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Abstract: Electroconvulsive therapy (ECT) is a definitive treatment for patients with psychiatric
disorders that are severe, acute, or refractory to pharmacologic therapy. Providing anesthesia for ECT
is challenging, as the effect of drugs on hemodynamics, seizure duration, comfort, and recovery must
be considered. We highlight and aim to review the common anesthetics used in ECT and related
evidence. While drugs such as methohexital, succinylcholine, and etomidate have been used in
the past, other drugs such as dexmedetomidine, ketamine, and remifentanil may provide a more
balanced anesthetic with a greater safety profile in select populations. Overall, it is essential to
consider the patient’s co-morbidities and associated risks when deciding on an anesthetic drug.
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1. Introduction

With over 100,000 electroconvulsive therapy (ECT) treatments performed annually
in the United States, ECT has been a mainstay treatment option in patients with severe or
acute psychiatric disorders refractory to pharmacological therapy [1]. Greater application
of the current practices in anesthetic management and perioperative care for ECT will
improve patient outcomes and reduce variability in clinical practice. This narrative review
summarizes the currently used pharmacologic agents used to provide anesthesia safely
and effectively for ECT. Thereby, the importance lies within investigating the potential
impact on patient mortality, improvement in perioperative clinical practice, and future
translational studies.

The use of anesthetic drugs for ECT requires a delicate balance between providing ad-
equate anesthesia and minimal drug-related post-operative side effects while maintaining
stable hemodynamic parameters and having a limited effect on seizure duration. The use
of muscle relaxants has been a mainstay to facilitate ECT treatments. The role of muscle
relaxants in ECT stems from the ability to reduce fractures. It has been documented in the
literature that during ECT, 35% of patients who do not receive muscle relaxants sustain
fractured vertebrae. The implementation of short-term paralytics, such as succinylcholine,
mitigates this while also minimizing residual paralysis in the post-anesthesia care unit.
Luccarelli, Henry, and McCoy noted a fracture rate of 3.56 per 1 million treatments in their
study when muscle relaxants were used [2].

Electroconvulsive therapy (ECT) has been a well-established treatment option for
patients who suffer from severe and medication-resistant depression, mania, schizoaffective
disorder, catatonic symptoms, and acute suicidal ideations [3]. The underlying mechanism
for which ECT implores its therapeutic effect is by provoking a generalized epileptic
seizure. More specifically, the goal is to induce a motor and electroencephalogram (EEG)
seizure lasting at least 25 and 40 s, respectively [4]. Treatments are usually performed
three times a week for a total of six to twelve treatments, and maintenance therapy can
be performed once a week to once a month [3]. Anesthesia is provided during ECT for
sedation and muscle relaxation. However, the choice of anesthetic agents for sedation is
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critical, as it can affect the seizure quality, seizure duration, and post-procedure course [5,6].
Transcutaneous electrodes are applied either unilaterally or bilaterally, and 70 to 120 volts
of pulsed electricity are used to induce a seizure, ideally lasting 30 s [7]. Anesthesia is
provided during ECT for sedation and muscle relaxation.

Furthermore, it is essential to understand the physiologic response that occurs when
ECT is performed. When an electrical impulse is applied via transcutaneous electrodes to
induce a seizure, an acute cardiovascular response occurs. This cardiovascular response is
initially parasympathetic and associated with bradycardia lasting 10 to 15 s [8,9]. Subse-
quently, a sympathetic response occurs in which tachycardia and hypertension occur via a
surge in catecholamine release, lasting as long as five minutes. It has been documented
that blood pressure can be increased by 30% to 40%, and heart rate can be increased by
20% [8,9]. This attenuated sympathetic response has apparent sequelae, as this can lead to
arrhythmias, myocardial ischemia, cerebral hemorrhage, and cortical blindness.

Through this narrative review, we hope that application of newer drugs based on
evidence can improve patient morbidity and perioperative safety.

2. Methodology

We performed a literature search in the PubMed and Ovid MEDLINE databases,
with the last search done on 30 June 2021 to compile current literature for our narrative
review. A search using keywords ‘Electroconvulsive Therapy’ returned 15,709 articles
in the PubMed Database, which was narrowed down to 1153 results with the keyword
Anesthesia. Results from 2010 (476) were reviewed to focus on publications relevant to
newer drugs and practices related to Anesthesia for Electroconvulsive therapy. Articles
related to adult patients who underwent ECT under anesthesia provided by an anesthesia-
trained physician were included. Articles that systematically analyzed smaller studies were
also included, along with any studies that the authors felt valuable to providing a broad
perspective on the topic. Although we acknowledge the risk of introducing significant
selection bias, being a narrative overview, we intend to summarize the latest information
related to various drugs used by the Anesthesiology team and understand its implications.
Information related to the agent’s effect on seizure duration, hemodynamic parameters,
postoperative recovery, and pharmacology were summarized for inclusion in the article.

3. Anesthetic Drugs Currently Used during ECT

An ideal anesthetic used for sedation during ECT must have some specific charac-
teristics. It must have a quick onset, easy administrative capability, short distribution
half-life, and minimal effect on memory, seizure duration, and postoperative recovery [10].
Table 1 summarizes the drugs commonly used by the anesthesia team, as well as their
pharmacology and post-procedural considerations while in recovery.

3.1. Etomidate

Etomidate mediates its anesthetic effects in the central nervous system by acting as a
γ-aminobutyric acid (GABA) type A agonist. An intravenous bolus dose of 0.2 mg/kg to
0.4 mg/kg is typically sufficient to achieve a hypnotic effect. Metabolism of etomidate is
primarily via hepatic esterase activity, which hydrolyzes the drug into a carboxylic acid
and is subsequently excreted in the urine. As a result, elderly or ill patients may require
lower dosing because of reduced protein binding and reduced clearance. The total plasma
clearance is 15–20 mL/kg/min, and the terminal metabolic half-life of etomidate in humans
ranges from 2–5 h [11]. These specific properties of etomidate are summarized in Table 1.
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Table 1. Summary of drugs currently used during anesthesia for ECT.

Drug Onset of Action Half-Life Issues during Postprocedural Recovery Effect on Seizure
Duration

Etomidate 30–60 s 2–5 h Nausea, vomiting, adrenal suppression,
clonus, and injection site pain. Increase

Methohexital 30–60 s 3–6 h Acute intermittent porphyria, drowsiness,
apnea, confusion, nausea, and vomiting. No effect

Dexmedetomidine 4–5 min 2–2.5 h Bradycardia, arrhythmias, and hypotension. No effect

Ketamine 1–2 min 2.5–3 h Disassociation, increased secretions,
hypertension, and tachycardia. Increase

Remifentanil 1–3 min 1–20 min Dyspnea, hypotension, bradycardia, nausea,
and vomiting. No effect

Succinylcholine 30–60 s 30–60 s Apnea, residual paralysis, malignant
hyperthermia, and bradycardia. No effect

Rocuronium 3–5 min 20–45 min Respiratory complications, if not entirely
reversed, and anaphylaxis. No effect

Etomidate is also commonly used in ECT as it increases seizure duration. However,
it is adversely associated with myoclonus, a longer time to wake up when compared to
methohexital, and limited blunting from hypertension or tachycardia [8,9].

A systematic review and meta-analysis by Singh et al. compared etomidate’s effect on
seizure duration with propofol, thiopental, and methohexital [12]. Seventeen trials were
identified involving 704, 84, 2491, and 258 settings of ECT using etomidate, methohexi-
tal, thiopental, and propofol, respectively. In the etomidate group, pooled EEG seizure
duration was longer by 2.23 s (95% confidence interval [CI], −3.62 to 8.01; p = 0.456) than
methohexital, longer by 17.65 s (95% CI, 9.72–25.57; p < 0.001) than propofol, and longer by
11.81 s (95% CI, 4.26–19.35; p = 0.003) than thiopental. Pooled motor seizure duration was
longer in the Etomidate group by 1.45 s (95% CI, −4.79 to 7.69; p = 0.649) than methohexital,
longer by 11.13 s (95% CI, 6.64–15.62; p < 0.001) than propofol, and longer by 3.60 s (95% CI,
2.15–5.06; p < 0.001) than thiopental. Therefore, when comparing EEG and motor seizure
durations between etomidate with propofol and thiopental, etomidate is more advanta-
geous in the setting of ECT. Etomidate, however, displayed equivocal results in comparison
to methohexital seen in this study.

3.2. Methohexital

Similar to etomidate, methohexital acts on the GABAA receptor of the central nervous
system. The induction dose of methohexital to achieve sufficient anesthesia for ECT is
1.5 mg/kg. Metabolism of methohexital occurs in the liver through demethylation and
oxidation, and the metabolites are excreted through the kidneys. Because methohexital has
a quick onset and a fairly short half-life of 5.6 ± 2.7 min, it is an ideal anesthetic for short
procedures such as ECT [13,14]. These specific properties of methohexital are highlighted
in Table 1.

Methohexital is considered by many to be the gold standard for ECT. It does not affect
seizure duration while also blunting the sympathetic hemodynamic response commonly
seen in ECT [8,9].

3.3. Dexmedetomidine

Dexmedetomidine is a highly selective α2-adrenergic receptor agonist and has been
documented to be 8 to 10 times more selective than clonidine towards the α2 receptor. As
discussed, dexmedetomidine is a valuable sedative agent with analgesic properties, favor-
able hemodynamics, and minimal respiratory depression. Dexmedetomidine undergoes
almost complete biotransformation through direct N-glucuronidation and cytochrome
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P-450 (CYP 2A6)-mediated aliphatic hydroxylation to inactive metabolites and is excreted
almost entirely in urine. A premedication dose of 0.33 to 0.67 mg/kg IV can be given
15 min before surgery, but the provider should be aware of bradycardia and hypotension
when bolus doses are given. The recommended dose range of 0.2 to 0.7 µg/kg/h was
administered as an intravenous infusion. Finally, the distribution phase is rapid, with a
half-life of distribution of approximately 6 min and an elimination half-life of 2 h [15]. An
overview of these specific properties of dexmedetomidine can be seen in Table 1.

In a prospective, randomized, double-blinded crossover study by Sannakki et al., it
was found that intravenous infusion of 1 µg/kg of dexmedetomidine before induction of
anesthesia was effective in preventing the acute hyperdynamic response without altering
seizure duration [16]. Specifically, it was found that in the dexmedetomidine group that
heart rates at the 3rd and 5th min after electric stimulus were 4.5 ± 20.1 and 90.4 ± 12.8/min
as compared to 111.9 ± 15.5 and 109.0 ± 13.7 in Group N, respectively (p < 0.0001).
Regarding systolic blood pressure, the dexmedetomidine group had better systolic control
with a 116.53 ± 26.09 compared to the control group of 138.03 ± 19.32 (p < 0.001). However,
patients may have delayed recovery and delayed discharge based on prolonged Modified
Aldrete’s Score and Richmond Agitation-Sedation Score seen in the dexmedetomidine
group. In a randomized, double-blind study by Bagle et al., Dexmedetomidine was found
to better attenuate the hyperdynamic response commonly seen in ECT with minimal effect
on seizure duration or recovery time [17]. A systematic review and metanalysis was
performed by Li et al. to identify the effects of using dexmedetomidine in combination
with intravenous anesthetics, for ECT, on seizure duration, hemodynamic parameters such
as maximum mean arterial pressure (MAP) and heart rate after ECT, recovery time, and
post-ECT agitation. Six studies with 166 patients undergoing 7706 ECT sessions were
analyzed. They concluded that there was no significant difference in seizure duration
between the dexmedetomidine and non-dexmedetomidine groups (motor seizure duration:
6 studies; p = 0.41; EEG seizure duration: 3 studies; p = 0.58). They identified that the
maximum MAP and heart rate after ECT were significantly lower in the dexmedetomidine
group (MAP: 6 studies; p = 0.009; H.R.: 6 studies; p = 0.001). They also found that adding
dexmedetomidine to the medications used did not significantly prolong recovery time
when the reduced-dose propofol was used (4 studies, p = 0.12) [18].

3.4. Ketamine

Ketamine is a N-Methyl-D-Aspartate (NMDA) receptor agonist. Ketamine is metab-
olized through N-demethylation to the active form, norketamine. It is this metabolite
that allows ketamine to have hypnotic, analgesic, dissociative, and anti-depressive effects.
Because ketamine is very lipid-soluble and has a relatively low protein binding, a very
large volume of distribution is attained and can rapidly cross the blood–brain barrier.
Intravenous administration provides anesthesia within 1–2 min and lasts approximately
20–60 min. Unlike some of the pharmacologic agents, ketamine can be administered intra-
muscularly, which is beneficial in combative patients. Through the intramuscular route,
anesthesia develops within 10–15 min and typically lasts for 30–120 min. In adults, a typical
intramuscular dose is 6.5 to 13 mg/kg in adults, whereas a typical intravenous induction
dose is 1 to 2 mg/kg [18,19]. These properties of ketamine are summarized in Table 1.

A systematic review and meta-analysis done by Ren et al. found that ketamine in ECT
showed no better depression response and remission rates with increased cardiovascular
and psychiatric adverse events. Their study did find that although ketamine used in ECT
cannot reduce the depressive symptoms at the end of treatment, it could accelerate the
anti-depressive effect in depressive patients receiving ECT, especially in those who used
ketamine as an add-on anesthetic [20]. Another metanalysis by Ainsworth et al. included
18 double-blinded randomized controlled trials comparing ketamine to other anesthetic
medications. They found that ketamine did not improve depressive symptoms early during
the course of ECT or later on after the treatment series. Ketamine increased seizure duration
(p = 0.038) both by itself and when given with other anesthetic medications, even when the
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electrical dose was decreased. Ketamine monotherapy showed an increase in hypertension
compared to other groups, but did not increase any other adverse effects. Although the
meta-analysis did not reveal any significant neurocognitive benefit, the authors mentioned
that this was limited by the sample sizes and heterogeneity of the sample populations [21].
An older meta-analysis of 17 Randomized Controlled Trials reported similar results, stating
that ketamine alone did not appear to improve the efficacy of ECT but, in combination with
other anesthetics, may confer a short-term improvement in depressive symptoms [22].

Guerrier et al. did a systematic review and meta-analysis (7 studies out of 38 eligible
studies) looking at the effect of Bispectral Index monitor (BIS) numbers on different param-
eters during ECT, including electrical and motor seizure durations. They found that higher
values of pre-ictal BIS levels were associated with longer motor (correlation 0.72, 95%
CI (0.29–0.91)) and electrical seizure durations (correlation 0.61, 95% CI (0.39–0.75)) [23].
This finding is interesting considering the known effect of ketamine on increasing the BIS
value [24]. Further studies are required to illustrate any direct correlation between BIS
value and seizure duration while accounting for the dose of ketamine and the effect of
ketamine on response entropy (RE) and state entropy (S.E.).

Studies and expert opinions also suggest that the inclusion of dexmedetomidine,
ketamine, or a combination in suitable patients as an adjunct anesthetic can attenuate the
sympathetic response, improve patient satisfaction, and is safe to use for ECT [25].

4. Other Drugs Used for ECT
4.1. Opioids

Opioids have been widely evaluated for use in ECT. Most of the opioids are longer-
acting and, therefore, are not suitable for use in ECT. Opioids do not generally increase
seizure threshold and help control hemodynamic parameters, making them an excellent
adjunct to other anesthetic medications. Opioids are mu, delta, and kappa receptor agonists.
In the setting of ECT, the primary clinical effect is on mu receptors by providing analgesia,
sedation, and decreased smooth muscle tone.

Remifentanil
Remifentanil is an ultra-short-acting opioid with a quick onset of action and a rapid

metabolism by non-specific esterases related to hydrolysis. After a three-hour infusion,
the context-sensitive half-life of remifentanil is 3.2 ± 0.9 min, and the maximum time
to onset after a single dose is 1–2 min [26–28]. An intravenous dose of 1 µg/kg as an
adjunct may be used to reduce the amount of methohexital and propofol required to induce
unconsciousness. A summary of remifentanil’s properties can be seen in Table 1.

A meta-analysis of 13 RCTs (380 patients and 1024 ECT sessions) looked at seizure
duration, maximum systolic blood pressure (SBP), and other parameters. They found that
the remifentanil group showed a significantly prolonged seizure duration (motor seizure
duration: nine studies, p = 0.02; electroencephalogram seizure duration: eight studies,
p = 0.02). The maximum SBP was also significantly lower in the remifentanil group (seven
studies, p = 0.02). They also performed a sub-group analysis due to the heterogeneity
of the samples for seizure duration analysis. They reported prolonged seizure duration
only when the use of anesthetic dose was reduced in the remifentanil group due to its
contributory sedative and analgesic properties [29]. Furthermore, a study by Glavez et al.
looking at the effect of adjuvant remifentanil on the quality of seizures indices, such as
time to slow-wave activity, amplitude, regularity, stereotypy, post-ictal suppression, and
duration, did not reveal any significant effect findings [30].

Alfentanil
In addition to remifentanil, alfentanil has also been studied and used in ECT due to a

relatively quick maximum time of onset of 1.4 min, a context-sensitive half-life of 47.3 ± 12
min after a three-hour infusion, and a short elimination half-life (1.5 h) compared to other
opioids. In an observer-blinded, prospective, randomized crossover study, it was found
that a combination of methohexital/alfentanil had a more significant seizure duration than
propofol alone [31]. However, recovery time was greater in the methohexital/alfentanil and
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methohexital groups when compared to propofol alone [8,31]. A combination of remifen-
tanil and methohexital was also evaluated. It was found that the methohexital-sparing
effect of remifentanil prolonged seizure duration when using methohexital alone [8,31].
Interestingly, the hemodynamic and recovery times were similar in both groups [8,31]. On
the contrary, fentanyl was found to have a limited role in ECT. Mainly because when used
with methohexital, seizure duration was reduced, and fentanyl also failed to attenuate the
hemodynamic response [8,32].

Thus, shorter-acting opioids, such as alfentanil and remifentanil, have been seen to
reduce the amount of methohexital required and, consequently, serve as an adjunct to
prolonging seizure duration.

4.2. Depolarizing Neuromuscular Blockers

Muscle relaxation agents are utilized in ECT to prevent musculoskeletal injuries, such
as fractures and myalgias from the vigorous activity experienced from the seizure [8]. As
mentioned previously, Luccarelli, Henry, and McCoy noted a fracture rate of 3.56 per 1
million treatments with the implementation of paralytic agents [2]. Ideally, a short-term
paralytic with rapid onset is used so that minimal residual paralysis is seen after the
procedure. Succinylcholine is, therefore, the most commonly used paralytic during ECT. It
is a depolarizing neuromuscular blocking agent which depolarizes the motor end plate by
adhering to post-synaptic cholinergic receptors, resulting in a phase 1 (depolarizing phase)
and an eventual phase 2 (desensitizing phase) block.

Succinylcholine typically has an onset of 0.5 to 1.0 min, lasting 5 to 10 min, and the
standard dosing is between 0.5 to 1.5 mg/kg. An additional benefit of using a paralytic
agent to prevent airway obstruction is that it will help assist the anesthesia provider in mask
ventilation during the procedure. Succinylcholine should, however, be used cautiously in
patients with bradyarrhythmias [8]. It is well-established that larger and repetitive doses
of succinylcholine can potentiate bradycardia. Additionally, succinylcholine should be
avoided in patients with a history of malignant hyperthermia and neuromuscular disease.
Succinylcholine can cause a life-threatening hypermetabolic skeletal disease associated with
hypercapnia, hyperpyrexia, hyperkalemia, and metabolic acidosis in the above diseases,
leading to cardiovascular instability. These specific properties of succinylcholine are
summarized in Table 1.

4.3. Non-Depolarizing Neuromuscular Blockers

In patients in which a short-term depolarizing paralytic such as Succinylcholine is
contraindicated, non-depolarizing neuromuscular blockers can be used instead.

4.3.1. Rocuronium

Rocuronium is a non-depolarizing neuromuscular blocking agent that serves as a
competitive antagonist to the acetylcholine receptor, preventing acetylcholine from binding
and subsequent motor end plate potentials. The dose to provide adequate paralysis is
0.6 mg/kg, and the onset for paralysis is usually 3–5 min [33,34]. Because rocuronium
is a longer paralytic, a couple of considerations should be highlighted. Firstly, with
any paralytic agent, establishing mask ventilation is essential once the patient is sedated
before giving rocuronium. Secondly, because the half-life of rocuronium is 20–45 min,
this medication will typically outlast the duration of the procedure. Thus, neuromuscular
monitoring is needed to evaluate the amount of residual paralysis the patient has. Table 1
highlights these specific properties of rocuronium. Patients will benefit from reversal with
sugammadex due to its rapid onset of action and low side-effect profile. H. Mirzakhani et al.
noted that 2 mg/kg of sugammadex is sufficient to reverse rocuronium at a post-tetanic
count of 1 or 2 [35]. Inadequate reversal of rocuronium with neostigmine (a cholinesterase
inhibitor) and its dosing limitations can cause residual paralysis, resulting in respiratory
complications while in the recovery unit. It should also be noted that more than 50% of
anaphylactic and anaphylactoid reactions on induction are attributed to rocuronium and
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other paralytics in this class (non-depolarizing neuromuscular blocking drugs) [33–35].
Additionally, rocuronium is eliminated predominately via the hepatobiliary system and
partly via the renal system. Finally, acute burn victims and patients suffering from stroke
may be resistant to rocuronium and may have inadequate paralysis, although this might
not be relevant to the population receiving ECT [33,34]. A case report by Takazawa
et al. compared succinylcholine and rocuronium as neuromuscular blocking agents for
electroconvulsive therapy in a patient with pseudocholinesterase deficiency [25]. While it
would be expected that paralysis with the administration of succinylcholine in a patient
with pseudocholinesterase deficiency would be prolonged, Takazawa et al. concluded
that the recovery time from muscle relaxation after succinylcholine administration was
remarkably longer than that after rocuronium-sugammadex administration. In their case
report, seizure duration was unaffected while the time to shifting from the OR was nearly
10 min longer when using Succinylcholine than after rocuronium-sugammadex (p < 0.05).
Furthermore, in patients without pseudocholinesterase deficiency, it has been shown
that 8 mg/kg sugammadex produced equally rapid recovery from ROC-induced (0.6
mg/kg) muscle relaxation compared with spontaneous recovery from 1 mg/kg SCC
during ECT [35,36].

4.3.2. Mivacurium

Mivacurium, when available, is a common alternative for patients undergoing ECT
in which Succinylcholine is contraindicated. A dose of 0.16 mg/kg to 0.20 mg/kg has
been recommended for sufficient paralysis. However, it tends to have a duration of action
of 12–20 min with an onset time of 2–3 min. Mivacurium is metabolized by pseudo-
cholinesterase, and a prolonged duration of action will be seen in patients with pseudo-
cholinesterase deficiency. Finally, it is also commonly associated with clinically significant
histamine release and occasional hypotension [8].

5. Conclusions

This broad narrative review has summarized the drugs currently used worldwide for
ECT. It has identified areas requiring further translational investigation by investigating
the multitude of pharmacologic agents and their combination for ECT. Methohexital and
succinylcholine combination is most commonly used in the United States due to their
short duration of action and minimal effects on seizure duration. We cannot recommend a
specific combination of drugs due to the differences in patient factors, availability of drugs,
institutional culture, and anesthesiologist and psychiatrist preference. However, based on
the positive results of smaller studies, we suspect that with more extensive randomized
and prospective studies, the inclusion of ketamine and dexmedetomidine as adjuncts may
help safely limit the dose of other anesthetics and eventually phase out prior anesthetic
management with ECT.

Author Contributions: Conceptualization by K.L. and T.S. Writing—original draft preparation by
K.L. Writing—draft preparation, review, and editing, T.S. Writing—review and editing, K.D.J. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: We thank the Department of Anesthesiology at the University of Toledo Medical
Center for resources and active support.

Conflicts of Interest: The authors declare no conflict of interests.



Life 2021, 11, 981 8 of 9

References
1. Kerner, N.; Prudic, J. Current electroconvulsive therapy practice and research in the geriatric population. Neuropsychiatry 2014, 4,

33–54. [CrossRef] [PubMed]
2. Luccarelli, J.; Henry, M.E.; McCoy, T.H. Quantification of fracture rate during electroconvulsive therapy (ECT) using state-

mandated reporting data. Brain Stimul. 2020, 13, 523–524. [CrossRef] [PubMed]
3. Jaffe, R. The Practice of Electroconvulsive Therapy: Recommendations for Treatment, Training, and Privileging: A Task Force

Report of the American Psychiatric Association, 2nd ed. Am. J. Psychiatry 2002, 159, 331. [CrossRef]
4. Dunne, R.; McLoughlin, D. The ECT Handbook Third Edition. In The ECT Handbook; Waite, J., Easton, A., Eds.; Royal College of

Psychiatrists Publications: London, UK, 2013; pp. 28–44. ISBN 978-1-908020-58-1.
5. Wajima, Z. Anesthesia management of special patient populations undergoing electroconvulsive therapy: A review. J. Nippon

Med. Sch. 2019, 86, 70–80. [CrossRef] [PubMed]
6. Soehle, M.; Bochem, J. Anesthesia for electroconvulsive therapy. Curr. Opin. Anaesthesiol. 2018, 31, 501–505. [CrossRef]
7. Kumar Kar, S.; Singh, A. How Electroconvulsive Therapy Works?: Understanding the Neurobiological Mechanisms. Clin.

Psychopharmacol. Neurosci. 2017, 15, 210–221. [CrossRef]
8. Ding, Z.; White, P.F. Anesthesia for electroconvulsive therapy. Anesth. Analg. 2002, 94, 1351–1364. [CrossRef]
9. Sannakki, D.; Dalvi, N.; Sannakki, S.; Parikh, D.; Garg, S.; Tendolkar, B. Effectiveness of dexmedetomidine as premedication prior

to electroconvulsive therapy, a Randomized controlled cross over study. Indian J. Psychiatry 2017, 59, 370–374. [CrossRef]
10. Deiner, S.; Frost, E.A.M. Electroconvulsive therapy and anesthesia. Int. Anesthesiol. Clin. 2009, 47, 81–92. [CrossRef]
11. Warner, D.S.; Forman, S.A. Clinical and Molecular Pharmacology of Etomidate. J. Am. Soc. Anesthesiol. 2011, 114, 695–707.
12. Singh, P.M.; Arora, S.; Borle, A.; Varma, P.; Trikha, A.; Goudra, B.G. Evaluation of Etomidate for Seizure Duration in Electrocon-

vulsive Therapy: A Systematic Review and Meta-analysis. J. ECT 2015, 31, 213–225. [CrossRef] [PubMed]
13. Martone, C.H.; Nagelhout, J.; Wolf, S.M. Methohexital: A practical review for outpatient dental anesthesia. Anesth. Prog. 1991, 38,

195–199. [PubMed]
14. Kadiyala, P.K.; Kadiyala, L.D. Anaesthesia for electroconvulsive therapy: An overview with an update on its role in potentiating

electroconvulsive therapy. Indian J. Anaesth. 2017, 61, 373–380. [CrossRef] [PubMed]
15. Kaur, M.; Singh, P. Current role of dexmedetomidine in clinical anesthesia and intensive care. Anesth. Essays Res. 2011, 5, 128–133.

[CrossRef]
16. Kellner, C.H.; Iosifescu, D.V. Ketamine and ECT: Better alone than together? Lancet Psychiatry 2017, 4, 348–349. [CrossRef]
17. Bagle, A.A.; Thatte, W.S.; Kate, P.A. Dexmedetomidine in premedication to attenuate the acute hyperdynamic response to ECT: A

randomised, double-blind, controlled study. S. Afr. J. Anaesth. Analg. 2016, 22, 23–27. [CrossRef]
18. Li, X.; Tan, F.; Cheng, N.; Guo, N.; Zhong, Z.Y.; Hei, Z.Q.; Zhu, Q.Q.; Zhou, S.L. Dexmedetomidine Combined With Intravenous

Anesthetics in Electroconvulsive Therapy: A Meta-analysis and Systematic Review. J. ECT 2017, 33, 152–159. [CrossRef] [PubMed]
19. Cobb, K.; Nanda, M. Ketamine and electroconvulsive therapy: So happy together? Curr. Opin. Anaesthesiol. 2018, 31, 459–462.

[CrossRef]
20. Ren, L.; Deng, J.; Min, S.; Peng, L.; Chen, Q. Ketamine in electroconvulsive therapy for depressive disorder: A systematic review

and meta-analysis. J. Psychiatr. Res. 2018, 104, 144–156. [CrossRef]
21. Ainsworth, N.J.; Sepehry, A.A.; Vila-Rodriguez, F. Effects of Ketamine Anesthesia on Efficacy, Tolerability, Seizure Response,

and Neurocognitive Outcomes in Electroconvulsive Therapy: A Comprehensive Meta-analysis of Double-Blind Randomized
Controlled Trials. J. ECT 2020, 36, 94–105. [CrossRef]

22. Zheng, W.; Li, X.H.; Zhu, X.X.; Cai, D.B.; Yang, X.H.; Ungvari, G.S.; Ng, C.H.; Ning, Y.P.; Hu, Y.D.; He, S.; et al. Adjunctive
ketamine and electroconvulsive therapy for major depressive disorder: A meta-analysis of randomized controlled trials. J. Affect.
Disord. 2019, 250, 123–131. [CrossRef]

23. Guerrier, G.; Gianni, M.A. The effectiveness of BIS monitoring during electro-convulsive therapy: A systematic review and
meta-analysis. J. Clin. Anesth. 2019, 58, 100–104. [CrossRef] [PubMed]

24. Hans, P.; Dewandre, P.Y.; Brichant, J.F.; Bonhomme, V. Comparative effects of ketamine on Bispectral Index and spectral entropy
of the electroencephalogram under sevoflurane anaesthesia. Br. J. Anaesth. 2005, 94, 336–340. [CrossRef] [PubMed]

25. Shams, T.; El-Masry, R. Ketofol-Dexmedetomidine combination in ECT: A punch for depression and agitation. Indian J. Anaesth.
2014, 58, 275–280. [CrossRef] [PubMed]

26. Glass, P.S.; Hardman, D.; Kamiyama, Y.; Quill, T.J.; Marton, G.; Donn, K.H.; Grosse, C.M.; Hermann, D. Preliminary pharma-
cokinetics and pharmacodynamics of an ultra-short-acting opioid: Remifentanil (GI87084B). Anesth. Analg. 1993, 77, 1031–1040.
[CrossRef]

27. Egan, T.D.; Minto, C.F.; Hermann, D.J.; Barr, J.; Muir, K.T.; Shafer, S.L. Remifentanil versus alfentanil: Comparative pharmacoki-
netics and pharmacodynamics in healthy adult male volunteers. Anesthesiology 1996, 84, 821–833. [CrossRef] [PubMed]

28. Egan, T.D.; Lemmens, H.J.; Fiset, P.; Hermann, D.J.; Muir, K.T.; Stanski, D.R.; Shafer, S. The pharmacokinetics of the new
short-acting opioid remifentanil (GI87084B) in healthy adult male volunteers. Anesthesiology 1993, 79, 881–892. [CrossRef]
[PubMed]

29. Takekita, Y.; Suwa, T.; Sunada, N.; Kawashima, H.; Fabbri, C.; Kato, M.; Tajika, A.; Kinoshita, T.; Furukawa, T.A.; Serretti, A.
Remifentanil in electroconvulsive therapy: A systematic review and meta-analysis of randomized controlled trials. Eur. Arch.
Psychiatry Clin. Neurosci. 2016, 266, 703–717. [CrossRef] [PubMed]

http://doi.org/10.2217/npy.14.3
http://www.ncbi.nlm.nih.gov/pubmed/24778709
http://doi.org/10.1016/j.brs.2019.12.007
http://www.ncbi.nlm.nih.gov/pubmed/32289667
http://doi.org/10.1176/appi.ajp.159.2.331
http://doi.org/10.1272/jnms.JNMS.2019_86-202
http://www.ncbi.nlm.nih.gov/pubmed/31130568
http://doi.org/10.1097/ACO.0000000000000624
http://doi.org/10.9758/cpn.2017.15.3.210
http://doi.org/10.1097/00000539-200205000-00057
http://doi.org/10.4103/psychiatry.IndianJPsychiatry_33_17
http://doi.org/10.1097/AIA.0b013e3181939b37
http://doi.org/10.1097/YCT.0000000000000212
http://www.ncbi.nlm.nih.gov/pubmed/25634566
http://www.ncbi.nlm.nih.gov/pubmed/1842156
http://doi.org/10.4103/ija.IJA_132_17
http://www.ncbi.nlm.nih.gov/pubmed/28584345
http://doi.org/10.4103/0259-1162.94750
http://doi.org/10.1016/S2215-0366(17)30099-8
http://doi.org/10.1080/22201181.2016.1244316
http://doi.org/10.1097/YCT.0000000000000398
http://www.ncbi.nlm.nih.gov/pubmed/28263242
http://doi.org/10.1097/ACO.0000000000000607
http://doi.org/10.1016/j.jpsychires.2018.07.003
http://doi.org/10.1097/YCT.0000000000000632
http://doi.org/10.1016/j.jad.2019.02.044
http://doi.org/10.1016/j.jclinane.2019.05.006
http://www.ncbi.nlm.nih.gov/pubmed/31151038
http://doi.org/10.1093/bja/aei047
http://www.ncbi.nlm.nih.gov/pubmed/15591328
http://doi.org/10.4103/0019-5049.135037
http://www.ncbi.nlm.nih.gov/pubmed/25024469
http://doi.org/10.1213/00000539-199311000-00028
http://doi.org/10.1097/00000542-199604000-00009
http://www.ncbi.nlm.nih.gov/pubmed/8638836
http://doi.org/10.1097/00000542-199311000-00004
http://www.ncbi.nlm.nih.gov/pubmed/7902032
http://doi.org/10.1007/s00406-016-0670-0
http://www.ncbi.nlm.nih.gov/pubmed/26822480


Life 2021, 11, 981 9 of 9

30. Gálvez, V.; Tor, P.C.; Bassa, A.; Hadzi-Pavlovic, D.; MacPherson, R.; Marroquin-Harris, M.; Loo, C.K. Does remifentanil improve
ECT seizure quality? Eur. Arch. Psychiatry Clin. Neurosci. 2016, 266, 719–724. [CrossRef] [PubMed]

31. Nguyen, T.T.; Chhibber, A.K.; Lustik, S.J.; Kolano, J.W.; Dillon, P.J.; Guttmacher, L.B.; Nguyen, T.T.; Chhibber, A.K.; Lustik,
S.J.; Kolano, J.W.; et al. Effect of methohexitone and propofol with or without alfentanil on seizure duration and recovery in
electroconvulsive therapy. Br. J. Anaesth. 1997, 79, 801–803. [CrossRef]

32. Weinger, M.B.; Partridge, B.L.; Hauger, R.; Mirow, A. Prevention of the cardiovasular and neuroendocrine response to electro-
convulsive therapy: I. Effectiveness of pretreatment regimens on hemodynamics. Anesth. Analg. 1991, 73, 556–562. [CrossRef]
[PubMed]

33. Naguib, M.; Samarkandi, A.H.; Ammar, A.; Elfaqih, S.R.; Al-Zahrani, S.; Turkistani, A. Comparative clinical pharmacology of
rocuronium, cisatracurium and their combination. Anesthesiology 1998, 89, 1116–1124. [CrossRef] [PubMed]

34. Khuenl-Brady, K.S.; Sparr, H. Clinical pharmacokinetics of rocuronium bromide. Clin. Pharmacokinet. 1996, 31, 174–183. [CrossRef]
[PubMed]

35. Mirzakhani, H.; Welch, C.A.; Eikermann, M.; Nozari, A. Neuromuscular blocking agents for electroconvulsive therapy: A
systematic review. Acta Anaesthesiol. Scand. 2012, 56, 3–16. [CrossRef] [PubMed]

36. Batistaki, C.; Kesidis, K.; Apostolaki, S.; Kostopanagiotou, G. Rocuronium antagonized by sugammadex for series of electrocon-
vulsive therapy (ECT) in a patient with pseudocholinesterase deficiency. J. ECT 2011, 27, e47–e48. [CrossRef]

http://doi.org/10.1007/s00406-016-0690-9
http://www.ncbi.nlm.nih.gov/pubmed/27038445
http://doi.org/10.1093/bja/79.6.801
http://doi.org/10.1213/00000539-199111000-00009
http://www.ncbi.nlm.nih.gov/pubmed/1952135
http://doi.org/10.1097/00000542-199811000-00011
http://www.ncbi.nlm.nih.gov/pubmed/9821999
http://doi.org/10.2165/00003088-199631030-00002
http://www.ncbi.nlm.nih.gov/pubmed/8877248
http://doi.org/10.1111/j.1399-6576.2011.02520.x
http://www.ncbi.nlm.nih.gov/pubmed/22092267
http://doi.org/10.1097/YCT.0b013e318205e1d3

	Introduction 
	Methodology 
	Anesthetic Drugs Currently Used during ECT 
	Etomidate 
	Methohexital 
	Dexmedetomidine 
	Ketamine 

	Other Drugs Used for ECT 
	Opioids 
	Depolarizing Neuromuscular Blockers 
	Non-Depolarizing Neuromuscular Blockers 
	Rocuronium 
	Mivacurium 


	Conclusions 
	References

