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ABSTRACT

Objective: It is aimed to highlight the concept of electrical stimulus [electroconvulsive therapy (ECT)
dose], an aspect that has not received sufficient attention in previous research on ECT.

Methods: This study is a retrospective investigation aiming to examine the medical records of patients
who received ECT. Patients were assigned to 2 groups. The first group received a dose of 1mg/kg propofol
for ECT anesthesia (n=25), while the second group receives a combination of 0.5 mg/kg propofol and
0.5 mg/kg ketamine (n=36).The electrical charge required to induce an effective seizure and the param-
eters determining the electrical charge, such as pulse width, frequency, stimulus duration, and current,
were recorded at each session and compared.

Results: In propofol group the initial value of frequency was 29.03 + 7.35 Hz and the last value (frequence
at eighth session) was 83.06 + 24.45 Hz. The difference in frequency was found to be significantly increased
in propofol group (F=151.95; np*=0.83; P < .0001). In propofol + ketamine group the initial value of fre-
quency was 24.09 + 7.42 Hz and the last value (frequence at eighth session) was 91.74 + 22.39 Hz. The
difference in frequency was found to be significantly increased in propofol group (F =237.05; np?=0.95; P
<.0001). The duration of session was significantly decreased in propofol group (F=10.29; np?=0.28; P <
.0001). The duration of the seizure in first session was 57.17 + 19.09 seconds and the duration of seizure in
eighth session was 50.78 + 14.21 seconds in propofol + ketamine group. The duration of the session was
significantly decreased in propofol + ketamine group.

Conclusion: It was observed that the ECT dose remained similar between the 2 groups. Further research is
warranted to delve into the cognitive effects of the propofol + ketamine combination in ECT procedures.
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Moreover, it finds utility in addressing conditions like catatonia,
Parkinson’s disease, neuroleptic malignant syndrome, and treatment-
resistant epilepsy. In general, ECT is recognized as a highly effective
and safe therapeutic approach; nevertheless, one of the most fre-
quently observed side effects of ECT is cognitive impairment.?

Electroconvulsive therapy procedures are performed using anesthe-
sia and muscle relaxation. The anesthetic agents used during ECT
anesthesia should have a short duration of action, not affect sei-
zure activity or duration, facilitate rapid recovery, and have minimal
impact on hemodynamics. Anesthetics such as thiopental (2-3 mg/
kg), methohexital (0.5-1.0 mg/kg), ketamine (0.5-1 mg/kg), etomi-
date (0.15-0.3 mg/kg), and propofol (0.75-1.5 mg/kg) can be used to
provide anesthesia.® Propofol, owing to its anticonvulsant proper-
ties, raises the seizure threshold, requiring a higher electrical charge
to induce a successful seizure. This elevation in electrical charge has
been linked to the most frequently encountered side effect of ECT,
which is cognitive impairments.* Ketamine exhibits a lower anti-
convulsant effect when compared to other anesthetics. Moreover,
research has been conducted on the antidepressant qualities of ket-
amine, and it has been noted that there is an improvement in depres-
sive symptoms within 24 hours following the intravenous infusion of
subanesthetic doses of ketamine (0.5 mg/kg) in depressed patients.
The psychomimetic and cardiotoxic effects associated with ketamine
have prompted the exploration of its use in subanesthetic doses,
often in combination with propofol.* The combination of ketamine
and propofol in ECT anesthesia is a more common practice. In the
literature, some studies using propofol + ketamine in ECT anesthe-
sia have shown an earlier onset of antidepressant effect and better
cognitive performance.*® However, these studies did not take into
account the electrical charge administered during ECT.

The aim of this study is to compare the antidepressant effect and
the total electrical stimulus (ECT) required for achieving effective
seizures between propofol and ketamine-propofol combination in
anesthesia for ECT. Additionally, we aim to emphasize the concept
of ECT dose, which has not been adequately addressed in previous
studies on ECT.

MATERIAL AND METHODS

This study is a retrospective analysis conducted to review the medi-
cal records of patients who underwent ECT and were diagnosed
with major depressive disorder as per the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition.° The study period covered
patients treated between January, 2019, and January, 2020, at our
clinic. Upon admission to the psychiatric ward, individuals sched-
uled for ECT received both verbal and written information sessions
explaining the procedure, and their informed consent was obtained
through a consent form specifically designed for ECT. Patients diag-
nosed with “major depressive disorder” and selected for ECT at our
clinic were categorized into 2 groups. The first group received a dose
of Tmg/kg propofol for ECT anesthesia (n=25), while the second
group receives a combination of 0.5 mg/kg propofol and 0.5 mg/kg
ketamine (n=36). In both groups, a muscle relaxant, rocuronium at a
dose of 0.3 mg/kg, was administered. The assessment of antidepres-
sant response was carried out using the Hamilton Depression Scale,
which was administered before the commencement of treatment
and subsequently at the second, fourth, sixth, and eighth sessions.
Additionally, the electrical charge necessary to induce an effective
seizure and the parameters influencing the electrical charge, includ-
ing pulse width, frequency, stimulus duration, and current, were

documented during each session. The study conducted at Tekirdag
Namik Kemal University, Faculty of Medicine obtained approval from
the Medical Ethics Committee for Non-Interventional Studies. The
ethics approval number assigned to the study was 46048792-050.01
.04-E-11411, and the approval was issued on February 2, 2020.

Electroconvulsive Therapy Procedure

The ECT sessions took place twice a week and employed bitemporal
electrode placement. The SpECTrum 5000Q device manufactured
by Mecta (Tualatin, Ore, USA), was used, with brief pulse settings,
which was described in previous studies.'® All ECT procedures were
performed by a highly trained team consisting of psychiatrists and
anesthesiologists.

Anesthesia Application

The anesthesia team in charge of each session made decisions
regarding the specific types and quantities of anesthetic drugs and
muscle relaxants to be used, primarily considering factors such as
drug availability and the team'’s own preferences.

Measurement Tools

Electroconvulsive Therapy Consent Form: A form prepared by the
Department of Psychiatry at Tekirdag Namik Kemal University,
Faculty of Medicine, providing general information about ECT, risks,
side effects, and precautions to be taken, is used to inform the
patient or legal representative about ECT and obtain their consent.

Hamilton Depression Scale: This scale measures the level and
severity of depression in patients. Itis administered by an interviewer
and was developed by Hamilton in 1960. The Turkish validity and
reliability study was conducted by Akdemir et al'' in 1996. The scale
consists of 17 items, with a maximum score of 53. Scores between 0
and 7 indicate “no depression,” between 8 and 15 indicate “mild
depression,” between 16 and 28 indicate “moderate depression,”
and scores above 29 indicate “severe depression.”

Statistical Methods

The obtained data will be analyzed using the Statistical Package for
the Social Sciences Statistics software program for Windows 17 (SPSS
Inc.; Chicago, IL, USA). The normality of the data obtained through
counts will be determined using the Shapiro-Wilk normality test
to assess whether they are parametric or not. The differences in
numerical parametric values between 2 groups will be determined
using the Student'’s t-test. Nonparametric numerical variables will be
analyzed using the Mann-Whitney U-test for binary groups. The chi-
square test will be applied for categorical variables, and if necessary,
the Fisher exact test will be used. A repeated measures analysis of
variance is used to determine whether or not there is a statistically
significant difference between the means of the variables of ECT and
the scores of HDRS (Hamilton Depression Rating Scale) during the
eighth session. The significance level for all variables will be set at
P < .05. Count data will be presented as mean =+ standard deviation,
while categorical variables will be presented as percentages.

RESULTS

The mean age of the propofol group was 41.36 + 10.62 years, and
it was 45.60 + 12.30 years in the propofol + ketamine group. There
were 6 males (24%) and 19 females (76%) in propofol + ketamine
group, whereas there were 20 males (55.6%) and 16 females (54.4%)
inpropofol group. The male ratio was found to be significantly higher
in propofol group (P=.016). The 10 participants were single (27.8%),
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and 26 participants were married (72.2%) in propofol group. In pro-
pofol + ketamine group, 2 participants were single (8%) and 23 par-
ticipants (92%) were married. The groups were found to be similar
in terms of marriage status (P=.60). The 22 of patients (61.1%) in
were smokers and 14 of them (39.9%) were nonsmokers in propofol
group, whereas 17 of patients (68%) in were smokers and 8 of them
(32%) were nonsmokers in propofol + ketamine group (P=.78). The
family history of a psychiatric disorder existed in 12 patients (33.3%)
in propofol group and in 10 patients (40%) in propofol + ketamine
group (P=.61). Thirty-two patients have been receiving antidepres-
sant treatment (88.9%) in propofol group, and 19 patients have been
receiving antidepressant treatment (76%) in propofol +ketamine
group during admission (P=.29).

In propofol group, the initial value of frequency was 29.03 + 7.35
Hz, and the last value was (frequence at eighth session) 83.06 +
24.45 Hz. The difference in frequency was found to be significantly
increased in propofol group (F=151.95; np*=0.83; P < .0001)
(Figure 1). In propofol+ketamine group the initial value of fre-
quency was 24.09 + 7.42 Hz, and the last value was (frequence at
eighth session) 91.74 + 22.39 Hz. The difference in frequency was
found to be significantly increased in propofol group (F=237.05;
np?=0.95; P < 0.0001) (Figure 2). The duration of the seizure in
first session was 54.19 + 9.36 seconds, and the duration of seizure
in eighth session was 44.85 + 14.61 seconds in propofol group.
The duration of session was significantly decreased in propofol
group (F=10.29; np*=0.28; P < .0001) (Figure 3). The duration
of the seizure in first session was 57.17 + 19.09 seconds, and the
duration of seizure in eighthsession was 50.78 + 14.21 seconds
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Figure 1. The change in frequency in propofol group between
first and eighth sessions of electroconvulsive therapy.
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Figure 2. The change in frequency in propofol and ketamine

group between first and eighth sessions of electroconvulsive
therapy.
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Figure 3. The change in duration of seizure in propofol group
between first and eighth sessions of electroconvulsive therapy.

in propofol + ketamine group. The duration of session was signifi-
cantly decreased in propofol + ketamine group (F=3.17; np*=0.12;
P=.004) (Figure 4). The initial ECT dose was 107.93 + 30.07 mC at
first session, and it was 355.70 + 161.09 mC at eighth session in pro-
pofol group. The ECT dose significantly increased in propofol group
(F=90.74; np>=0.75; P < .0001) (Figure 5). The initial ECT dose was
86.36 + 35.12 mC at first session, and it was 363.19 + 139 mC at
eighth session in propofol + ketamine group. The ECT dose signifi-
cantly increased in propofol group (F =269.27; np?=0.92; P < .0001)
(Figure 6) (Table 1).

The scores of HDRS were significantly decreased in both groups
(F=18.99; np?=0.52; P < .0001 and F=17.97; np?=0.53; P < .0001
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Figure 4. The change in duration of seizure in propofol and
ketamine group between first and eighth sessions of
electroconvulsive therapy.
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Figure 5. The change in electroconvulsive therapy (ECT) dose in
propofol group between first and eighth sessions of ECT.
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Figure 6. The change in electroconvulsive therapy (ECT) dose in
propofol and ketamine group between first and eighth sessions

of ECT.
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Table 1. The Electroconvulsive Therapy Parameters in Each Session

Approach Frequency Duration Load (mC)
Session (H2) (Seconds)
Propofol First 29.03+7.35 5414 +9.36  107.93 +30.27
(n=25)
Second 4032+ 17.22 4828 +10.55 142.17 +45.64
Third 4693 +6.76 56.25+14.12 189.70 +72.78
Fourth 5532+8.30 48.75+13.87 196.25 + 83.66
Fifth 64.19 +21.72 4535 +4.31 246.14 + 83.31
Sixth 72.09+21.82 4996+ 1242 285.05+101.68
Seventh 79.19+24.49 4139+11.26 31848+ 125.71
Eighth  83.06 +24.44 44.85+14.61 35570+161.25
Propofol + First 2478 +745 4139+11.26  86.36 + 35.99
ketamine
(n=36)
Second 31.30+9.79 44385+ 1461 119.47 +47.20
Third 4130+12.26 57.17+£19.09 152.73 +£56.70
Fourth 5043 +£14.05 58.13+26.05 190.71 +57.90
Fifth 60.00+15.66 5226+ 13.18 228.90 +60.20
Sixth 70.00+17.96 51.95+8.41 266.95 + 69.04
Seventh 8434 +22.62 5247+ 1511 321.95+87.23
Eighth 9173 £22.39 4634+ 15.79 363.39 + 106.78

mC: millicoulomb

in propofol and propofol +ketamine groups respectively). The
decrease of HDRS scores was considered to be similar between the

groups.

The eighth session values of frequency and duration of seizure were
found to be significantly higher in propofol + ketamine group com-
pared with propofol group (P < .05). The eighth session values of ECT
dose and HDRS scores were similar between the groups (P=.07).

DISCUSSION

In the current study, we conducted a comparison between the fre-
quencies, seizure durations, ECT doses, and HDRS scores from the
initial session to the eighth session in both the propofol and pro-
pofol + ketamine groups. Significant alterations in these ECT param-
eters were observed in both groups.

To ensure the effectiveness and safety of ECT, it is essential to employ
an ideal anesthetic induction agent with specific characteristics.
Ideally, this agent should have minimal anticonvulsant properties

and should not induce any hemodynamic effects. These criteria are
of paramount importance in enhancing the overall outcome of ECT
procedures.'? However, it is important to note that a perfect drug
meeting these exact specifications has not yet been established.
Nonetheless, there are variations among the available induction
agents in terms of their specific effects, providing some options for
clinicians to consider when selecting the most appropriate agent for
anesthetic induction during ECT."® One strategy for optimizing the
induction anesthesia in ECT involves the synergistic combination of
2 agents with complementary properties. The objective is to develop
a balanced approach that maximizes the desired effects while mini-
mizing the adverse ones. Through the deliberate selection of agents
with nonadditive anticonvulsive and hemodynamic effects, the
overall anesthesia can be customized to enhance the therapeutic
advantages of ECT while mitigating potential risks.”

In the context of ECT, propofol stands out as a promising candidate
due to its remarkable anticonvulsant properties. However, it falls
short in terms of its hemodynamic effects, which are generally hypo-
dynamic in nature. Nonetheless, propofol offers an advantage of a
low to negligible incidence of bronchoconstriction, making it a valu-
able choice for patients undergoing ECT.™ By strategically combin-
ing agents with synergistic anesthetic properties, such as propofol
with another suitable agent, it is possible to fine-tune the anesthesia
induction process for ECT."®

Ketamine is known for its rapid and robust antidepressant effects,
particularly in individuals with treatment-resistant depression. The
mechanism of ketamine’s antidepressant action is complex and
not fully understood, but it is believed to involve several factors
including N-methyl-p-aspartic acid receptor antagonism, synaptic
plasticity, anti-inflammatory effects, and glutamate-y-aminobut
yric acid balance.”'” The combination of ketamine and propofol in
ECT anesthesia is a more common practice. In the literature, some
studies using propofol + ketamine in ECT anesthesia have shown an
earlier onset of the antidepressant effect and better cognitive per-
formance.”” However, these studies did not take into account the
electrical charge administered during ECT.

In recent years, there has been substantial interest in the role of
ketamine as an anesthetic agent in ECT for the treatment of major
depressive disorder (MDD)."® The use of a combination of ketamine
and propofol, commonly referred to as “ketofol” anesthesia, has
emerged as a subject of significant interest in the context of ECT for
the treatment of MDD. Studies have explored the effects of keto-
fol anesthesia on hemodynamic stability, particularly in critically ill
patients. The results suggest that this combined anesthesia approach
can enhance hemodynamic stability, leading to a more favorable
cardiovascular profile when compared to other anesthetic agents.
This is especially significant in the context of ECT, as maintaining sta-
ble hemodynamics is vital for ensuring patient safety and reducing
potential complications during the procedure. Alongside its posi-
tive influence on hemodynamic stability, ketofol anesthesia has also
shown benefits in terms of the quality of seizures.’® Notably, despite
the enhanced seizure quality achieved with ketofol, the duration of
the seizures was similar to that observed with propofol alone. These
findings suggest that the combination of ketamine and propofol, as
ketofol anesthesia, offers potential benefits for patients undergo-
ing ECT.?® In present research, we have investigated the parameters
of ECT including the frequencies, the duration of seizures, and ECT
dose. In both groups, there were significant changes in all param-
eters. Additionally, the value of frequency was considered to have
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changed much more in the propofol + ketamine group compared
to the propofol group, and the eighth session value was found to
be significantly higher in the propofol + ketamine group. Regarding
the duration of seizure, we found that duration of seizure decreased
significantly in both groups; however the decrease in propofol group
was considered as higher compared with propofol + ketamine group,
and the duration of seizure was significantly higher in propofol + ket-
amine group. The ECT dose, which was assumed to be related to cog-
nitive side effects, was found to be similar between the groups. The
decrease in HDRS in both the groups were similar with each other.

The present study has several limitations. First, the retrospective
design can be considered as a limitation. Second, we could not use
cognitive parameters with objective scales, and we solely investi-
gated the ECT parameters and HDRS; this issue is considered to be
another limitation.

CONCLUSIONS

Present study shows the favorable outcomes of propofol + ketamine
combination compared with propofol use during ECT procedure.
The ECT dose, which should be considered as an indicator for cogni-
tive side effects, was found to be similar between the groups. Further
studies are needed to investigate the cognitive effects of propo-
fol + ketamine combination in ECT procedure.
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