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Abstract: Background: electroconvulsive therapy (ECT) is the most effective treatment in treatment-
resistant depression (TRD), but its response remains partial. Identifying useful indicators to guide
decision making for treatment and improve clinical response remains a major issue. The objective of
the present retrospective study was to determine if clinical response—early (after 5 ECT sessions)
or longer-term (after 12 ECT sessions)—was associated with postictal suppression during the first
ECT course and/or with postictal suppression frequency during the whole ECT course. Methods:
in a retrospective study, the data of 42 patients suffering from treatment-resistant depression and
receiving at least 5 ECT sessions were collected. Two sessions per week of bitemporal brief-pulse ECT
sessions were administered to patients. Each of the electroencephalography (EEG) recordings were
assessed to determine the presence of postictal suppression. Results: the postictal suppression from
the first ECT session predicted a better long-term clinical response (after 12 ECT sessions), but not
early clinical response (after only 5 ECT sessions). The postictal suppression frequency was associated
with neither the short- nor the long-term clinical response. In addition, postictal suppression and
short-term cognitive performances were not associated. Conclusions: this EEG indicator is clinically
useful if it appears in the first ECT sessions, but it is no longer relevant in the following sessions.

Keywords: electroconvulsive therapy (ECT); treatment-resistant depression (TRD); postictal suppression;
electroencephalography (EEG)

1. Introduction

It is widely accepted that electroconvulsive therapy (ECT) is the most effective treat-
ment in treatment-resistant depression (TRD). However, its response may vary from patient
to patient, with response rates ranging from 39% to 85% in patients with previous phar-
macotherapy failure [1]. Identifying useful data to guide decision making for treatment
techniques and improve clinical responses remains a major issue. Current guidelines rec-
ommend electroencephalography (EEG) monitoring of the seizure to assess seizure quality
across the course of ECT treatment [2]. According to a recent review of the literature,
postictal suppression seems to be the ictal EEG index most frequently associated with better
clinical response [3]. Postictal suppression or electrical silence is the period of suppression
of bioelectric activity following seizure termination.

This inhibition is due to the release of inhibitory neurotransmitters, with the great-
est evidence indicating a role for gamma aminobutyric acid (GABA) [4]. Francis-Taylor
et al. (2020) highlighted that the significant relationship between postictal suppression [3]
and clinical outcome was mainly demonstrated by multivariate ictal EEG models [5-8]
(i.e., integrating several EEG variables), precluding quantitative examination with a meta-
analysis. Nevertheless, several studies have established that clinical improvement is directly
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associated with greater postictal bioelectric suppression in univariate predictive models.
Among these studies, the clinical outcome was measured at variable times: (i) at the very
start of the ECT course, after two [9] or three ECT sessions [10]; (ii) during the ECT course,
after six ECT sessions [11,12]; (iii) and after the end of the ECT course [13-15]. In addition,
postictal suppression was studied either during one specific ECT session—usually the first
or second ECT session [7,9,10,12], allowing researchers to test whether this index was a
predictor of response to ECT—or throughout the different sessions, exploring relationships
between postictal suppression and clinical outcome [5,6,8,11,13-15]. This methodological
variability does not allow researchers to clearly establish whether postictal suppression
predicts the clinical response in the short, medium or long term.

Until now, few studies have focused on relationships between ictal EEG measures
and the side-effects of ECT. To our knowledge, only Perera et al. (2004) included cognitive
outcome measures to assess whether peri-ictal EEG features were associated with the
cognitive effects of ECT [14]. No significant association was demonstrated between EEG
features and acute (immediately after each ECT session) or short-term (2-7 days following
the course of ECT) cognitive effects.

With these issues in mind, the aim of the present retrospective study is to determine
if clinical response—early (after 5 ECT) or longer-term (after 12 ECT)—is associated with
postictal suppression during the first ECT, or with postictal suppression frequency during
the whole ECT course. In the second aim, the evolution of postictal suppression over the
ECT sessions is studied. In the third and final aim, the relationship between cognition side
effects and postictal suppression is explored. We hypothesize that postictal suppression
during the first ECT predicts an early and longer-term clinical response, and that postictal
suppression frequency during the whole ECT course is significantly associated with early
and longer-term clinical response.

2. Methods
2.1. Participants

In this retrospective study, information was extracted from clinical files of Rouvray
Hospital in Sotteville-Les-Rouen (France). Participants were inpatients referred for ECT
by their psychiatrist for treatment-resistant depression. These patients typically failed to
achieve a clinical response to three separate trials of antidepressants from different classes
(at least one of which was a tricyclic) at sufficient dose for at least six weeks, according to
stage III of Thase and Rush criteria [16]. The number of ECT sessions to be administered
was based on the patient’s clinical response.

Inclusion criteria for the present study were patients who: (i) were aged 18 to 70 years;
(ii) had a current DSM-1V diagnosis of major depressive episode, with a 21-item Hamilton
Depression Rating Scale (HDRS) score of at least 15 [17]; (iii) had received at least 5 ECT
sessions; and (iv) had sufficient knowledge of the French language for the clinical and
cognitive assessments. Patients were excluded from the study if: (i) they had already
received ECT treatment for the current episode; (ii) their pharmacological treatment (antide-
pressants and/or mood stabilizers) were not stable during ECT treatment; and (iii) if they
were suffering from a neurological disorder.

Informed consent was obtained from all patients involved in the study. Under French
ethical law (public health code), retrospective studies based on the exploitation of routine
care data do not have to be submitted to an ethics committee. This study was conducted in
accordance with the declaration of Helsinki.

2.2. Electroconvulsive Therapy

ECT treatment was delivered using a MECTA Spectrum 5000 Q (MECTA Corp,
Tualatin, OR, USA) or a Thymatron System IV device (Somatics Inc., Lake Bluff, IL, USA)
and used bitemporal brief-pulse ECT sessions with two sessions per week. The seizure
threshold was determined by an individual titration method during the first ECT ses-
sion [18]. A maximum of three stimulations was allowed during the titration sequence. The
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initial stimulation was administered at twice the seizure threshold, then was permitted to be
increased during the course of treatment, if the session was considered ineffective. In such
cases, another stimulation with a one-step increase of 50% was delivered. A session was
considered effective if the EEG seizure lasted either longer than 20 s or 15 to 20 s followed
by a postictal suppression [13]. The anesthetic was propofol (2,6-di-isopropylphenol) at
doses of 1 to 2 mg/kg, with curare (suxamethonium chloride) at doses of 0.3 to 0.8 mg/kg
for short-term paralysis.

2.3. Postictal Suppression Determination

Each EEG was assessed by two psychiatrists and one senior psychiatrist with over
10 years of experience in the field of ECT. In case of disagreements between the two
psychiatrists, the senior psychiatrist made the decision. Postictal suppression was defined
as a flat line (at least 5 s) in the period immediately following the electrically-induced
seizure. The postictal suppression frequency was calculated by dividing the number
of sessions where the patient had postictal suppression by the total number of sessions
administered to the patient.

2.4. Assessments

HDRS was used to assess depressive symptoms before ECT, and after 5 and 12 ECT
sessions [17]. Assessing after 5 ECT sessions seems to be a good indicator of early response
to ECT; this is because the decrease in depression scores over the ECT treatment course was
steep and regular during the first five ECT sessions, before becoming more flattened [19].
The relative improvement was calculated using the following index: (Pre-treatment HDRS
score minus Post-treatment HDRS score) /Pre-treatment HDRS score. All patients had a
cognitive assessment before and during ECT treatment (within 24 h after the fifth ECT
session) with the following tests: (i) the Mini-Mental State Examination to assess global
cognitive functioning [20]; (ii) the RL/RI-16 [21] and the Doors test [22] assessing verbal
and visual memory performances, respectively; (iii) the D2 test of attention [23]; (iv) and
the Rey—-Osterrieth complex figure assessing visuospatial /constructional ability, planning,
and organization [24].

A Squire Subjective Memory Questionnaire (SSMQ) and Cognitive Failures Question-
naire (CFQ) were self-administered to assess subjective cognitive functioning [25,26].

2.5. Statistical Analysis

The relative improvement in HDRS scores—between Pre-treatment and after 5 ECT
sessions, and between Pre-treatment and after 12 ECT sessions—were compared between
patients who underwent postictal suppression during the first ECT and those who did
not, using Mann-Whitney’s nonparametric test; this was because of the small sample
size. Size effects were estimated with eta squared (*) [27]. Linear regression was used to
explore whether postictal suppression frequency (number of sessions where the patient had
postictal suppression <+ number of sessions administered to the patient) could be associated
with clinical improvement after 5 and 12 ECT sessions. Pearson correlation evaluated
whether there was any statistical relationship between postictal suppression frequency
over the first 5 sessions and the evolution of cognitive performance (between baseline and
the 5th ECT session). Bonferroni correction for multiple comparisons was applied due to
the high number of tests on cognitive variables. The change in the percentage of patients
with postictal suppression over the course of the ECT sessions was tested with Cochran’s Q
test. A statistical univariate model was favored, in order to easily conclude whether or not
postictal suppression is clinically useful and facilitate future meta-analyses. The analyses
were conducted using SPSS, version 28 (IBM, Armonk, NY, USA).
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3. Results
3.1. Sample Characteristics

The data of 42 patients receiving at least 5 ECT sessions were collected. Additional
information for up to 12 ECT sessions could be collected among 29 patients. The demo-
graphic and clinical characteristics are reported in Table 1. The group of patients for which
clinical and EEG data were collected for up to 12 ECT sessions (n = 29) did not statistically
differ from other patients (n = 13) for all characteristics, except for the total number of
ECT sessions (mean (SD) = 18.8 (3.7) in the group receiving at least 12 ECT sessions versus
13.5 (5.5) in the other patients; p = 0.004). The determination of postictal suppression during
the first ECT session was not possible in two patients due to the too-early interruption of
the EEG, and the HDRS score after 5 ECT sessions was missing for one patient.

Table 1. Characteristics of the sample.

Patients Treated for at Least Patients Treated for at Least
5 ECT Sessions 12 ECT Sessions

Sample Size 42 patients 29 patients

Age (years): mean (SD) 47.64 (14.64) 47.86 (13.77)
Female sex 59.5% 55.2%
Graduate studies 57.1% 65.5%
Married 50.0% 48.3%
Employed 40.5% 44.8%

Duration of current episode (months) 26.69 (27.18) 23.94 (25.36)

Duration of mood disorder (years) 17.10 (12.15) 15.93 (10.82)
Bipolar disorder 35.7% 37.9%
Suicide Risk 88.1% 86.2%

Baseline HDRS 26.14 (5.43) 25.86 (5.67)

HDRS after 5 ECT sessions 17.49 (7.37) 18.10 (7.54)

HDRS after 12 ECT sessions - 10.26 (5.17)

Total number of ECT sessions 17.12 (4.92), [5;27] 18.97 (2.13); [13;20]

during treatment: mean (SD), range

Notes. Frequencies or means (standard deviation) are reported in the table. The two samples are not independent.
The patients of the group receiving 12 ECT sessions also belong to the group receiving 5 ECT sessions. ECT:
electroconvulsive therapy; HDRS: Hamilton rating scale for depression.

3.2. ECT Parameters

The mean (SD) electrical charges in milliCoulombs were: 80.19 (35.32) during the
first ECT session (1 = 42), 263.60 (177.57) during the 5th ECT session (n = 42) and 404.34
(331.01) during the 12th ECT session (1 = 25). According to ECT devices, pulse width
varied between 0.3 and 0.5 ms (mean (SD) = 0.38 (0.10)) during the first ECT session and
between 0.3 and 1 ms (mean (SD) = 0.44 (0.20)) during the 12th ECT session. The seizure
durations in seconds were: 31.62 (26.25) during the first ECT session (1 = 37), 27.83 (14.43)
during the 5th ECT session (n = 40) and 29.73 (12.71) during the 12th ECT session (1 = 30).
During the first five ECT sessions (1 = 42), the mean (SD) percentage of sessions requiring
restimulation was 20.95 (22.50).

3.3. Relationships between Postictal Suppression during the First ECT Session and
Clinical Response

Patients experiencing postictal suppression during the first ECT session, i.e., the ses-
sion where the seizure threshold was determined by an individual titration method, showed
a higher clinical response (mean (SD) = 74.25% (08.18), n = 6) after 12 ECT sessions than pa-
tients without postictal suppression during the first ECT session (mean (SD) = 55.37% (19.19),
n =22; p=0.02, ) = 0.188). For verification purposes, the clinical response after 12 ECT
sessions was not different between patients who had seizures during the first ECT session
and patients who did not (p = 0.835, (*) = 0.0019). The clinical response after only 5 ECT
sessions was not significantly different between patients experiencing postictal suppression
during the first ECT session (mean (SD) = 33.94% (17.11), n = 10) and those who did not
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(mean (SD) = 31.45 (23.31), n = 29; p = 0.76, (1*) = 0.0024). Patients with and without postictal
suppression during the first ECT session did not significantly differ in their demographic
and clinical characteristics (Table 2).

Table 2. Characteristics of the patients with and without postictal suppression during the first
ECT session.

Patients with Postictal Patients without Postictal Val

Suppression (n = 10) Suppression (n = 30) p vatue
Age (years) 51.90 (17.49) 47.23 (13.16) 0.2461
Female sex 40.0% 66.7% 0.159 2
Graduate studies 70.0% 53.3% 0.4712
Married 60.0% 50.0% 0.7212
Employed 20.0% 46.7% 0.2632
Duration of current episode (months) 34.14 (3441) 2545 (25.15) 0.4321
Duration of mood disorder (years) 18.50 (14.55) 16.87 (11.56) 0.866 1
Bipolar disorder 40.0% 30.0% 0.700 2
Suicide Risk 80.0% 90.0% 0.584 2
Baseline HDRS 26.40 (6.74) 25.73 (4.96) 0.548 1
Total number of ECT sessions during treatment 16.70 (6.21) 17.40 (4.47) 0.678 1

Notes. Frequencies or means (standard deviation) are reported in the table. ! p values are results of Mann-Whitney
tests; 2 p values are results of Fisher’s exact tests. ECT: electroconvulsive therapy.

3.4. Relationships between Postictal Suppression at Each ECT Session and Clinical Response

The mean (SD) postictal suppression frequency during treatment was 49.29% (29.44)
during the first five sessions and 50.86% (21.29) during the 12 sessions. In the linear regres-
sion model, postictal suppression frequency during the first five sessions was not signifi-
cantly associated with the clinical response after 5 ECT sessions (R square = 0.014; B = 0.091;
p = 0.458). Postictal suppression frequency during the 12 sessions was not associated with
the clinical response after 12 sessions ECT either (R square < 0.001; B = 0.003; p = 0.989).

3.5. Postictal Suppression throughout Treatment

The percentage of patients experiencing postictal suppression significantly increased
over the ECT sessions (Q Cochran = 44.66; p < 0.001; df = 11; n = 29). Only 13.8% of the
patients had postictal suppression from the first ECT session, while there were 79.3% in
the 12th session (Figure 1). The analysis remained significant if the first session, which
involved dosage titration, was excluded (Q Cochran = 18.86; p = 0.042).

100
80 -
60 —
40

20

Percentage of patients
with postictal suppression

0

T T 1 1 1 111717711
01 2 3 45 6 7 8 9 10 11 12

ECT sessions
Figure 1. Evolution of the percentage of patients experiencing postictal suppression throughout ECT

sessions. Note: the percentages were calculated at each session in the sample of 29 patients treated
for at least 12 ECT sessions.
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3.6. Relationships between Postictal Suppression and Cognitive Side Effects

The postictal suppression frequency during the first five sessions was not correlated
with the evolution of scores of any cognitive tests assessing attention, memory and vi-
suospatial abilities between baseline and after 5 ECT sessions (Table 3). The postictal
suppression frequency during the first five sessions was correlated with neither the SSMQ
score (r = 0.118; p = 0.464; n = 41), nor the CFQ score (r = —0.081; p = 0.613; n = 41).

Table 3. Correlation between cognitive performance evolution (after 5 ECT sessions minus baseline
scores) and the postictal suppression frequency during the 5 ECT sessions.

Baseline After 5 ECT Sessions r P

MMSE (n = 41) 26.45 (3.04) 26.63 (2.73) —0.186 0.245
Doors test (n = 38)

part A, scaled score 6.51 (3.84) 6.95 (3.97) —0.322 0.049#

part B, scaled score 6.90 (3.29) 6.90 (4.16) —0.286 0.082
D2 test of attention (n = 38)

TN: Total number of characters processed 84.80 (8.56) 88.34 (9.65) 0.054 0.749

CP: Concentration performance 91.54 (6.34) 95.74 (6.67) 0.094 0.586
Rey figure (Z score) (n = 37) —1.32(1.98) —0.97 (2.02) —0.128 0.451
RL/RI—16 test (1 = 38)

Free Recall 1 (z score) —0.79 (0.98) —0.95 (0.98) 0.083 0.620

Free Recall 2 (z score) —0.79 (0.90) —1.19 (1.08) 0.150 0.369

Free Recall 3 (z score) —0.88 (1.05) —1.27 (1.28) 0.135 0.420

Delayed Free Recall (z score) —0.90 (1.05) —1.98 (1.27) 0.011 0.946

Notes: Means (standard deviations) are reported. The number of subjects included in the analysis is re-
ported for each cognitive variable. # The result was no longer significant after Bonferroni correction for mul-
tiple comparisons. MMSE: Mini-Mental State Examination; Rey figure: Rey—Osterrieth complex figure; ECT:
electroconvulsive therapy.

4. Discussion

According to our retrospective study, experiencing postictal suppression from the
first ECT session might predict a better long-term clinical response (after 12 ECT sessions).
This outcome is consistent with previous studies, which showed that postictal suppression
from the first ECT sessions (the first or second ECT session, according to the studies) was
associated with a better clinical response at the end of treatment [7,9]. It is, therefore,
possible that postictal suppression, rather, predicts the long-term response. However,
Gangadhar et al. (1999) highlighted that postictal suppression during the first ECT session
could predict remission after only 6 ECT sessions [12].

Regarding postictal suppression frequency (the number of sessions where the patient
had postictal suppression/total number of sessions administered to the patient), the absence
of a correlation between this index and cognition, especially cognitive impairment, confirms
the study of Perera et al. (2004), which found no significant association between peri-ictal
EEG features and the acute or short-term cognitive effects of ECT [14]. In addition, the
postictal suppression frequency was neither associated with the short- nor the long-term
clinical response.

In view of our results, postictal suppression may be considered an indicator of good
clinical response, if it appears immediately during the first ECT sessions. However, as the
proportion of patients experiencing postictal suppression increased over the course of the
sessions, reaching 79.3% of the patients at the 12th ECT session, postictal suppression no
longer makes it possible to discriminate between the good (or bad) responders during the
following sessions. Postictal suppression accumulation does not seem to be associated with
clinical response. As suggested by Perera et al. (2004), the presence of postictal suppression
in the first ECT sessions may reflect individual differences in the strength of inhibitory
processes that terminate the seizure [14]. Patients with more intense inhibitory processes
after a seizure may have greater potential of benefiting from ECT. This higher therapeutic
efficacy may be related to genetic differences in the GABA response [28]. As a consequence
of the release of GABA, dysfunctional circuits underlying major depression would be reset



J. Clin. Med. 2022, 11, 1440

7 of 9

by an anticonvulsant mechanism [28,29]. Then, the increase in the number of patients
experiencing postictal suppression over the course of treatment might indicate an adaptive
brain mechanism. This effect might be mediated by GABA release allowing the seizure
to terminate. Accumulating sessions might promote GABA release, even in patients with
a weak initial response to GABA. Brain levels of GABA might be raised after each ECT
session, resulting in increased background inhibitory neurotransmission, thus facilitating
the occurrence of postictal suppression in the following sessions. It might induce a reset
of dysfunctional circuits, stimulating neuroplasticity and neurogenesis [28]. However, the
mechanisms of action of ECT are probably more complex, involving the glutamatergic
system and/or other neurotransmitters. This study has some noteworthy limitations. First,
this study is retrospective and based on clinical files. It would be interesting to explore this
question in a prospective study. The second limitation is that only bitemporal electrode
placement was tested. Given the cognitive advantage in a right unilateral ECT placement,
this placement should be also investigated [30]. Thirdly, the interpretation of the EEG was
made by clinicians, and was not automated, which does not allow us to rule out errors in
scoring. Fourth, the cognitive assessment occurred only after 5 ECT sessions, which did
not allow evaluation of whether the postictal suppression was associated with long term
cognitive side effects. In addition, retrograde amnesia for autobiographical information,
which is one of the most critical side effects of ECT, was not assessed in the study. Finally,
the group receiving 12 ECT sessions was a subgroup of the whole sample and included
only 29 patients due to missing data in the files. In addition, only six patients experiencing
postictal suppression during the first ECT session showed a higher clinical response after
12 ECT sessions. We cannot rule out the possibility of a false positive result favored by the
small sample size, which relativizes the relevance of these results.

In summary, this retrospective study showed that postictal suppression from the first
ECT session might predict a better long-term clinical response (after 12 ECT sessions), but
that postictal suppression frequency was neither associated with the short- or long-term
clinical response. In addition, postictal suppression and short-term cognitive performance
were not associated. This indicator is clinically useful if it appears in the first ECT sessions,
but is no longer relevant in the following sessions. However, we currently do not know
how to favor the presence of postictal suppression during the first sessions. One possibility
would be to administer another neuromodulation technique before ECT sessions, for
example, r'TMS or transcranial direct current stimulation (tDCS), which might strengthen
the GABA system, possibly facilitating the presence of postictal suppression, thus increasing
the clinical response. This hypothesis should be investigated in a future study.
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