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Study Objective :  Electroconvulsive therapy is a treatment for psychiatric patients who
fail medical freatment or have severe manifestation. Multiple monitored
electroconvulsive therapy enstres adeqguate stimulation and results
in rapid improvement of the symptoms. Single dose injection of
short acting muscle refaxant is sometimes inadequate for the fatter
stimulation and results in too strong convulsion and injury. We
compared succinyicholine disper{sed in two. divided doses with

the usual single dose for modification of convulsion.

Design :  Randomized double blind crossover trial.
Sefting 2 Tertiary care public hospital.
Patients *  Forty adult psychiafric patients who required muftiple monitored

electroconvulsive therapy.
Interventions 2 After anesthetized, patients in conventional single dose regimen
received 1 mg/kg succinylcholine before stimulation then fwo
+ conseculive electrical stimuli were given in 3 minutes apart. Split
dose regimen consisted of 0.75 mg/kg succinylcholine before first

stimulation and 0.25 mg/kg before second stimulation.

*Department of Anesthesiology, Faculty of Medicine, Chulalongkorm University



314 WT1enY IseTnINuY LRSANE Chula Med J

Measurements ¢ Isolated lower limb with tourniquet and compared the convulsion
severity with another side to identify the poor modification of convulsion.

Main Result :  The incident of poor session in single dose regimen was 43.6 %
compared with 10.3 % in split dose regimen (p=0.004). The average
time from the end of seizure to 20 % muscle twitch height recovery
in singie dose and split dose were 125 seconds and 183 seconds
respectively (p=0.001).

Ceonclusions : Split dose of succinyicholine is suifable for modiﬁggz‘jon of seizure

during multiple monitored electroconvulsive therapy.

Keywords 2 Succinyicholine, Split Dose, Multiple, Electroconvuisive.

Reprint request: Werawatganon T. Department of Anesthesiology, Faculty of Medicine,
Chulalongkom University, Bangkok 10330, Thailand.
Received for publication. March 7, 2005.



Vol. 49 No. 6
June 2005

B LI - - = ﬂlf s
asudeldrifaladuifizannnasuusuasmsdn
IMmsShwsnsnstsridiuuunatensefinsanu

315

]
=8 15

maine Issimniuud, asyy ieades, sudml eisdnwaniuy, ausa Yagaies,

A aF

AUY @mmwﬁﬁ'@wﬁ. mw.ﬁﬂwwﬂ%ﬁa@ﬂﬁmﬁa@mmwgmwwmmsﬁ'm'mmﬁ%'ﬂm

pramsYea Wiuuunsiensefinsady. gwisensaliavans 2548 fi.u; 49(6): 313 - 24

ngUseaed

sluuuntTAnm

fganuh
Uszuans

38a3

nsuszifiuna

HRATSANED

54

AR

o 2 & =) d’ |- 9 = al‘gﬂl 5
nsinmgaenisfan WA uunira@enuilelunisinw lsadniiness
o LAy T & & :
g1 visedenisguussiviwideiuesreday  Tulremenuianaui
Inasfneadaanisfan Wiuuunateaisiasenulunsiauaes
wudanasag uaLaNaziFITuuazanTzazioat lunisuaulsane g
; o 3 : Y & A

av_doulugiazanpainsuussyesnisinlas e vieeunduilani

Lo o lna o et < 2 P = ¥ = :
gviduAedraialaduiiewmiends unasgniresenduiuly/lune
dmfunisdnasauasinlidinguussauaranadsuas ey msdnmil

=] E4 o =3 e =f A 5 - as . g &
wignieunisitedagia la@uvivafunuiauiunasusia ey
A89AN -
wrendirnludiaaauaeay Asausnasgudtgonas 5uen3sla
neun1sinw luasiase azadu e 8ndsuils fAnwuazgilon
lingruaniivenasin
uninanwe - lsaneunaeiaasnsal
A lugihaelsndn 40 mediuniumsinmiin rananuiaeriaensal
anihag denafudaaudeainuigauuaagiiosas la5uendnitalaay
1 un/mnn dwsuninezsuaae iWiassassiniy 3 wii duiuis
urivldazledadidaladu 0.75 wn/nn feunisnsgfuaieusn uaz
0.25-N7V/NN ABUNNSSAUATINAEN
Wi ABLUATINTUUSINIE T NN T899 Freniledafun il
e1fadialraudn (Ul fansesidnguusaminiuuaaidne ildas
lWN128RAINHLNTEINIFEN
N e oo = ar nﬂ’ =4 &

nsutiidnTilaladuazannisdniinouaulaliaaainfosas 43.6

& A = = -4
mRaseFasay 10.3 (p=0.004) lnefiszazinanadalunisuge

v & ¥ o n
AAWILERENIUTINAIN 125 Fud 1T 183 Fundl (p=0.001)
mzuti bidagilalndumnizand miunisanaaiuguusaraanisdn
anmrinsnenisfen Wi wuLVR1BASAAs U

Tagialaay, n1sfan Wi




316 92157 TIETANINUY USSAME

Electroccnvuisive therapy (ECT) is a modality
of treatment in psychiatric practice for depressive
states, acute schizophrenia and some manic states.”™
itis effective in the patients who fail medical treatment
or have severe manifestation. ®® While the electrical
seizure activity in the brain has therapeutic effect an
psychiatric symptoms, motor seizure in the body
causes only harmful effects to the patients. Currently
maodified ECT Is used with suitable muscle relaxation
to attenuate the severity of convulsion and then
minimizes the injury during the therapy. ©

Muitiple monitored electroconvuisive therapy
(MMECT), which stimulated more than one convuision
in one treatment session, has been recommended to
yield a better outcome than single therapy. "
But several convuisions in one session increase the
chance of injury and ailso extend the time of vuinerable
period. There is relatively refractory period following
each seizure, which prevents subsequent stimuli from
eliciting convulsive activity. Thus the minimum interval
between convulsions should be three minutes.
This causes a problem for appropriate muscle relaxant
administration. A single dose of succinylcholine, a
short acting muscle relaxant, is usually used and the
effect is frequently inadequate to modify the seizure
severity of the latter convulsion.- The injury may occur
evenwhen the first convuision is adeguately modified
but the following one is not. Scmetimes supplemental
dose of succinylcholine is given with individual
judgment when the first convulsion seems to be
too violent. We propose that a small dose of
succinylcholine should always be given after the first
convulsion to minimize the risk of injury from
subseqguent convulsion. This is the proposal of split

dose administration.. The objective of this study is to

{10 ’
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compare the effect of split dose with the conventional
single dose of succinylcholine for modification of
motor seizure activity during multiple monitored

electroconvulsive therapy.

Matarials and Methods

The institutional review board of Faculty of
Medicine, Chulalongkorn University had approved
the study protocol. The participants consisted of 40
adult psychiatric patients who were scheduled to
receive more than one session of multiple monitored
electroconvulsive therapy. The sample size was
estimated from pilot data calculated with effect size
30 %, type | error at 0.05, and power of 0.8. ™ The
informed consent was obtained from the patients and '
their responsible relatives. All patients were older than
15years and agreed tc participate. The patients who
had coniraindication to electroconvulsive therapy or
the medication used in the study and those having
history of systemic or neuromuscular problems
or receiving medication that might interact with
succinyicholine were excluded.

Each patient received one treatment, either
single dose or split dose, in the first session according
to randomization by 2 computer. Then he or she would
get the ather dosage regimen in the following
therapy session. The interval between therapy
sessions was atleast 48 hours to ensure that the effect
of succinylchcline was completely washed out.

Forallocation concealment, the numbers were
secured in the consecutive sealed opaque envelopes.
Cnly one person, the drug dispenser, knew the code
after the enroliment of the patient.

Anesthesia started after preparation for

intravenous access and baseline monitoring for EKG,
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EEG, nerve stimulator, and puise oximetry. Thiopental an electrical stimulation for seizure was given by
3 mg/kg was given for .induction: If the patient MECTA SR (MECTRA Corporation, Pertiand, Ore.). A
was not unconscious after 1 minute, supplemental responsible psychiatrist determined the proper
dose of'thaﬁopental would be given as necessary and stimulus parameter and tried to keep it constant,

recorded. The anesthetist, blind to the treatment if possible, throughout the study. Every change of

allocation, manually ventilated the patients and tried stimulus between sessions was recorded. Two minutes
to avoid the condition of hyperventilation. Then the after termination of the first convulsion, the patient
patients received succinylcholine regimen according received an intravenous injection of placebo. Cne
tothe randomization number. minute later, the patient would receive the second

For single dose regimen, 1.0 mg/kg of electrical stimulation. In case of failure to induce
succinylcholine was injected intravencusly after the seizure, additional electrical stimulus might be given

patient was uncenscious (Fig. 1). One minute later, by the psychiatrist’s judgment and recorded.

Bingle dose regimen
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Figure 1. intervention plan.
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For: split dose regimen, 0.75 mg/kg of
succinylcholine was administered first and then 0.25
mg/kg after the first convulsion instead of placebo.
The administration of electrical stimulation was the
same as in the single dose regimen.

The preparation of the study drug in both
regimens varied in concentration of the medication
according tc the patient’s body weight but its volume
and-characteristic were the same. Nobody could
distinguish from its appearance. So everybody, except
the drug dispenser, was blind to the treatment
regimen.

We evaluated the modification of motor
seizure by a pressure cuff to occlude one leg, so that
succinyicholine could not enter that leg, and then
compared the convulsion with other parts of the body.
One observer, who was blind to treatment and not
involved in the treatment, assessed grading score for
convuision severity {Table 1). The score at 5 meant
that succinyicholine was very effective in attenuation
of motor convuision in every part of the body except
the limb that we occluded with a pressure cuff. The
convulsion could be seen only in the cuffed limb and
inthe electroencephalogram monitoring brain electrical

activity. The score from first or second convulsion

Chula Med J

less than 3 indicated poor medification "*'” because
the limbs that received succinyicholine, or not, had
equal intensity of convulsion. This situation denoted
that the dose of succinylicholine was not effective.

When there were clinical signs of forceful
respiration or strong moter movement one minute
after administration of the study drug but before any
electrical stimulation, inadequate muscle relaxation
was possible. Confirmed by muscle twitch height more
than 20 %, this situation then required a rescue dose,
0.5 mg/kg, cf open-iabel succinylcholine. The result
was recorded and classified as a poor outcome for
modification of electroconvulsive therapy.

An accelerometer (TOFwatch, Organon, USA)
was used far neuromuscutar function monitoring from
ulnar nerve stimulation with 0.1 Hz single twitch. An
assistant recorded the time from the end of the
convulsion to 20 % recovery of twitch height,
considered as an indicater of adequate respiration.
Hewould disclose the reading of twitch height to other
g:ﬁersonne& only when there were clinical signs of
inadequate relaxation and the twitch height was more
than 20 % before seizure stimulation, which required

rescue succinylcholine.

Table 1. Seizure medification score assessment.

Score Convuision
1 . Viclent as unmodified electroconvulsive therapy
2 Bilateral moter convulsions equal intensity both cuffed & uncuffed limbs
3 Bilateral motor convulisicns, and the intensity was clearly more in cuffed limb
when compared with corresponding uncuffed limb
4 Motor convuision in cuffed limb and face

5 Motor convuision only in cuffed limb
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Statistical Analysis

At the end of the study, we tabulated the
outcomes by the period and the sequence of the
treatments to illustrate the period effect, sequence
effect; and carry-over effect. "'® The statistical
analysis, by SPSS version 7.5 software, consisted of
McNemar test for seizure modification status and
Wilcoxon -signed rank test for recovery time using

statistical significance level at p<0.05.

Results

The participants included 19 men and 21
women. Their mean + SD of age, weight, and height
were 36 + 11.9 yrs, 61.0 + 14.8 kg, and 161.0 + 9.4
cm, respectively. It was necessary to withdraw one
female patient after the first session of the split dose
therapy because of her amnesia, an adverse effect of
the therapy. So the following sessions were changed
to single ECT stimulation. In the 39 eligible patients,
there were 17 sessions (43.6 %) of poor modification

outcomes from the single dose regimen, and 4
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sessions (10.3 %) from the split dose regimen.
Nineteen patients had good results in both regimens,
whereas one patient had poor results in both regimens
(Table 2). The intrasubject comparison with McNemar
test showed statistically significant difference between
the results of the two regimens (p = 0.004, 2-sided
Exact test). Absoclute risk reduction for poor
modification of seizure by the split dose regimen was
33.3%, with 85 % confidence interval from 14.1 % to
52.8 %. So the number needed to treat was 3, with
95 % confidence interval from 1.9t0 7.1.

When the numbers of poor outcome sessions
were tabulated by treatment sequence and session
pericd (Table 3), the period effect, sequence effect,
and camycver effect could be evaluated. A comparison
of the two row marginals {11 sessions in the first period
compared with 10 sessions in the second period) did
not show any period effect because the difference
was small. A comparison of the column marginals
(11-sessions in single-split sequence compared with

10 sessions in split-single sequence) also did not

Table 2. Outcome in each sequence of treatment.

Qutcome {Good, Goodj) {Good, Poor) {Poor, Good) {Poor, Poor)
Single-Split Seqguence 10 1 8* 1
Split-Single Sequence 9 8 2 0

p =0.004, 2-sided Exact test

Table 3. Poor outcome session tabulated by pericd and sequence of treatment.

Poor outcome session Single-split sequence Split-single sequence Total

Period 1 9in 20 2in19 11in 39
Period 2 2in 20 8in 19 10 in 39
Total 11in 40 10in 38 21in78
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show any seduence effect. The median time between
sessions for washout period in single-split sequence
group was 3 days (range 2-42 days). The median time
between sessions for washout period in split-single
sequence group was 2.5 days (range 2-21 days).

Six patients during the single dose therapy
required a rescue dose of open-label succinyicholine
because of the clinical signs of inadequate muscie
relaxation immediately before the electrical stimulation
whereas three patients in the split dose regimen
needed the rescue. After the rescue the convuision
showed good modification of seizure.

When the patients who received a rescue
dose of succinylcholine were excluded from
the analysis, there still were 11 sessions of poor
modification outcome from the single dose regimen
compared with 1 session in the split dose regimen
{(p=0.006, 2-sided Exact test).

The average time from the end of seizure to
20 % muscle twitch height recovery in the single dose
and the split dose were 125 seconds and 183 seconds
respectively. The difference was statistically significant
(p=0.001, Wilcoxon signed rank test).

There were 2 patients in‘the single dose
regimen and 1 patient in the split dose regimen who

had poor modification of the first convulsion.

Discussion

By using split dose regimen, we could reduce
the risk of poor modification of seizure from43.6 % to
10.3 %:. The patients might have average muscle
recovery time exiended from f25 seconds to 183
seconds. The mean of recovery time difference was
less than one minute, which was not clinically

significant;

Chula Med J

Poor modification of seizure could resuit in
morbidity or mortality, according to earlier reports on
unmodified electroconvulsive therapy. Even though
the tragic outcomes were rare, especially in the new
trend of modified electroconvulsive therapy, and it
was difficult to demonstrate the difference from muscle
relaxant administration regimen "**%, the strong
convuision itself was an unfavorable outcome for the
patients. The inadeguacy of the relaxation and yioient
seizure might lead to objection of the psychiatrists.””

The problems of period effect, sequence
effect, and carryover effect were the major obstacle
to interpret the outcome of a crossover trial. ™ The
period effect was the change of responses due to the
difference between the first and the second period of
observation because each patient was observed
twice. The sequence effect occurred whenever the
order in which treatments were given produced a
difference in the response. The carryover effect was
the persistence of the effect of the first treatment
extending beyond its period of application to influence
the action of a subsequent treatment. The primary
solution to overcome these problems was the selection
of appropriate situation that should not produce
such an effect by the nature of the diseases, the
intervention, and the cutcomes. in the study. The
response of our pafients to electrical stimuli or
succinylcholine and the short action of succinylcholine
compared with the duration of washout period between
sessions were appropriate for the crossover study.

In addition, when the data were classified by
the period and the sequence of treatment, the effect
of these two factors could be estimated. If there was
uniform carryover effect, affecting both treatments

equally, it would appear as a period effect and would
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not bias the estimate of treatment differences. if the
carryover was not uniform, affecting the two treatments
differently, then there would be a sequence effect,
obscuring the true treatment differences. *® Because
_the data did not demonstrate any period effect and

sequence effect (Table 3), the assumption that there

was no carryover effect was not violated.

Murali, et al “® had shown that 1 mg/kg of
succinyicholine was more effective in modifying the
peripheral convulsion in the single electroconvulsive
therapy than 0.5 mg/kg while our study used 0.75
ma/kg in the first portion of the split dose and it was
adequate for modification of the first convulsion in
most patients. If 1 mg/kg was used, instead of
0.75 mg/kg, the muscle relaxation might be a litlle
better and sconer, but the recovery time would be
proloenged. Our study also showed that 0.75 mg/kg
of succinylcholine was effective in modifying the
peripheral convulsion in the first convulsion, so it could
be used in the single electroconvuisive therapy as
well'as 1 mg/kg.

There were some practices to administer the
sipplemental dose of succinyicholine depending on
theresult of the first convulsion and also on the clinical
signs of inadequate muscle relaxation. Infrequently,

. aneuromuscular monitoring was used in guiding the

suceinylcholine administration. While these practices

mightrescue some patients, the rest of the patients
;’stiH had high risk of pcor modification of convulsion.
" Although neuromuscular monitoring might have some
value in some patients, the discrepancy of relaxation
of muscle in different parts of the body produced
. problems when we relied too much an the manitoring.
ome patients had recovery of respiration while their

muscle twitchwas zero. In this condition, a stimulation

mswﬂﬁﬁ’ﬁﬁﬁﬁfﬂ%umﬁa@mmw@umwmm'ﬁﬁn
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might be given with a good cutcome. In contrast, a
few patients who had twitch height below 20 % before
the stimulation had poor modification of seizure.

The issue of the rescue dose was a limitation
to show more difference of the effect between the
two regimens. If there was no rescue, the incidence
of poor convulsion would have increased, but it
was unethical and unpractical. In clinical practice,
anesthesiclogists would add more relaxant, should
there be any clinical signs of inadequate muscle
relaxation.

There was another clinical practice that gave
only one dose of succinyicholine for two electrical
stimulations. By inducing the second stimulation
eariier, 45 seconds after the first convuision, the
second convulsion might occur within the duration of
action of a single dose succinylcholine. - With this
practice one needed to increase the electrical current
because the stimulation would fall on the relative
refractory period. This meant that there was more
electrical current reaching the brain and it might be
more harmful tc the brain. In addition, the failure rate
of stimulationincreased, and in this situation, another
stimulation with higher level of current to the brain was
retried until the adequate seizure occurred. ® We
suggesied that the stimulation should be done
in an appropriate period, beyond 3 minutes after the
first stimulation, with the same setting of electrical
stimulation as-in the first stimulation. The stimulation
could be done without concerning about inadequate
duration of muscle relaxation by using the split dose
regimen.

Multiple monitored electroconvulsive therapy
employed in our institute usually consisted of two

convulsions  in one therapy session and the’ split
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dose of succiny%choﬂiﬂe is suitable for this situation.
In other hospitals that used more than two convuisions
in one session, the intermittent dose of succinylcholine
for each convulsion should be adjusted. In the past,
continuous succinyicholine infusion was recommended
for multiple monitored electroconvulsive therapy
but it is now not poputar. ®® We need intermittent
adeguate relaxation just before each convuision, so
the intermittent dose would be more appropriate.
With high dose of succinyicholine infusion to achieve
intense relaxation throughout the procedure, it would
result in complication such as abnormal phase
blockage.

Atracurium, an intermediate acting nonde-
polarizer, had been used successfully in multiple
electroconvulsive therapy. However the dose of
atracurium should be €.5 mg/kg, instead of 0.3 mg/
kg, to obtain effective modification of convulsion. “*
The duration of this larger dose was longer. Relaxation
of respiratory muscle required assisted ventilation
and relaxation of muscles of the upper airway might
lead to obstruction or aspiration. Some patients
required a reversal of muscle relaxant at the end of
the procedure.

A potential replacement for succinyichcline
was a short acting, nondepolarizing neuromuscular
blocking agent, mivacurium. “*¥ it had fewer side
effects and in low dose (0.08 mg/kg) might have no
need for a reversal. However the gquality of seizure
modification was inadequate in 50 % of patients
who received mivacurium cbmpared with 12.5 % of
patients who received succinylcholine. The study was
terminated early due to objections of psychiatrists
regarding the adequacy of seizure control. Therefore

low dose of mivacurium was not recommended as a

Chula Med J

substitute for succinylcholine during electroconvulsive
therapy. ®” A new nondepolarizing muscle relaxant,
rapacuronium, was proposed for electroconvulsive

@) Eurther study should be done to compare

therapy.
it with succinylcholine.

In conclusion, we recommend that split dose
of succinylchaline is suitable for modification of seizure

during muttiple monitored electroconvulsive therapy.
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