures, or nonconvulsive symptoms [37,39]. The 

prevalence of tardive seizure is approximately 1% to 2% of pa-

tients who received ECT [7,39], and multiple seizures during a 

single session of ECT, a history of seizure, medications that 

can lower seizure threshold, and electrolyte imbalance are 

potential risk factors [37,40]. 

Several studies have reported cases of newly developed epi-

lepsy after ECT [8,9], and a study by Bryson et al. [9] showed 

cases of temporal lobe epilepsy after ECT. In this study, the 

mechanism of epileptogenesis after ECT was explained as 

‘kindling’ [9,41]. In animal studies, prolonged seizure after re-

petitive electrical stimulation was reported as the electrical 

kindling model [41]. During ECT, limbic structures including 

amygdala are stimulated, and these structures are susceptible 

to epileptogenesis [9,35]. This repetitive stimulation is thought 

to bring out epileptiform discharges and focal seizures [9]. 

Rarely, SE after ECT cases have been reported, including non-

convulsive SE (NCSE) [10,11]. In the case of NCSE, detection 

is challenging because epileptic-like EEG rhythm can occur 

between ECT sessions, and clinical symptoms including con-

fusion and catatonia can mimic seizures [10,42]. Most of the 

SE cases did not progress to chronic epilepsy after treatment 

of SE [10,11]. Although the exact mechanism of SE after ECT 

remains unclear, it may be different from the kindling mecha-

nism mentioned above. 

Electroconvulsive therapy in refractory seizures 
Several reports presented cases of application of ECT to the 

treatment of refractory SE and drug-refractory seizure [18-20]. 

In a systematic review paper presented by Zeiler et al. [20] in 

2016, cases of ECT applied to refractory SE were reviewed. 

Nineteen patients in 14 original articles were reviewed, and 11 

(57.9%) showed seizure reduction or cessation [20]. However, 

the number of ECT sessions and electric stimulation parame-

ters were too heterogeneous to suggest a standardized treat-

ment protocol for SE, and the duration of the seizure control 

effect achieved from ECT was also variable [20]. 

A review published by Ray [43] in 2017 suggested an ECT pro-

tocol for SE with a higher charge (up to 1,000–1,500 mC) and 

frequency than psychiatric disorders, bitemporal stimulation, 

and at least 6 sessions. During ECT, anesthetic agents, which 

can inhibit ECT-induced seizures, should be stopped, and 

ASMs should be carefully adjusted to control seizures without 

inhibiting ECT-induced seizures [43]. However, the neurologi-

cal outcomes of SE patients who underwent ECT were poor 

[20], and further systematic studies should be conducted to 

establish the therapeutic effect of ECT in SE. 

One of the mechanisms of the anticonvulsant effect achieved 

by ECT is explained by GABA [24,25]. ECT induces brief, con-

trolled seizures with transiently increased glutamate levels 

[25,44]. After brief hyper-excitatory signals during an ECT-in-

duced seizure, presynaptic release and transmission of GABA 

are increased and cortical inhibition occurs [25,44]. In addi-

tion to GABA, inhibitory neuropeptides are enhanced includ-

ing neuropeptide-Y, somatostatin, and endothelin, leading to 

burst suppression [20,36]. In animal studies, long-term neu-

roplasticity and anti-kindling action after ECT also have anti-

convulsant effects [24,25,43].  

Electroconvulsive therapy in encephalitis 
ECT can be applied to the treatment of encephalitis, and in 

particular, to treat catatonia symptoms according to encepha-

litis [21,22]. Among them, the application of ECT in an-

ti-N-methyl-D-aspartate receptor encephalitis (NMDAR en-

cephalitis) is most commonly reported [22,45]. NMDAR en-

cephalitis is the most common type of autoimmune encepha-

litis caused by immunoglobulin G antibodies against the NR1 

subunit of NMDAR and is also present in dyskinesia patients 

[45,46]. Severe dyskinesia can cause self-injuries and falls, and 
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sometimes rhabdomyolysis contributes to morbidity and 

mortality [46,47]. 

Tanguturi et al. [45] reviewed cases of catatonia in NMDAR 

encephalitis patients treated with ECT. Eight case studies were 

reviewed, all of which included immunotherapy and/or tu-

mor removal, and treatment trial with benzodiazepines, 

ASMs, and antipsychotics was not effective [45]. ECT was ini-

tiated after one or more adjuvant treatments for catatonia 

failed, and showed therapeutic efficacy [45]. There were no 

adverse events related to ECT despite multiple risk factors, in-

dicating ECT could be safely applied, even in severe cases of 

encephalitis. 

The mechanism of ECT’s therapeutic effect in NMDAR en-

cephalitis is not well understood, but several theories have 

been suggested. One of the theories is that NMDAR is upregu-

lated by tissue plasminogen activator (tPA) after ECT [45,48]. 

ECT promotes synthesis and release of tPA, and tPA mediates 

the excitatory signal by calcium influx via NMDAR. As the lev-

el of tPA is increased, NMDAR is upregulated and activated 

following ECT [48,49]. In NMDAR encephalitis, the activity of 

NMDAR is inhibited due to receptor-specific antibodies, caus-

ing psychiatric symptoms and hyperkinetic movements 

[46,50]. Beyond control of hyperkinetic motor symptoms, 

NMDAR upregulation consequent to ECT might also have a 

therapeutic effect on the disease course. 

Several animal studies showed that ECT promoted the syn-

thesis of neurotrophic factors, including brain-derived neuro-

trophic factor [24,25,51]. By increasing neurotrophic factors, 

ECT influences microglial cells and the immune system, lead-

ing to neurogenesis and gliogenesis [20,51]. However, as most 

of the hypotheses are based on animal studies, further clinical 

studies on NMDAR encephalitis are needed to understand 

the exact mechanisms. 

Conclusions 
ECT is widely used to treat psychiatric symptoms by applying 

brief electrical stimulation to the brain and inducing con-

trolled seizures. The therapeutic mechanisms of ECT are 

complicated, including changing neuronal plasticity and lim-

bic structure by increasing inhibitory GABA signals via repeti-

tive seizures, neuroendocrine changes, and neuroinflamma-

tion. Although there have been several reports of epilepsy de-

velopment after ECT, the general prevalence is relatively low. 

The anticonvulsant effect related to inhibitory neuropeptides 

including GABA and long-term neuroplasticity is thought to 

be greater than seizure provocation effect based on the re-

views to date. Furthermore, ECT can be applied to control 

symptoms of encephalitis, especially dyskinesia symptoms of 

NMDAR encephalitis. Additional clinical research on the rela-

tionship of ECT with seizures and epilepsy is needed. 
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