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Abstract

Purpose This study was conducted to compare recovery

times from rocuronium-induced muscle relaxation after

reversal with three different doses of sugammadex with

succinylcholine during electroconvulsive therapy (ECT).

Methods Seventeen patients who were scheduled to

undergo ECT were studied. Anesthesia was induced by use

of propofol (1.0 mg/kg) followed by either succinylcholine

(SCC) (1 mg/kg) or rocuronium (0.6 mg/kg). Assisted

mask ventilation was initiated with 100% oxygen. After T1

was assessed as being zero by neuromuscular monitoring,

an electroshock stimulus was applied bilaterally. Patients

receiving rocuronium were infused with 16, 8, or 4 mg/kg

sugammadex immediately after the seizure stopped to

reverse the muscle relaxation. Neuromuscular monitoring

was continued until recovery of the train-of-four ratio to

0.9 at the tibial nerve in the leg. The times to recovery of

T1 to 10 and 90% with both relaxants were compared.

Results The time to recovery of T1 to 90% after 16 mg/kg

sugammadex was shorter than that in subjects treated with

SCC (p = 0.046), whereas that after 4 mg/kg sugammadex

was longer than that in subjects treated with SCC (SCC

group: 429 ± 65 s, 16 mg/kg sugammadex group: 387 ±

63 s*, 8 mg/kg sugammadex group: 462 ± 66 s, 4 mg/kg

sugammadex group: 563 ± 45 s*,#; *p \ 0.05 com-

pared with SCC, #p \ 0.01 compared with 16 mg/kg

sugammadex).

Conclusions This study demonstrates the efficacy of

rocuronium–sugammadex as an alternative to SCC for

muscle relaxation during ECT, and indicates that 8 mg/kg

sugammadex produces equally rapid recovery from rocu-

ronium muscular relaxation compared with spontaneous

recovery from 1 mg/kg SCC during ECT.

Keywords Electroconvulsive therapy � Muscle relaxant �
Rocuronium � Sugammadex � Succinylcholine

Introduction

Succinylcholine (SCC) is commonly used as a muscle

relaxant during electroconvulsive therapy (ECT) because

of its rapid onset and short duration of action [1]. However,

SCC has many side effects, for example myalgia, a small

increase in plasma potassium, and increase in intra-gastric

and intra-ocular pressures [1].

Sugammadex has recently been introduced as a fast-

acting, selective relaxant-binding agent that was designed to

rapidly reverse rocuronium-induced neuromuscular block.

Lee et al. [2, 3] reported that reversal of profound rocuro-

nium (1.0–1.2 mg/kg)-induced neuromuscular block with a

large dose of sugammadex (16 mg/kg) was significantly

faster than spontaneous recovery from SCC. Previously,

we showed the potential benefit of using rocuronium

(0.6 mg/kg)–sugammadex (16 mg/kg) as an alternative to

SCC (1 mg/kg) for muscle relaxation during ECT [4]. A large

dose of rocuronium (1.0–1.2 mg/kg) is usually not needed for

muscle relaxation during ECT, as shown in our previous study

[4] and that of others [1]. Hence, we speculated that a slightly

smaller dose of sugammadex would be required for equally

rapid recovery from 0.6 mg/kg rocuronium-induced muscle

relaxation as from relaxation with 1 mg/kg SCC.

The purpose of this study was to determine the dose of

sugammadex that would produce an equal recovery time
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from 0.6 mg/kg rocuronium-induced muscle relaxation as

from spontaneous recovery from relaxation with 1 mg/kg

SCC during ECT.

Materials and methods

Informed consent was obtained from patients or their

families. All protocols were approved by the local Insti-

tutional Clinical Study Committee and the Institutional

Review Board. Seventeen patients who were scheduled to

undergo ECT were studied. None of the patients had a

history of cardiovascular, hepatic, renal, or neuromuscular

disease, or were obese (BMI [35).

Anesthetic management

All patients underwent at least 10 sessions of ECT (three

times per week at 1 or 2-day intervals). To avoid induction

of the parasympathetic reflex, the patients received atro-

pine (0.01 mg/kg IM) 30 min before the ECT procedure.

Data measured during the procedure included blood

pressure (BP), heart rate, oxygen saturation (SpO2; mea-

sured by pulse oximetry on the left or right index finger),

end-expiratory partial pressure of carbon dioxide (end-tidal

CO2:PetCO2) at the nostrils (Capnomac Ultima; Datex,

Helsinki, Finland) and electrocardiogram (ECG; lead II).

Measurements were initiated before ECT and were termi-

nated at the end of the procedure.

Anesthesia was induced by use of propofol (1.0 mg/kg

intravenously over 5 s), followed by either SCC (1 mg/kg

intravenously) or rocuronium (0.6 mg/kg intravenously)

over 5 s, followed by a 10-ml saline bolus. Assisted mask

ventilation was initiated with 100% oxygen. After T1 was

assessed as being zero by neuromuscular monitoring, an

electroshock stimulus was applied bilaterally for 5 s.

PetCO2 was maintained at 30–35 mmHg and the SpO2

value was maintained above 98% by manual mask assis-

tance throughout the therapy. Patients who received rocu-

ronium were infused with 16, 8, or 4 mg/kg sugammadex

with a 10-ml saline bolus immediately after the seizure

stopped.

During the first and second ECT sessions, we confirmed

that 1 mg/kg propofol and 1 mg/kg SCC could provide

adequate anesthetic conditions and muscle relaxation to all

patients. In addition, the intensity of the ECT stimulus

required to achieve a minimum seizure duration of more

than 20 s was determined during these sessions.

All patients received 1 mg/kg SCC as the muscle

relaxant agent for first three of the subsequent ECT ses-

sions and 0.6 mg/kg rocuronium during the next three

sessions. In the remaining sessions (from 7 to 10 or 12

sessions) 1 mg/kg SCC was used as the muscle relaxant

agent. When rocuronium was used as the muscle relaxant,

patients received one of three sugammadex dosages (16, 8,

or 4 mg/kg), with a 10-ml saline bolus immediately after

the seizure stopped, the dose of sugammadex to be used in

a particular session being decided by a lottery system.

Administration of sugammadex was in a non-blinded

manner. Electroencephalographic (EEG) seizure duration

was recorded by a two-channel EEG after administration of

the electrical stimulus.

Neuromuscular assessment

Neuromuscular monitoring was performed using the TOF-

watch SX (Organon, Roseland, NJ, USA). The tibial nerve

in the leg was supramaximally stimulated at the inferolat-

eral aspect of the medial malleolus with square pulses of

0.2-ms duration, delivered as train-of-four (TOF) pulses, at

intervals of 15 s. The resulting contractions of the great toe

muscles were quantified by an acceleromyographic moni-

tor. Calibration was performed and baseline responses were

recorded after propofol administration and before muscle

relaxant administration. A 50-Hz titanic stimulus was

applied for 5 s and followed after 1 min by TOF stimula-

tion every 15 s. When the response to TOF stimulation was

stable, calibration and supramaximal stimulation were

ensured by the in-built calibration function. Neuromuscular

monitoring was continued until recovery of the TOF ratio

to 0.9. Following the protocol of our previous study [4], we

compared the time to recovery of T1 to 10 and 90%

between relaxants. T1 was zero in all patients when sug-

ammadex was administered. We used recovery of T1 to

10% (instead of TOF ratio) for its simplicity, its common

usefulness between depolarizing and non-depolarizing

relaxants, and because the TOF ratio has uncertain signif-

icance with a single dose of SCC.

Patients were also assessed for clinical signs such as the

time interval between the first spontaneous breath and

administration of muscle relaxant and the time to opening

of eyes to verbal commands.

Statistical analysis

All data are expressed as mean ± standard deviation (SD).

Before the study was started, sample size was evaluated.

The sample size was calculated on the basis of the

hypothesis that recovery of T1 to 10% with 4 mg/kg sug-

ammadex would be prolonged to 60 s compared to that

with SCC [4]. The sample size provided 80% power to

detect a 20% difference between 4 mg/kg sugammadex

and the SCC groups with a 5% probability of a type II

error. A paired t test was used for comparison of the two

groups. For multiple comparisons, one-way factorial

ANOVA and the Bonferroni test were used for the
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comparison. Values of p \ 0.05 were considered statisti-

cally significant.

Calculations were performed by Stat View 5.0 software

(Abacus Concepts, Berkeley, CA, USA).

Results

Patient age, height, and weight were 58 ± 14 years,

157 ± 7 cm, 57 ± 10 kg, respectively. Seven of the 17

patients were male.

Table 1 shows the comparison between the effects of

SCC and rocuronium in terms of time from the start

of administration of neuromuscular blocking agent to a T1

of zero. There was no significant difference between the

groups.

Table 2 shows the time from commencement of

administration of neuromuscular blocking agents to

recovery of T1 to 10 and 90%, seizure duration, and time

to first spontaneous breath in the two groups. The time to

recovery of T1 to 90% in subjects treated with 16 mg/kg

sugammadex was shorter than that in subjects treated with

SCC (p = 0.046), and the time to recovery of T1 to both 10

and 90% in subjects treated with 4 mg/kg sugammadex

was longer than that in subjects treated with SCC

(p \ 0.01). The time to first spontaneous breath in subjects

treated with 16 mg/kg sugammadex was shorter than that

in subjects treated with SCC (p = 0.045), and the time to

first spontaneous breath in subjects treated with 4 mg/kg

sugammadex was longer than that in subjects treated with

SCC (p \ 0.01). No significant difference in seizure

duration was found among the four groups.

No adverse effects, such as nausea, vomiting, myalgia, or

headache occurred with either relaxant. In addition, no

symptoms of recurarization, for example respiratory

depression (indicated by a decrease in SpO2 less than 90%

without supplementary oxygen supply) were seen in any of

the patients treated with rocuronium–sugammadex (4, 8, or

16 mg/kg sugammadex) during the observation period of up

to 12 h after the administration of rocuronium–sugamma-

dex, when the patients were in the ward.

Discussion

This study showed that:

1. the onset of action of 0.6 mg/kg rocuronium is

equivalent to that of 1 mg/kg SCC for muscle relaxa-

tion during ECT; and

2. 8 mg/kg sugammadex is adequate for reversal of

muscle relaxation induced by 0.6 mg/kg rocuronium

during ECT.

Although Trollor and Sachdev [5] suggested the possible

safety of the use of SCC in cases with neuroleptic malig-

nant syndrome, SCC is thought to be a potent trigger for

malignant hyperthermia (MH) [2]. Moreover, use of SCC is

associated with a variety of adverse events and contrain-

dications [2]. To avoid these, some researchers examined

other neuromuscular agents, for example vecuronium

[6, 7], mivacurium [8–10], rapacuronium [11] and rocu-

ronium [12] during ECT. Kelly and Brull [10] demon-

strated the safety of mivacurium as an alternative to SCC.

In contrast, Cheam et al. [8] reported that a low dose of

mivacurium was less effective than SCC. Another study of

the safety of vecuronium reported that vecuronium short-

ened seizure duration and prolonged anesthetic time [6].

Rocuronium is potentially useful for muscle relaxation

during ECT. However, before our previous study [4] there

Table 1 Time from commencement of administration of neuromus-

cular blocking agents to a T1 of zero with each drug

SCC Rocuronium

Time to T1 of 0% (s) 109 ± 28 123 ± 28

p value 0.13

Table 2 Time from commencement of administration of neuromuscular blocking agents to recovery of T1 to 10 and 90%, seizure duration, time

to first spontaneous breath, and interval between rocuronium and sugammadex administration with each drug

Recovery of T1

to 10% (s)

Recovery of T1

to 90% (s)

Time to first

spontaneous

breath (s)

Seizure

duration (s)

Time from administration

of rocuronium to administration

of sugammadex (s)

SCC 310 ± 38 429 ± 65 273 ± 43 36 ± 6

Sugammadex, 16 mg/kg 280 ± 54 387 ± 63* 233 ± 53* 38 ± 4 134 ± 7

Sugammadex, 8 mg/kg 324 ± 68 462 ± 66 267 ± 69 40 ± 7 132 ± 8

Sugammadex, 4 mg/kg 407 ± 74*,# 563 ± 45*,# 360 ± 59*,# 39 ± 5 134 ± 8

SCC, succinylcholine

* p \ 0.05 compared with SCC
# p \ 0.05 compared with sugammadex 16 mg/kg group
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was only one report evaluating the effects of rocuronium

versus SCC on clinical recovery from ECT [12]. Turkkal

et al. [12] reported that although the time to first sponta-

neous breath was longer in the rocuronium group than in

the SCC group, no significant differences were detected

between the two groups in terms of eye opening, head lift,

or tongue depressor testing. However, the dosage of

rocuronium used in the study of Turkkal et al. [12] was

relatively small (0.3 mg/kg), which is thought to be inad-

equate for muscular paralysis, because a dose of 0.3 mg/kg

IV is rocuronium’s ED50 dose for the laryngeal adductor

muscles, this being half of the recommended intubating

dose for rocuronium. Rocuronium (0.6–1.2 mg/kg) typi-

cally produces complete neuromuscular block within

2 min, compared with an average of 1 min with 1 mg/kg

SCC [13]. High-dose rocuronium (1.0–1.2 mg/kg) has been

recommended by some researchers as an effective alter-

native to SCC for rapid sequence induction. However, a

meta-analysis of the Cochrane Review [14] concluded that

intubation conditions do not statistically significantly differ

with the administration of SCC and rocuronium when

propofol is used to rapidly induce anesthesia. Indeed, in

this study, no difference in the time from commencement

of administration of neuromuscular blocking agents to T1

zero was found between the two groups. Hence, doses of

0.6 mg/kg rocuronium and 1 mg/kg SCC are appropriate

for muscle relaxation during ECT.

Sluga et al. [15] compared tracheal intubation conditions

with the use of 0.6 mg/kg rocuronium and 1 mg/kg SCC in

emergency cases and showed that the time interval from

injection of the neuromuscular blocking agents to the ces-

sation of a visible motor response to continuous single-

twitch nerve stimulation of the ulnar nerve was shorter in the

SCC group (median time 40 s) than in the rocuronium group

(median time 70 s). Although there was a tendency towards

a longer interval between commencement of administration

of neuromuscular blocking agents and T1 zero in the rocu-

ronium group in this study, the difference between the two

groups was not significant. The possible cause of this dif-

ference, as we previously showed [16], is that the onset of

action of muscle relaxants is greatly affected by cardiac

output before injection. Another possibility is that Sluga

et al. [15] selected 1.5 mg/kg propofol with 2 lg/kg fenta-

nyl for anesthetic induction. The difference in the anesthetic

regime may also be responsible for the different results.

Lee et al. [3] compared the time required for sug-

ammadex reversal of profound rocuronium-induced neu-

romuscular block with time to spontaneous recovery after

SCC. In their study, either 1.2 mg/kg rocuronium or 1 mg/kg

SCC was used for block of neuromuscular transmission and

facilitation of tracheal intubation. Sugammadex (16 mg/kg)

was administered 3 min after rocuronium administration.

Mean times to recovery of T1 to 90% were significantly

faster in the rocuronium–sugammadex group than in the

SCC group. Hence, they concluded that reversal of pro-

found high-dose rocuronium-induced neuromuscular block

(1.2 mg/kg) with 16 mg/kg sugammadex was significantly

faster than spontaneous recovery from 1 mg/kg SCC. In an

earlier report from Gijsenbergh et al. [17] with an intu-

bating dose of 0.6 mg/kg rocuronium, the TOF ratio

returned to 0.9 within 2 min after administration of 8.0 mg/kg

sugammadex given 3 min after the administration of ro-

curonium. Pühringer et al. [13] examined the dose-depen-

dent effects of sugammadex for reversal of profound

neuromuscular block. Sugammadex (2, 4, 8, 12, or 16 mg/kg)

was administrated 3 min after the administration of 1.0 or

1.2 mg/kg rocuronium. The time to recovery of the TOF

ratio to 0.9 with sugammadex was faster in a dose-depen-

dent manner. These two reports showed that although the

recovery speed of the TOF ratio to 0.9 with sugammadex

was dose-dependent, its efficacy was unchanged. Our study

showed that although 16 mg/kg sugammadex resulted in

the fastest recovery of the TOF ratio to 0.9 in the case of

0.6 mg/kg rocuronium, 8 mg/kg sugammadex had equi-

potent effects on the recovery of the TOF ratio to 0.9

compared with the use of SCC during ECT.

Batistaki et al. [18] reported successful anesthetic man-

agement of a patient with pseudocholinesterase deficiency

by use of rocuronium reversed by sugammadex in a series of

ECT sessions. In a preliminary report, we showed the

potential efficacy of the use of rocuronium–sugammadex as

a muscle relaxant during ECT [4]. Hence, rocuronium–

sugammadex could also be useful for muscle relaxation

during ECT for patients for whom the use of SCC is con-

traindicated. Our report implies that a combination of

rocuronium–sugammadex, using 0.6 mg/kg rocuronium,

may be adequate for inducing muscle paralysis during ECT.

In addition, 8 mg/kg sugammadex produced adequate

recovery from the muscular relaxation induced by 0.6 mg/kg

rocuronium during ECT.

In this study, the patients were administered a combina-

tion of rocuronium–sugammadex repeatedly once a day for

a week during the study. Although this repeated adminis-

tration may possibly have adverse effects on the patients, we

did not find any adverse effects (nausea, vomiting, prolon-

gation of the QTc interval), and more specifically, recura-

rization, with any of the three doses of sugammadex.

Batistaki et al. [18] reported that a combination of rocuro-

nium–sugammadex used every 48 h for 8 consecutive ECT

sessions proved to be effective and safe in a situation where

SCC was contraindicated. Our study also confirms the

potential usefulness of rocuronium–sugammadex for mus-

cle relaxation during ECT for patients for whom the use of

SCC is contraindicated, for example those with severe

osteoporosis, amyotrophic lateral sclerosis, and a history of

neuroleptic syndrome.
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Another consideration is that the combination of rocu-

ronium–sugammadex is eliminated by the kidney, so that it

is possible that its elimination could be prolonged in

patients with impaired renal function, which could induce

adverse effects in these patients. All patients included in

this study had normal renal function, as shown by normal

serum creatinine and BUN levels. However, care should be

taken when using sugammadex for patients with impaired

renal function. Use of the combination of rocuronium–

sugammadex would also be disadvantageous compared

with SCC in cases where re-use of rocuronium is required

immediately after administration of sugammadex.

In conclusion, we demonstrated the efficacy of rocuro-

nium–sugammadex as an alternative to SCC for muscle

relaxation during ECT and showed that 8 mg/kg SG has

equipotent recovery time from muscular relaxation com-

pared with 1 mg/kg SCC during ECT.
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