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INTRODUCTION

Various kinds of brain stimulation therapies are widely 
used to treat discrete psychiatric disorders. Deep brain stim-
ulation, repetitive transcranial magnetic stimulation, and va-
gus nerve stimulation are just a few of the tools used to stimu-
late the brain’s neurons in the hope of achieving beneficial effects 
for patients with psychiatric diseases. Electroconvulsive ther-
apy (ECT) is one of the oldest and most popular ways to achieve 
therapeutic effects by stimulating the brain with the help of elec-
trical currents.1,2 ECT had a poor initial reputation due to the 
use of electricity directly on the patient’s head. But treatment 
procedures have evolved significantly and proven to be safe 
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and effective. The introduction of anesthesia and muscle re-
laxants greatly improved the subjective treatment experience, 
in addition to decreasing serious side effects such as spine frac-
tures or dental issues. The therapeutic effect of ECT emerges 
from the induction of a generalized seizure.3 The minimal 
amount of electrical energy needed to induce seizures is known 
as the seizure threshold (ST). It is commonly believed that 
treatment efficacy is related to stimulus dose relative to ST, but 
higher stimuli usually also increase unwanted side effects.3-6 
Many treatment protocols, therefore, advise the use of just-
above-threshold energy levels and provide guidance to find 
those numbers.7,8 Clinicians can use different algorithms to 
estimate initial ST, though some studies still emphasize the ef-
ficacy of empirical titration or fixed high initial dose methods.7,9

ST varies greatly by individual and can be affected by many 
factors.1 Previous studies agree that male sex, older age, higher 
body mass index (BMI), and bilateral electrode placement are 
associated with higher ST.2,3,10 The contribution of benzodi-
azepines and anticonvulsant drugs to ST was partially con-
firmed by a Japanese study that found that prescriptions of 
benzodiazepines correlated with higher ST.11 Many efforts 
were made to counteract such increases in ST. The electrical 
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waveform was changed from a sine wave to a brief pulse, fur-
ther evolving to an ultra-brief pulse.4 Hyperventilation, ad-
justment of electrodes, and even proconvulsants were also 
considered, but not all trials were successful.12,13 Despite such 
efforts, ways to predict ST remain understudied. Among the 
few studies that do exist, an even smaller number focus on 
factors that affect the shift of ST during the course of ECT. 
One study in Bangkok showed that the magnitude of ST shifts 
associates positively with the number of sessions and nega-
tively to initial ST, change in seizure duration, and response 
status.14 Other studies pointed out that younger age and the 
use of psychotropic drugs may be associated with lower sei-
zure thresholds, but none examined the effects of drugs on 
the shift of ST during ECT, even though most patients rou-
tinely take concurrent psychotropic medication while under-
going treatment.15-17 Therefore, in this study, we focus on the 
effects of psychotropic drugs, both antipsychotics and anti-
depressants, on the ST shift in patients receiving ECT.

METHODS 

Participants
We performed a retrospective study to investigate the effects 

of psychotropic drugs on ST among patients who received 
ECT at Korea University Guro Hospital (KUGH) between Feb-
ruary 2009 and June 2015. Patients with a history of seizure 
disorders or other medical emergent conditions were exclud-
ed. A total of fifty-eight subjects received ECT during the study 
period. Patients were excluded if treatment was aborted due to 
side effects or any other reasons before the 10th session (n=12) 
because we intended to investigate the ST shift during the 
course of consecutive ECT sessions. We included 43 subjects 
in the final data analysis. Among them, 5 had hypertension, 
7 had diabetes, and 3 patients had subclinical hypothyroid-
ism as medical comorbidities. Patients’ psychiatric disorders 
were diagnosed according to the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV-R) by at least two expe-
rienced psychiatrists in the usual clinical settings at KUGH. 
ECT was administrated with concurrent antipsychotics and 
antidepressants. Benzodiazepine, mood stabilizers with anti-
convulsant effects such as lithium and valproic acid, and z-
drugs such as zolpidem were tapered out before initiating ECT 
and not used until all treatment sessions ended. We document-
ed ECT variables (including the time interval between the last 
and current titration sessions) and concomitant medication 
using medical records. The study protocol was approved by the 
Institutional Review Board of KUGH, and we obtained writ-
ten informed consent from all participants for use of their clini-
cal data. Consent was taken from guardians if the participant 
was thought to be unable to make clear decisions himself.

ECT procedures
All patients were admitted to KUGH at least one week be-

fore starting ECT procedures. We used a MECTA SpECTrum 
5000Q apparatus for seizure induction. Patients were hyper-
ventilated with 100% oxygen for 10 seconds and anaesthetized 
using propofol (1–2 mg/kg). We used succinylcholine (0.5 mg/
kg) to induce muscle relaxation and conducted clinical mon-
itoring, including electrocardiographic and electroencephalo-
graphic (EEG), throughout the whole procedure. Propofol and 
succinylcholine doses were kept consistent throughout all 
treatment sessions. We placed ECT electrodes at the bilateral 
temporal areas and applied the electrical stimulus as soon as 
the patient reached the deepest stage of anesthesia. Initial stim-
ulus strength varied between 10J and 15J, converted from the 
recommended initial 50 mC at 220 ohm patient impedance.8 
Seizure induction was considered successful if the seizure last-
ed for more than 25 seconds. Stimulus strength was maintained 
after a successful session. After an unsuccessful trial, we in-
creased stimulus strength stepwise by 2J to 5J per trial. We per-
formed a maximum of 4 stimulations at each treatment ses-
sion, with an interval of at least 30s between stimuli. Each 
patient underwent 10 to 20 sessions, based on the psychiatrist’s 
clinical decision. We considered the stimulus strength of the 
first successfully induced seizure to be the minimal ST. We used 
the cuff method to determine seizure duration, along with mas-
toid EEG channels.

Statistical analysis
We present the following data: initial ST is the amount of 

electrical energy used to induce a successful seizure at the first 
session; ΔST10th is the difference in ST between the first and 
10th sessions; mean ΔSTlast is the mean difference in ST be-
tween the first and last sessions. We used stepwise multivari-
ate regression analyses to find associations between those 
data and the doses of psychotropic medication, adjusting for 
age, sex, and BMI. We performed univariate regression anal-
yses to find associations between laboratory test results and 
ST. We used covariance analyses to find differences in variables 
between clinical subgroups divided by types of prescribed medi-
cation, adjusting for age, sex, and BMI. All statistical analyses 
were performed using the SPSS 19 statistical package (IBM 
Corp., Armonk, NY, USA).

RESULTS

Demographics and clinical variables
Of the 43 patients included in the study, 20 were male, and 

the other 23 were female. The mean age of all participants was 
41.44 years (SD=15.89), with a total range from 15 to 71 years 
old. 29 patients were diagnosed with schizophrenia, 4 with 
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schizoaffective disorder, 9 with major depressive disorder, and 
1 with bipolar disorder, according to DSM-IV-R criteria. All 
medication was prescribed by psychiatrists. Use of benzodi-
azepines, z-drugs, and anticonvulsants was avoided during 
ECT administration. Patients were taking the following anti-
psychotics and antidepressants: clozapine (n=6), amisulpride 
(n=9), aripiprazole (n=5), olanzapine (n=18), risperidone 
(n=1), quetiapine (n=20), haloperidol (n=1), paliperidone 
(n=5), chlorpromazine (n=1), blonanserin (n=1), escitalopram 
(n=7), sertraline (n=1), mirtazapine (n=2), duloxetine (n=1), 
venlafaxine (n=3), amitriptyline (n=1), trazodone (n=1), bu-
propion (n=1). Participants took an average of 1.91 (SD=1.02, 
range 0–5) different psychotropic drugs during ECT. The mean 
number of types of antipsychotics and antidepressants used 
were 1.53 (SD=0.74, range 0–3) and 0.37 (SD=0.76, range 0–4), 
respectively. We converted the dose and types of antipsychot-
ics and antidepressants into chlorpromazine (CPZ) and fluox-
etine (FXT) equivalences, respectively.18-20 For detailed informa-
tion on drug dose equivalences (Table 1). Patients received an 
average of 14.4 sessions of ECT (SD=3.06, range 10–20). So-
ciodemographic data are summarized in Table 2.

Effect of psychotropic drugs on ST
Of the 43 patients, 40 used at least one antipsychotic drug, 

12 used more than one antidepressant, and 3 did not take any 
psychotropic medication while undergoing ECT (Table 2). 
The total CPZ equivalent dose of antipsychotics (Β=0.363, 
p<0.05) was positively associated with initial ST. The total 
FXT equivalent dose of antidepressants, on the other hand, 
was positively associated with ΔST10th (Β=0.486, p<0.01) and 
mean ΔSTlast (Β=0.472, p<0.01) (Figure 1).

Effect of combination therapy on ST
We divided the subjects into four subgroups to further ana-

lyze the effects of drug combinations: 11 patients took only one 
antipsychotic medication, 6 patients took one antipsychotic 
in combination with antidepressants, 17 patients took multi-
ple antipsychotics, and 6 patients took multiple antipsychot-
ics in combination with antidepressants (Table 2). We per-
formed an ANCOVA for initial ST, ΔST10th, and mean ΔSTlast 
and adjusted the results for age, sex, and BMI. The initial ST was 

Table 1. Type and equivalent dose of antipsychotics and antide-
pressants

Drug Dose equivalence
Antipsychotics

Amisulpride 125
Aripiprazole 7.5
Blonanserin 4
Chlorpromazine 100
Clozapine 50
Haloperidol 2
Olanzapine 25
Paliperidone 3
Quetiapine 75
Risperidone 2

Antidepressants
Amitriptyline 3.3
Bupropion 1.2
Duloxetine 6.6
Escitalopram 20
Fluoxetine 10
Mirtazapine 7.5
Sertraline 4
Trazodone 1
Venlafaxine 2.7

Data presented as chlorpromazine-equivalent dose for antipsychot-
ics; fluoxetine-equivalent dose for antidepressants

Table 2. Sociodemographic and clinical characteristics of the 
study sample

Clinical variables
Patient characteristics, N (%)

Male 20 (46.5)
Female 23 (53.5)
Mean age, in years 41.44

Diagnosis, N (%)
Schizophrenia 29 (67.4)
Schizoaffective disorder 4 (9.3)
Major depressive disorder 9 (20.9) 
Bipolar disorder 1 (2.3)

Drug use, N (%)
No drug use 3 (7.0)
Antipsychotics 40 (93.0)
Antidepressants 12 (27.9)

Number of used drugs, mean±SD
Total psychotropic drugs 1.91±1.02
Types of antipsychotics 1.53±0.74
Types of antidepressants 0.37±0.76

Drug combination, N (%)
One antipsychotic 11 (25.6)
One antipsychotic+any antidepressants 6 (14.0)
Antipsychotic combination 17 (39.5)
Antipsychotic combination+any antidepressants 6 (14.0)

ECT, mean±SD
Sessions 14.40 ±3.06

ECT: electroconvulsive therapy, SD: standard deviation
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highest in the group using multiple antipsychotics in combi-
nation with antidepressants (45.23±23.02) and lowest in the 
group using only one antipsychotic (32.89±6.16). ΔST10th and 
mean ΔSTlast showed similar results (31.14±23.50 vs. 74.22± 
50.36, and 3.52±2.72 vs. 6.67±4.33, respectively). Those results 
suggest that use of multiple drugs is associated with higher 
initial ST and greater increases of ST during ECT (Table 3). How-
ever, those differences were not statistically significant.

Laboratory test results and ST
Lab results were significant. Initial ST was positively associ-

ated with serum triglyceride levels (Β=0.390, p<0.05). ΔST10th 
showed positive associations with serum low density lipo-
protein (LDL) (Β=0.412, p<0.05), and serum triiodothyronine 
levels showed associations with mean ΔSTlast (Β=0.326, p<0.05). 
See Table 4 for a summary of all regression analyses.

DISCUSSION

Optimal electrical stimulus is critical for inducing therapeu-

tic seizures in ECT. As previous studies suggest, energy levels 
exceeding ST are necessary to achieve proper therapeutic ef-
fects.3-8 Our research focused on the effects of psychotropic 
drugs on initial ST and the shift of ST during ECT. We found 
that both antipsychotics and antidepressants affect the increase 
of ST, and their associations seem to have dose-dependent 
patterns. Higher doses of antipsychotics are associated with 
higher initial ST, and higher doses of antidepressants are asso-
ciated with larger shifts of ST during the course of treatment. 

It was traditionally thought that dopamine agonists could 
provoke and modulate seizures, increasing the number and 
severity of attacks.21 One Japanese study investigated the effects 
of antipsychotic drugs on epilepsy patients and found that the 
group taking antipsychotic agents tended to have fewer sei-
zure incidents than controls.22 Dopamine antagonists, how-
ever, showed inconsistent effects in provoking seizures. Some 
studies suggested that antipsychotics have dose-dependent 
proconvulsive characteristics.23 Several articles particularly 
pointed to the epileptogenic properties of clozapine.24-26 On the 
other hand, consistent with our results, other studies reported 

Table 3. ANCOVA results for associations between drug combinations and seizure threshold

One AP One AP+any AD AP combination AP combination+any AD F p-value
Initial ST 32.89±6.16 34.05±10.12 37.73±11.61 45.23±23.02 1.199 0.328
ΔST10th 31.14±23.50 50.85±59.72 54.86±44.28 74.22±50.36 0.630 0.645
Mean ΔSTlast 3.52±2.72 5.39±5.90 5.98±3.96 6.67±4.33 0.491 0.742
Data presented as mean±standard deviation. Adjusted for age, sex, and BMI. Variables: ΔST10th, difference in seizure thresholds between first 
and 10th sessions, mean ΔSTlast: mean difference in seizure thresholds between first and last sessions. ANCOVA: analysis of covariance, AP: 
antipsychotic, AD: antidepressant, ST: seizure threshold in jaules, BMI: body mass index

200

CPZ equivalence

ΔS
T 1

0t
h

150

100

50

0
0 500 2,0001,000 1,500

B

100

CPZ equivalence

In
iti

al
 S

T

80

60

40

20

0
0 500 2,0001,000 1,500

A

20

FXT equivalence

m
ea

n 
ΔS

T l
as

t 15

10

5

0
0 1,000 4,0002,000 3,000

F

20

CPZ equivalence

M
ea

n 
ΔS

T l
as

t 15

10

5

0
0 500 2,0001,000 1,500

C

100

FXT equivalence

In
iti

al
 S

T

80

60

40

20

0
0

D
1,000 4,0002,000 3,000

200

FXT equivalence

ΔS
T 1

0t
h

150

100

50

0
0

E
1,000 4,0002,000 3,000

Figure 1. Psychotropic drug doses and their association with ST. A: Antipsychotics and initial ST. B: Antipsychotics and ΔST10th. C: Antipsy-
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possible anticonvulsant effects for antipsychotic medication, 
especially second-generation drugs.15,17 A recent study found 
antiepileptic effects of aripiprazole during pharmacologically 
or electrically induced seizures in mice.27 

The exact mechanisms by which antipsychotics affect ST re-
main unknown, but some plausible explanations are possible. 

First, dopamine itself is known for its possible seizure-evok-
ing properties. Dopamine, mainly through D1 receptors in the 
midbrain, has been shown to have proconvulsant effects.28 
Animal studies confirmed that injection of D1 agonists can 
stimulate convulsions, just as cholinergic agonists do.29-31 The 
proconvulsive effects of dopamine agonists have also been shown 
to increase the severity of electrically induced seizures.32 An-
tipsychotic drugs might counter such actions through their 
dopamine antagonistic properties, which might increase ST.

Second, antipsychotics might have anticonvulsant effects 
via regulation of gamma-aminobutyric acid (GABA) transmis-
sion. GABA is already known to play an important role in ele-
vating ST, as shown by medications such as barbiturates or ben-
zodiazepines.33,34 ECT itself leads to higher ST and increased 
GABA levels as sessions progress, adding additional weight to 
the link between GABA and anticonvulsant effects.35 Anti-
psychotics also induce an increase in intracerebral GABA con-
centrations. A study on rats showed that the administration 
of antipsychotic drugs led to a decrease in the density of GABA 
receptors, thereby indicating increased activity in the GAB-
Aergic system.36 How antipsychotics affect GABA is not yet 
clear, but animal studies suggest that dopamine antagonists, 
the main mechanism for most modern antipsychotics, seem to 

decrease the inhibitory effects of GABA antagonists, thereby 
leading to increased GABA activity.37 Primate studies have also 
revealed that GABAergic neurons express D4 receptors in var-
ious brain regions, including the cortex, hippocampus, basal 
ganglia, and substantia nigra, contributing to the idea that do-
pamine plays a role in GABAergic modulation.38 More recent 
in vitro studies suggest that dopamine has a biphasic effect 
on GABA: D2 agonists induce a rapid but short decrease in 
excitability, whereas D1 agonists lead to a slower but longer 
increase.39 This finding coincides with previous animal stud-
ies that used D1 receptor antagonist on rat brains to observe 
the consequent decrease of GABA release from striatal termi-
nals.40,41 In vitro experiments supported the idea of D1-medi-
ated excitatory influence and D2-mediated inhibitory action 
on GABA, but they also suggested a third excitatory pathway 
that does not depend on calcium channels, unlike the two pre-
viously mentioned pathways.42 Those results imply that anti-
psychotics could have antiepileptic effects through D2 antag-
onistic properties.

Third, the choice of antipsychotic medication might have af-
fected outcomes directly. Previous reviews suggest that chlor-
promazine and clozapine have higher risks for inducing sei-
zures, whereas newer drugs such as risperidone, quetiapine, 
and olanzapine have relatively low risks.43,44 A study examin-
ing the EEG recordings of psychiatric patients also supports 
those results, stating that EEG abnormality risks vary among 
antipsychotic agents from clozapine at 47.1% to quetiapine at 
0.0%.45 Most patients in our study took second-generation an-
tipsychotics. Almost all patients had quetiapine or olanzapine 

Table 4. Multiple regression analysis of factors affecting ST

Variable
Initial ST ΔST10th Mean ΔSTlast 

B SE B β B SE B β B SE B β
Demographics

Age 0.165 0.141 0.208 0.311 0.467 0.116 0.038 0.044 0.150
Sex -3.792 4.387 -0.153 3.739 14.503 0.044 -0.221 1.371 -0.028
BMI 0.616 0.438 0.215 1.9030 1.447 0.194 0.178 0.137 0.195

Psychotropic drug dose
Antipsychotics 0.010 0.005 0.363* 0.016 0.015 0.168 0.001 0.001 0.104
Antidepressants 0.004 0.004 0.145 0.045 0.014 0.486† 0.004 0.001 0.472†

Lab results
Triglyceride 0.057 0.023 0.538* -0.041 0.094 -0.086 -0.005 0.009 -0.112
LDL -0.115 0.062 -0.396 0.635 0.257 0.492* 0.055 0.023 0.473*
T3 0.001 0.001 0.105 0.011 0.005 0.369* 0.001 0.000 0.390*

R2 0.254 0.298 0.533
F 2.518* 3.134* 2.944*
Variables: ΔST10th, difference in seizure thresholds between first and 10th sessions, mean ΔSTlast: mean difference in seizure thresholds between 
first and last sessions. *p<0.05, †p<0.01. ST: seizure threshold in jaules, BMI: body mass index, LDL: low density lipoprotein, B: regression co-
efficient, SE: standard error, β: standardized regression coefficient, T3: triiodothyronine
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prescribed as their primary medication. Amisulpride, clozap-
ine, risperidone, and other drugs were used in much lower 
numbers. No patient took chlorpromazine during the study. 
This preference for low-risk drugs might have affected our study 
in several ways, although the exact reason for the difference in 
seizure-inducing risk remain to be unveiled. The discrepancy 
between first- and second-generation medications might re-
sult from the different receptors that the drugs target. Modern 
drugs are mostly serotonin-dopamine antagonists, differenti-
ating from classical agents through their occupancy of 5-HT 
receptors.46 This action gives second-generation drugs their 
anti-depressive properties and might also contribute to anti-
convulsive effects through GABAergic modulation.

Another major finding of our study is the effect of antidepres-
sants on ST during ECT. We discovered that antidepressants 
alter the shift of ST during the course of ECT sessions, result-
ing in larger and more drastic ST rises. Previous reports on the 
topic were controversial to some extent, showing mixed re-
sults. Antidepressants were traditionally thought to have the 
rare consequence of increased seizure risks.47 Previous reports 
revealed that risks for developing seizures in patients taking 
newer antidepressants is as low (0.0–0.4%) as in the general 
population (0.07–0.09%).48 More recent animal studies, how-
ever, emphasized the possible antiepileptic effects of antide-
pressants: Rats under long-term exposure to antipsychotics 
and antidepressants were observed for seizure development, 
and both fluoxetine and duloxetine exhibited anticonvulsant 
effects.49

Although the exact mechanisms are unknown, there are 
possible explanations for the effects of antidepressants on ST. 
GABAergic regulation caused by changes in serotonin levels 
might be the first plausible reason. SSRIs, among other class-
es of antidepressants, were reported to upregulate GABA re-
ceptors in animal models and clinical studies.50,51 Other stud-
ies also found that serotonin stimulates GABAergic interneurons 
directly.52,53 5-HT2 and 5-HT3 receptors are responsible for the 
release of GABA from GABAergic interneurons in the hippo-
campal region and dentate gyrus, respectively.54 Hence, in-
creased serotonin concentrations lead to higher GABA levels, 
resulting in stronger anticonvulsant effects. Evidence for such 
effects is also seen in an animal study performed on epileptic 
rats and through studies on endogenous serotonin or acute 
administration of selective serotonin reuptake inhibitors in 
clinical settings.55-57 This hypothesis is also supported by the 
fact that anticonvulsants such as carbamazepine increase the 
release of serotonin in patients undergoing pharmacotherapy.17

Second, norepinephrine (NE), a neurotransmitter common-
ly modulated by antidepressants, also seems to contribute to 
seizure control. Previous studies indicated that NE target ar-
eas, such as the stria terminalis or hippocampus, show increased 

GABAergic activity when exposed to chronic stress.58 An an-
imal model promoted this idea by showing that the adminis-
tration of reboxetine, a powerful NE reuptake inhibitor, increas-
es GABAergic transmission in the limbic areas of rats.59 Similar 
conclusions were obtained in other animal studies: increased 
GABA concentrations occurred in the hypothalamic and hip-
pocampal areas of rats following stimulation by NE.60,61 This 
GABA increase can result in higher ST, as explained above.

Third, evidence suggests that NE can affect seizures in other 
ways than by mediating GABA levels. An animal study report-
ed that mice engineered to lack NE showed greater seizure 
susceptibility than control groups, also displaying higher se-
verity and mortality rates from induced seizures.62 The role 
of NE in epilepsy was initially depicted through a kindling mod-
el, reproduced by engineered rats, in which NE seemed to de-
lay the onset of seizure ‘kindling’ by the amygdala.63,64 More 
recent studies have revealed that NE also counteracts the de-
velopment of epileptic circuits and even increases neuronal 
damage caused by epileptic states.65

Apart from the effects of psychotropic drugs, our study also 
found that higher levels of serum triglycerides correlated with 
higher initial ST, and higher serum LDL levels correlated with 
higher ΔST10th values. Related ideas can be traced back to the 
classical ketogenic diet designed for children with intractable 
epilepsy. A diet of high fats and low carbohydrates is expected 
to be ketogenic and increase serum ketone levels. Ketosis is 
anticipated to activate the tricarboxylic acid cycle and increase 
GABA synthesis, leading to increased antiepileptic effects.66,67 
Correlations between high cholesterol levels and raised ST 
were also observed in an animal study on epileptic monkeys.68 
We did not examine serum ketone levels, which is one of the 
limitations of our study. 

Modern drugs offer treatment choices of great efficacy to 
most clinicians. However, the number of treatment-resistant 
cases is increasing, making ECT an attractive, if not mandato-
ry, treatment option.69 The American Psychiatric Association 
Task Force on ECT advises practitioners to stop concomitant 
use of psychotropic drugs to prevent possible adverse effects,70,71 
although reviews show that most psychiatric patients ultimate-
ly end up receiving more than two psychotropic medications.72 
Still, because energy levels beyond ST usually accompany more 
adverse effects, discontinuation of psychotropic drugs has 
been a customary habit for many clinicians.73 That tradition 
is questionable because recent reports suggest that ECT in-
duces 5-HT receptor sensitization, possibly leading to increased 
drug efficacies in treatment-resistant patients.74 Future treat-
ment-resistant cases might arise, forcing clinicians to reach 
out for ECT with concomitant poly-pharmacy. Previous re-
search suggests that use of antipsychotic and antidepressant 
drugs can lower ST and increase seizure risks in those situa-
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tions. Our results, on the other hand, imply that modern drugs 
can actually raise ST, unlike most classical drugs. These find-
ings can help predict delicate changes in ST, providing hints for 
safer treatment techniques with fewer side effects and more 
effective results.

The strength of this study is that we considered both anti-
psychotics and antidepressants in our search for possible ef-
fects on ST during ECT. Our research also has several limita-
tions. First, the population size was small, and the proportion 
of patients taking antidepressants was smaller than that of pa-
tients taking antipsychotics. Larger populations could lead to 
more precise results. Second, we used equivalent dose calcula-
tions to compensate for the variety of psychotropic medica-
tions, but no universal guideline for such conversions has been 
published. Nevertheless, those conversions are widely used in 
clinical practice. Third, one of our participants was taking bu-
propion as an antidepressant although there are studies claim-
ing that bupropion lowers seizure threshold. The small dose 
(300 mg) is less likely to make a big difference but this might 
have affected our results. Fourth, previous studies described 
about the correlations between age and seizure thresholds. 
Our study also showed positive correlations between age and 
seizure threshold shifts, but the results were not shown to be 
significant. We believe that a larger number of participants 
would have resulted in more significant outcomes.

In conclusions, this study identified factors that affect ST 
during ECT, specifically focusing on the effect of psychotro-
pic drugs. We found that larger doses of antipsychotics are 
associated with higher initial ST, whereas antidepressants are 
associated with stronger shifts of ST, resulting in a steeper in-
crease. The number and amounts of concomitantly used psy-
chotropic drugs should always be kept in mind because ti-
trating for ST is crucial for optimal outcomes. Higher drug 
doses might demand higher initial energy levels and even 
larger titration intervals to obtain the best treatment results. 
Our findings provide a basis for creating safer and more effi-
cient ECT protocols.
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