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* Although electroconvulsive therapy has remained the unique therapeutic option in certain conditions, its anesthesia

management can be challenging.

* Succinylcholine is the muscle relaxant of choice in electroconvulsive therapy (ECT); however, special conditions

and contraindications should be considered.

* Cisatracurium, with a stable hemodynamic status and no adverse effect on seizure duration, is a safe alternative to

succinylcholine when its use is contraindicated.

Introduction

espite the significant progress that has

occurred in pharmacological and non-

pharmacological treatment options in psy-

chiatry, electroconvulsive therapy (ECT)

has remained a lifesaving treatment for
refractory or the need for an immediate response in psy-
chiatric patients. ECT is performed safely in children,
older people, and pregnant women [1, 2]. However, so-
cial disparities and stigma still hinder the widespread use
of ECT [3]. For 30 years, ECT was performed without
anesthesia. Since then, this treatment method has been
performed under general anesthesia and receiving mus-
cle relaxants [4]. The side effects of ECT without using
muscle relaxants include neuromuscular damage, tooth
fracture, tongue damage, joint dislocation, and severe
muscle contractions or bone fractures, which become
more problematic in some conditions, such as osteopo-
rosis [5]. ECT under anesthesia is associated with fewer
physical and psychological complications and is well
accepted today [6]. In general anesthesia for ECT is pre-
scribed to act as a hypnotic agent and a muscle relaxant.
According to studies, the duration of seizures is impor-
tant in its effectiveness and is affected by anesthetics and
muscle relaxants. For example, when a longer seizure
is needed, etomidate, methohexital, or the combination
of low doses of short-acting narcotics with propofol
are used [7]. The characteristics of a suitable anesthetic
agent in ECT are that it effectively reduces hyperdy-
namic responses to shock, prevents severe movements,
has the least interference with convulsive movements,
and is associated with rapid recovery. Since anesthetic
drugs have a dose-dependent effect on the anticonvul-
sant properties, the minimum effective dose should be
considered in these patients [7]. Although succinylcho-
line is commonly used in ECT, managing patients when
it is contraindicated has always been challenging [8, 9].
The anesthesiologist may accept the risk of side effects

of succinylcholine or prescribe non-depolarizing muscle
relaxants (NDMRs) without accurate dosing, which may
result in prolonged apnea or inadequate relaxation, or the
procedure is performed without muscle relaxants, which
can result in unbearable muscle pain, joint dislocation,
and tooth fracture. On the other hand, succinylcholine
may not be available in Iran for long periods due to sanc-
tions. Cisatracurium is an isomer of atracurium. This
drug has largely replaced it in the clinic with minimal
release of histamine [10]. Therefore, considering the im-
portance of maintaining the continuity of the treatment
process of ECT patients, cisatracurium was selected as
an alternative to succinylcholine in the present study.

Materials and Methods

After the approval of the study protocol by the Re-
search Ethics Committee of Guilan University of Medi-
cal Sciences (GUMY)), this single-blind clinical trial was
performed at Shafa Hospital, Northern Iran, from July
2023 to March 2024. This academic hospital is a referral
center for all types of psychiatric diseases.

The inclusion criteria were psychiatric patient candi-
dates for ECT, aged 18-70 years, and class I & II based
on the American Society of Anesthesiologists.

The exclusion criteria were patients with difficult mask
ventilation criteria, Mallampati classification III or IV,
body mass index (BMI) >30 kg/m?, severely limited man-
dibular protrusion, a history of snoring, any contraindica-
tion for cisatracurium or succinylcholine and the need for
any urgent intervention such as tracheal intubation.

Randomization and blinding

A nurse who was not engaged in the study process al-
located the patients into groups of succinylcholine and
cisatracurium. It was a single-blind study due to obvious
differences in the characteristics of two muscle relaxants.
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Anesthesia management and the procedure

The patients underwent a standard preoperative visit,
and all the considerations of general anesthesia were
followed. The patients received atropine sulfate (0.01
mg/kg IM) 30 minutes before ECT. After admission,
standard monitoring was performed, and an intrave-
nous assessment was secured. Anesthesia was induced
by propofol (1 mg/kg IV) followed by 0.1 mg/kg cisa-
tracurium (50 mg/mL, Caspian Tamin Co, Iran) for the
cisatracurium group and 0.5 mg/kg succinylcholine
(500 mg/10 mL, Caspian Tamin Co, Iran) for the suc-
cinylcholine group. Before anesthesia induction, the
patient was pre-oxygenated via a facial mask, and after
complete unconsciousness, active hyperventilation at a
rate of 40-50 breaths per minute was performed, and a
mouth guard and bi-temporal electrodes were placed.
Then, a grand-mal seizure was induced with the follow-
ing characteristics (70-120 V, 800 mA of direct current,
and a duration of 100 ms to 6 s). With the end of the
seizure movements, active ventilation was started until
the patient’s effective breathing returned. In group cisa-
tracurium, the patient was ventilated 4 minutes before
stimulation and 30 seconds before seizure induction; a
bolus dose of propofol (0.2 mg/kg) was administrated.
At the end of the procedure, intravenous atropine 0.02
mg/kg and neostigmine 0.04 mg/kg were administrated
to reverse the effects of muscle relaxant.

Measurement point times and outcomes

Heart rate (HR) and mean arterial pressure (MAP) were
recorded at four measurement point times: Before induc-
tion of anesthesia (T0), one minute after the seizure (T1),
15 minutes after induction of anesthesia (T2), and in the
recovery ward (T3). The seizure duration was recorded
according to clinical observation of colonic movements
by a stopwatch. The patients were transferred to the re-
covery ward after regaining full consciousness and in
stable hemodynamic status. They were discharged ac-
cording to the Aldrete scoring criteria, a reliable scoring
system determining when the patient can safely be dis-
charged from the recovery unit. The duration of seizure,
the time to return spontaneous breathing, and the time
of discharge (recovery) were compared between the two
groups. The anesthesiologist was prepared to manage
any unexpected event from the patient’s admission until
discharge from the recovery ward.

Statistical analysis

SPSS software, version 21, was used to analyze the
gathered data, and the chi-square test, Fisher exact test,
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t-test, and repeated measurement analysis of variance
test were applied. The parametric data were presented as
Mean+SD, and nonparametric data as median (range).
P<0.05 was considered significant.

Results

The data of 62 ECT patients were analyzed. The
mean age of patients in the succinylcholine group
was 43.41+11.26, and in the cisatracurium group was
44.29+12.54 years. As shown in Table 1, in terms of de-
mographic data, no significant difference was observed
between the two groups (P>0.05).

Seizure duration was longer in the succinylcholine
group compared to the cisatracurium group (19.41+2.21
vs 18.9+2.15 s), but the difference was not significant
(P=0.356). The time to return to spontaneous breath-
ing was significantly longer in the cisatracurium group
compared to the succinylcholine group (19.06+4.95 vs
11.7442.63 s; P=0.0001). Furthermore, the recovery
time was significantly longer in the cisatracurium group
compared to the succinylcholine group (29.25+5.4 vs
20.32+2.94 min; P=0.0001) (Table 2). Hemodynamic
parameters, including HR and MAP, were also com-
pared between the two groups. In each group, the trend
of changes was significant from TO (before induction of
anesthesia) to T3 (recovery ward) (P=0.0001). However,
when comparing the two groups, the difference was not
significant (P>0.05) (Table 3). All patients passed the
ECT process safely without any serious complications,
and Table 4 shows no significant difference between the
two groups regarding the side effects (P>0.05).

Discussion

Following the promising results obtained from the
study to investigate the safety and efficacy of NDMRs
as a substitute alternative for succinylcholine in ECT
patients, the present study was planned [11]. In addi-
tion, recent studies recommended replacing atracurium
with cisatracurium due to the marked advantages [12].
In the present study, cisatracurium was compared with
succinylcholine in terms of efficacy, safety, and clini-
cal outcomes. The results of this study demonstrated no
significant difference in the duration of seizures in the
two groups. Considering that one of the consequences
of effective treatment responses is the duration of sei-
zures, this result is practical and valuable. Also, no
significant difference was observed in the incidence of
complications between the two groups. In this research,
the hemodynamic parameters were compared between
the two groups at different time points, showing the ad-
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Table 1. Demographic characteristics of the participants
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No. (%)
Variables Status P
Succinylcholine Cisatracurium
Male 15(48.4) 16(51.6)
Gender 0.799
Female 16(51.6) 15(48.4)
<60 25(80.6) 27(87.1)
0.49
Age (y) >60 6(19.4) 4(12.9)
Mean1SD 43.41+11.26 44.29+12.54 0.775
I 22(71) 23(74.2)
ASA class 0.776
I 9(29) 8(25.8)
<25 15(48.4) 20(64.58)
25-30 15(48.4) 9(29) 0.28
BMI (kg/m?)
>30 1(3.2) 2(6.5)
Mean1SD 24.72+3.19 24.61+3.52 0.89

ASA Class: The American Society of Anesthesiologists (ASA) physical status classification system; BMI: Body mass index.

vantage of cisatracurium in hemodynamic stability com-
pared to atracurium. This finding is justified according
to the pharmacokinetics and pharmacodynamics of the
cisatracurium. The time of return to effective breathing
and patients’ consciousness and recovery times were sig-
nificantly longer in the cisatracurium group, which was
expected. Because succinylcholine is a short-acting re-
laxant, while cisatracurium is a medium-acting relaxant.
This result is consistent with the results of the atracurium

study [11]. The results obtained in the comparative stud-
ies between succinylcholine and NDMRs are the inter-
pretation of why succinylcholine is the relaxant of choice
in ECT because it is proportional to the duration of the
procedure. In addition, considering the high number and
special conditions of psychiatric patients, it is necessary
to have a proper turnover because long fasting and long
waiting times are not tolerable for them. In the follow-
ing, limited literature on the use of NDMRs instead of

Table 2. Comparing seizure duration, time to return to spontaneous breathing, and patients’ recovery status between the two

groups
Variables Groups No. MeanSD P
. . Cisatracurium 31 18.9+2.15
Motor seizure duration 0356
(s) 3
Succinylcholine 31 19.41+2.21
Time to return to Cisatracurium 31 19.06+4.95
spontaneous breathing 0.0001
(min) Succinylcholine 31 11.74+2.63
Cisatracurium 31 29.25+5.4
Recovery time (min) 0.0001
Succinylcholine 31 20.324+2.94
. Cisatracurium 31 40.03+5.2
Discharge from recovery 0.0001
(min) :
Succinylcholine 31 29.6443.69
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Table 3. Comparing HR and MAP between the two groups of cisatracurium and succinylcholine

Lol One Minute
Variables Groups Induction of . 15% Minute Enter Recovery P P
. After Seizure
Anesthesia
Cisatracurium 76.83+6.08 91.3845.37 84.96+6.55 76.35+6.12 0.0001
HR (bpm)  Succinylcholine 78.12+6.18 93.87+5.18 87.41+5.44 78.64+5.86 0.0001 0.594
P 0.411 0.069 0.114 0.138
Cisatracurium 85.38+10.89 100.32+8.44 96.77+6.75 85.96+8.24 0.0001
(mMmAl-Fi)g) Succinylcholine 87.03+11.61 102.9346.35 98.77+4.37 88.8+7.5 0.0001 0.801
P 0.567 0.174 0.172 0.162

MAP: Mean arterial pressure; HR: Heart rate.

succinylcholine for ECT are mentioned. Kaur et al. de-
scribed a case of catatonia scheduled for ECT. The risk
of life-threatening hyperkalemia as a result of long-term
immobilization led them to avoide succinylcholine. They
used I-gel and choose atracurium (15 mg) as muscle re-
laxant [13]. Nazemoraaya et al. performed two clinical
trials on ECT patients, comparing succinylcholine with
cisatracurium. They reported that cisatracurium could
be a safe alternative to succinylcholine during ECT. It
caused less elevation in serum potassium, much fewer
complications, and a more stable hemodynamic status
[14, 15]. Hoshi et al. compared rocuronium combined
with sugammadex with succinylcholine during ECT.
They concluded that rocuronium-sugammadex could be
accepted as an alternative to succinylcholine for muscle
relaxation in ECT patients [16]. Although this combina-
tion is used successfully, the high price should be noted
[9]. It is much more important in low-income countries.
Rocuronium and sugammadex are not widely available
in Iran. Mivacurium is also suggested in ECT patients
[17]; however, histamine release is one of its side effects,

and also, like succinylcholine, mivacurium is contrain-
dicated in pseudo cholinesterase deficiency [18]. Liu et
al. described a general anesthetic method for ECT pa-
tients by using bispectral index, supraglottic devices,
and replacing succinylcholine with cisatracurium, and
they found promising results [19]. Takazawa et al. dem-
onstrated that rocuronium and sugammadex were better
options than succinylcholine for ECT, which had fewer
side effects. They emphasized the conditions when suc-
cinylcholine is contraindicated [20]. In this study, venti-
lation was performed only with a facial mask, and other
methods, such as a laryngeal mask or tracheal tube, were
not used to secure the airway, which is the difference and
strength of this research. The patients were managed in
a simple manner, leading to a higher turnover, while ef-
fective ventilation was maintained throughout the pro-
cedure. The studies that, for the 1% time, discussed the
issue of replacement of succinylcholine with NDMRs
with intermediate duration of action, had concerns re-
garding airway safety. In general, taking into account the
NDMRs that have been introduced as safe alternatives

Table 4. Comparing the frequency of adverse events between the two groups of cisatracurium and succinylcholine

No. (%)
Complications S'(t; ro:p P
ftuation Succinylcholine Cisatracurium
Yes 2(6.5) 0(0)
Bradycardia 0.492
No 29(93.5) 31(100)
Yes 4(12.9) 3(9.7)
Myalgia 0.688
No 27(87.1) 28(90.3)
Yes 5(16.1) 4(12.9)
Headache 0.718
No 26(83.9) 27(87.1)

JNS
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for succinylcholine and considering their advantages and
disadvantages and of course the pharmaceutical facilities
in the country, it seems that the two NDMRs, atracurium
and cisatracurium are suitable choices. Although the
main goal of this study was to find a suitable alternative
to succinylcholine in case of drug contraindication, this
goal was also extended to the specific conditions of our
country. In fact, when we face to the shortage of suc-
cinylcholine due to drug sanctions, the treating process
will not be disturbed. Overall, consistent with previous
studies, we also found that cisatracurium can be used
safely in ECT patients. However, this drug cannot be
a substitute for succinylcholine because if the drug is
widely used, the turnover of the ECT department will be
very low due to the longer time spend for each patient
and the need for the reverse of the effect of NDMRs at
the end of the procedure.

We hope that the promising results of this study can
contribute to the safe management of ECT patients with-
out interrupting the treatment process. Even though the
safety of succinylcholine alternatives in ECT has been
demonstrated, many questions and uncertainties have
remained unanswered. The optimal dosage of NDMRs,
which provides appropriate depth of anesthesia and re-
laxation with minimal impact on seizure duration, is
unclear. Also, patients with compromised airways or dif-
ficult mask ventilation criteria have not been assessed.
Maybe this patient with this manifestation is one of the
contraindications for succinylcholine.

Conclusion

This study revealed that cisatracurium can be used as an
effective and safe alternative when succinylcholine is
contraindicated. Thus, the treatment process of psychi-
atric patients will not be disturbed.

Study limitations

First, the seizure duration was evaluated based on the
researcher’s observation. However, according to valid
references, the results could not be significantly af-
fected. Second, the patient himself could not decide to
participate. Third, the non-entry of high-risk cases with
underlying diseases was another limitation. Perhaps pa-
tients who met difficult mask ventilation criteria or other
exclusion criteria needed to receive an alternative to suc-
cinylcholine

¢ Caspian Journal of
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Study strengths

So far, the studies of replacing succinylcholine with
other muscle relaxants in ECT patients have mostly been
in case reports, and clinical trials are scarce and have nu-
merous limitations. This research is precious in the form
of a clinical trial with practical results.

Study suggestions

Considering that the safety and utility of cisatracurium
in electroshock patients have been shown as the initial
steps to achieve more applicable results, future research
in this field with other doses and with limited exclusion
criteria is welcome. Also, based on the promising results
of two recent clinical trials conducted in the same center,
planning a clinical trial to compare these two drugs can
obtain much more practical information.
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