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before Administration of Cisatracurium
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Cisatracurium provides superior hemodynamic stability with only minor release of his-
tamine, and its metabolism via Hoffman elimination is independent of organ function.
However, use of cisatracurium is limited because of reportedly slower onset and unsat-
isfactory intubating conditions. Many studies have shown that remifentanil might pro-
vide reliable intubating conditions; thus, we hypothesized that pretreatment with re-
mifentanil before administration of cisatracurium might result in acceptable intubat-
ing conditions. Sixty healthy patients scheduled for elective surgery were enrolled and
randomly divided into three groups: saline (Group I, n=20), remifentanil 0.5 pug/kg
(Group II, n=20), and remifentanil 1.0 ug/kg (Group III, n=20). The anesthesia was in-
duced with propofol 2.0 ng/kg given intravenously over 30 s followed by injection over
30 s of a different dose of remifentanil according to the study protocol. We examined
the intubating condition by jaw relaxation, vocal cord state, and diaphragmatic re-
sponse 90 s after administering cisatracurium. We also measured mean blood pressure,
heart rate, and the onset time, which is the interval from the end of neuromuscular
blocking agent administration until suppression of maximal T1 on a train-of-four
sequence. The mean values of the intubating condition after endotracheal intubation
in Groups IT and III were significantly lower than that in Group I (p <0.005), although
the overall onset time of cisatracurium did not differ significantly between the three
groups. Our results suggest that supplementation with remifentanil in an induction
regimen with cisatracurium improves the quality of the intubating condition even
though the onset time of cisatracurium is not shortened.
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INTRODUCTION

The ideal neuromuscular blocking agent needs to have
the shortest time to endotracheal intubation, the best in-
tubating conditions, and the shortest duration of muscle
paralysis.' In particular, the rapid sequence induction of
anesthesia and endotracheal intubation are indicated in
emergency situations in the presence of a full stomach or
other conditions with an increased risk of aspiration.

Cisatracurium is a new neuromuscular blocking agent
in Korea with characteristics that differ from those of other
previously used agents. Cisatracurium is a kind of non-
depolarizing neuromuscular blocking agent with inter-
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mediate action. Because cisatracurium is the isomer of
atracurium, the neuromuscular blocking potency of cis-
atracurium is approximately three-fold that of atracurium
and the time to maximum blocking is up to 2 minutes longer
for equipotent doses of cisatracurium compared to
atracurium.? A pharmacodynamic profile of cisatracurium
is similar to that of atracurium, except for a reportedly
slower onset.? Cisatracurium, unlike atracurium, is devoid
of histamine-induced cardiovascular effects in the range of
clinical doses. Also, cisatracurium is metabolized by
Hoffmann elimination to laudanosine and a monoqua-
ternary acrylate such as atracurium.* Laudanosine, a me-
tabolite of atracurium or cisatracurium, has central nerv-

Chonnam Med J 2012;48:96-102



ous system stimulating properties. Laudanosine is de-
pendent on the liver and kidney for its elimination and its
concentration is elevated in patients with hepatic or renal
disease.”® Unlike atracurium, about five times less lauda-
nosine is produced, and accumulation of this metabolite is
not thought to be of any consequence in clinical practice.”
A cisatracurium dose provides superior hemodynamic sta-
bility with only minor release of histamine, and its metabo-
lism via Hoffman elimination is independent of organ
function. Despite these advantages, however, the use of cis-
atracurium is limited because of reportedly slower onset
and unsatisfactory intubating conditions compared with
an equipotent dose of other neuromuscular blocking
agents.s’9

Traditionally, many studies have focused on reducing
the onset time of nondepolarizing neuromuscular blocking
agents. First, briefly, large doses of cisatracurium may
shorten onset time. As larger doses are used, the onset time
is shortened more. But these times are still much slower
than those with succinylcholine or rocuronium.'® Further-
more, large doses of cisatracurium are not suitable for a
short period of anesthesia. Secondly, the onset time of a
neuromuscular blocking agent may be accelerated by the
priming principle; that is, administration of a small sub-
paralyzing dose of the agent several minutes before the
principal intubating dose." However, during the relatively
long priming interval, the awake patient may suffer from
distressing symptoms of muscle weakness such as blurred
vision, dysphagia, and respiratory difficulty.'” Third, the
onset of action of a neuromuscular blocking agent is also
influenced by the speed with which the agent is delivered
to the synaptic cleft. Ephedrine is a weak, indirect, and di-
rect-acting sympathomimetic agent that improves venous
return and increases cardiac output. Albert et al.'® reported
that a low dose (70 pg/kg) of ephedrine given before in-
duction of anesthesia improves tracheal intubating con-
ditions 2 minutes after cisatracurium 0.15 mg/kg. Howe-
ver, larger doses of ephedrine induce a statistically sig-
nificant increase in mean arterial pressure and heart rate
during induction of anesthesia.'*'” Thus, this study as-
sumed that another regimen would improve clinical in-
tubating conditions and would shorten the onset time of cis-
atracurium following administration of remifentanil.

Recently, many studies have shown that it is possible to
successfully intubate the trachea without the use of muscle
relaxants, and the combination of propofol and an opioid
is a well-established practice in both adult and pediatric
practice.'®’® These studies have concluded that re-
mifentanil might improve the intubating condition even if
a neuromuscular blocking agent is not used. However, no
studies have investigated the effects on intubating con-
ditions when cisatracurium is administrated combined
with propofol and remifentanil. In addition, remifentanil
has been shown to have a large volume of distribution and
rapid clearance (92-76 ml/kg/min) with a similar elimi-
nation half-life in all age groups, with means of 3.4-5.7
min," making it suitable for rapid onset and short duration

Hye Jin Jeong, et al

of action during rapid sequence induction. The low dose
was chosen in an attempt to minimize effects on apnea time
and cardiovascular parameters. In the present study,
therefore, we hypothesized that pretreatment with re-
mifentanil before administration of cisatracurium might
result in an acceptable intubating condition.

MATERIALS AND METHODS

1. Patient eligibility

After obtaining approval from the Institutional Review
Board of the Chonnam National University Hospital and
informed written consent from the patients, 60 American
Society of Anesthesia I or II patients aged from 25 to 65
years who were undergoing general anesthesia and endo-
tracheal intubation for elective surgery were enrolled in
the study. Exclusion criteria were any disorder of the car-
diovascular, hepatic, renal, or neuromuscular systems
known from history or clinical examination. Patients in
whom difficult intubation was expected, such as pregnant
or lactating women and patients on medication known to
interact with neuromuscular blocking drugs, e.g., anti-
biotics, antidepressants, anticonvulsants antiarrhythmics,
and magnesium sulfate, were also excluded.

2. Induction protocol of anesthesia

The calculated sample was 20 per group with a total sam-
ple size of 60 for the three groups of the study. Patients were
equally randomly assigned by use of a random number gen-
erator to one of the three study groups to receive the follow-
ing in a double-blinded manner: Group I, saline; Group II,
remifentanil 0.5 pg/kg; and Group III, remifentanil 1.0
ng/kg.

All patients were premedicated with midazolam 0.1
mg/kg orally 60 minutes before the induction of anesthesia.
Before arrival in the operating room, the patients had an
intravenous catheter placed to allow administration of flu-
ids and drugs. Standard monitoring, including non-
invasive blood pressure monitoring, electrocardiography,
pulse oximetry, and bispectral index score monitoring was
applied and assessed continuously. Before induction of an-
esthesia, surface electrodes were placed over the ulnar
nerve at the wrist for neuromuscular monitoring. After loss
of consciousness, the ulnar nerve was stimulated at the
wrist with a square wave stimulus set at a current of 50 mA
and duration of 0.2 ms.” Each stimulus was delivered in
a train-of-four sequence and was repeated every 12 s by us-
ing a TOF Guard neuromuscular transmission monitor
(Organon Teknika NV, Boxtel, Netherlands).

After the patients breathed 100% oxygen, anesthesia
was induced with propofol 2.0 mg/kg given intravenously
over 30 s followed by injection of a different dose of re-
mifentanil over 30 s. The remifentanil syringe was pre-
pared by an independent anesthesiologist in a total volume
of 10 ml with normal saline. Therefore, all anesthesiolo-
gists were blinded to the dose of remifentanil. We per-
formed endotracheal intubation 90 s after the end of cis-
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atracurium administration by the same skilled anesthesi-
ologist who was not involved in the anesthesia technique
and was consequently blinded to the dose of remifentanil.
To avoid vocal cord injury, endotracheal intubation was not
attempted if the vocal cords were fully closed. After in-
tubation, anesthesia was maintained with 50% nitrous ox-
ide in oxygen and 2.0 vol% sevoflurane.

3. Evaluation of intubating responses

Intubating conditions were graded by using the scoring
scale initially described by Cooper et al. (Table 1). The as-
sessed score was classified as a grade of excellent (0-1), good
(2-3), poor (4-5), or impossible (6-9), respectively.” The on-
set time was defined as the time interval from the end of
neuromuscular blocking agent administration to the max-
imal suppression of T1%. Measurements of heart rate and
mean blood pressure were made immediately before in-
duction, immediately before tracheal intubation, and 1 and
3 minutes after tracheal intubation. Patients were moni-
tored for any signs of histamine release clinically through
skin changes graded as flush (if redness lasted >120 s), er-
ythema, or wheals® and the presence of any hemodynamic
changes or bronchospasm.

4. Statistical analysis
Data were processed by using SPSS version 16.0 (SPSS

TABLE 1. Assessment of intubating condition

Score
Criteria

0 1 2 3
Jaw relaxation Complete Moderate Minimal None
Vocal cords Open Slight Closing  Closed

moving

Diaphragmatic None Slight Coughing Bucking
response movement

Modified from Cooper et al.® Intubating conditions were rated to
a higher score if one of the three conditions required was not met.

TABLE 2. Demographic data

Inc, Chicago, IL, USA). Quantitative data were expressed
as meanszstandard deviations. Student’s t-test was used
on parametric data (age, height, weight, aspartate amino-
transferase, alanine aminotransferase, creatinine, esti-
mated glomerular filtration rate, mean blood pressure,
heart rate, intubating condition score, and onset time)
paired within groups and unpaired between groups. The
chi-squared test was used for nominal data (gender). A
probability value (p value) <0.05 was considered statisti-
cally significant.

RESULTS

1. Patient characteristics

There were no significant differences between the three
groups in gender, age, height, weight, aspartate amino-
transferase, alanine aminotransferase, creatinine, or esti-
mated glomerular filtration rate. Neither were there sig-
nificant differences in the mean blood pressure and heart
rate before anesthetic induction (Table 2).

2. Intubating responses

Endotracheal intubation was successful on the first at-
tempt in all patients. The mean value of the intubating con-
dition after endotracheal intubation was significantly low-
er in Groups II and III than in Group I in a dose-dependent
manner (p<0.005; Fig. 1). Intubating conditions were ex-
cellent or good in 14 patients in Group II and 19 patients
in Group III (Table 3). On the other hand, no patients were
classified as having excellent or good intubating conditions
in Group I. Fourteen patients in Group I had an impossible
intubating condition. The remaining patients were rated
as poor. The overall onset time of cisatracurium did not dif-
fer significantly between the three groups (p=0.748; Fig. 2).
The onset time was 181+53 s in Group I, 188+41 s in Group
II, and 178+29 s in Group III.

Group I Group II Group III p value
Gender, male/female (n) 6/14 5/15 9/11 0.390
Age (years) 45.2+154 52.2+14.6 41.5+17.3 0.210
Height (cm) 159.5+6.6 160.2+7.2 163.4+10.9 0.303
Weight (kg) 56.4+6.6 55.7+7.5 60.9+10.1 0.125
Baseline mean blood pressure (mmHg) 90.1+13.1 96.0£12.4 91.3+11.6 0.351
Baseline heart rate (beats/minute) 76.2+11.5 69.7+14.9 74.4+10.4 0.246
Aspartate aminotransferase (U/L) 21.7+11.1 20.3+6.4 25.9+10.1 0.169
Alanine aminotransferase (U/L) 15.4+7.1 16.5+10.5 22.5+11.2 0.077
Creatinine (mg/dl) 0.62+0.13 0.63+0.11 0.65+0.15 0.703
Estimating glomerular filtration rate (ml/min) 108.2+19.1 97.1+22.1 119.8+31.0 0.337

Values are Mean+SD. Estimating glomerular filtration rate is calculated by Cockcroft-Gault equation. Statistical significance accepted
when p<0.05. There was no statistically significant difference between the groups. Group I: saline, Group II: remifentanil 0.5 ng/kg,

Group III: remifentanil 1.0 pg/kg.
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FIG. 1. Intubating condition of cisatracurium in Group I, II, III.
Group I: saline, Group II: remifentanil 0.5 ng/kg, Group III: re-
mifentanil 1.0 ug/kg. *p <0.005 compared with Group I.
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FIG. 2. Onset time of cisatracurium in Group I, II, ITI. Group I: sal-
ine, Group II: remifentanil 0.5 ug/kg, Group III: remifentanil 1.0
ug/kg. Statistical significance accepted when p <0.05. There was
no statistically significant difference between the groups.

TABLE 3. Assessment of intubating condition

Excellent Good Poor Impossible
(0-1) (2-3) (4-5) (6-9)
Group I (n) 0 0 6 14
Group II (n) 7 7 6 0
Group III (n) 8 11 1 0

Values are number of patient. Group I: saline, Group II: re-
mifentanil 0.5 pg/kg, Group III: remifentanil 1.0 ug/kg.

3. Hemodynamic changes to intubation

Hemodynamic changes within each group are shown in
Fig. 3 and Fig. 4. The mean blood pressure and heart rate
in all 3 groups decreased more than the baseline value just
before endotracheal intubation (p <0.05; Fig. 3, Fig. 4). The
mean blood pressure just before endotracheal intubation
in Groups II and III was significantly lower than that in
Group I (p<0.05). At 1 minute after endotracheal in-
tubation, the mean blood pressure eventually became ele-
vated in all 3 groups. The mean blood pressure in only

Hye Jin Jeong, et al

140 -
120
100
80

60

40 A

—o— Group | (n=20)

20 - —a— Group Il (n=20)

—a— Group Il (n=20)

0 T T T T 1
B 0 1 3

Time after intubation (minutes)

Mean blood pressure (mmHg)

FIG. 3. Changes in the mean blood pressure in Group I, II, III.
Groupl : saline, Group II: remifentanil 0.5 pg/kg, Group III : re-
mifentanil 1.0 ug/kg. B: baseline, 0: just before intubation, 1 and
3: 1 and 3 minutes after intubation. *p <0.05 compared with base-
line, Tp <0.05 compared with Group I, fp <0.005 compared with
Group L.
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FIG. 4. Changes in the heart ratein Group I, I, III. Group I: saline,
Group II: remifentanil 0.5 ug/kg, Group III: remifentanil 1.0
ug/kg. B: baseline, 0: just before intubation, 1 and 3: 1 and 3 mi-
nutes after intubation. *p <0.05 compared with baseline, Tp <0.05
compared with Group I, Tp <0.005 compared with Group I.

Group I rose more than the baseline value at 1 minute after
endotracheal intubation (p <0.05). In Groups II and III, the
mean blood pressure was not significantly different from
the baseline value. However, the mean blood pressure at
1 and 3 minutes after endotracheal intubation in Groups
IT and III was significantly lower than in Group I (p <0.05
or p<0.005).

The heart rate just before endotracheal intubation in
Groups II and IIT was significantly lower than that in
Group I (p<0.05). At 1 minute after endotracheal in-
tubation, the heart rate eventually became elevated in all
3 groups. The heart rate in only Group I rose more than the
baseline value at 1 and 3 minutes after endotracheal in-
tubation (p <0.05). In Groups I and III, the heart rate was
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not significantly different from the baseline value.
However, the heart rate at 1 and 3 minutes after endo-
tracheal intubation was significantly lower in Groups II
and III than in Group I (p<0.05 or p<0.005).

DISCUSSION

All patients were assessed for intubating condition, on-
set time, and hemodynamics. The overall onset time of cis-
atracurium did not differ significantly between the three
groups. However, the mean value of the intubating con-
dition after endotracheal intubation in Groups II and III
was significantly lower than that in Group I (p<0.005).
This finding suggested that supplementation with re-
mifentanil in the cisatracurium induction regimen im-
proved the quality of tracheal intubation in terms of respi-
ratory depressant and analgesic effects. However, the ac-
tion of remifentanil was not directly involved with muscu-
lar relaxation by the neuromuscular blocking agent.
Furthermore, hemodynamic changes in both heart rate
and mean blood pressure during anesthetic induction were
similar between the three groups. The mean blood pressure
and heart rate just before and after endotracheal in-
tubation in Groups II and III were significantly lower than
in Group I. This suggests that the use of remifentanil can
decrease cardiovascular responses and improve the hemo-
dynamic stability during endotracheal intubation.

A rapid sequence induction of anesthesia and endo-
tracheal intubation are indicated in emergency situations
in the presence of a full stomach or other conditions with
an increased risk of aspiration. Traditionally, succinylcho-
line has been the neuromuscular blocking drug of choice for
rapid sequence induction of anesthesia. However, as a re-
sult of its depolarizing effect, succinylcholine can have seri-
ous side effects and is contraindicated in many conditions.
Rocuronium has the most rapid onset of the currently avail-
able nondepolarizing neuromuscular blocking drugs.”
However, animal studies have suggested that rocuronium
is mostly metabolized in the liver and excreted through
bile, and less than 10% of the unchanged form after a bolus
administration is detected in cat urine in 24 hours.” The
duration of neuromuscular blockade of rocuronium at an
equipotent single dose may be prolonged and variable in
patients with liver and kidney failure.*** In this respect,
cisatracurium is metabolized by Hoffmann elimination to
laudanosine and is recommendable in patients with liver
and kidney failure. However, cisatracurium in a clinical
dose or method has a relatively long onset time, thus dis-
couraging rapid sequence induction.”**’

As mentioned earlier, the pharmacodynamic profile of
cisatracurium is similar to that of atracurium, except for
a reportedly slower onset.? Bluestein and colleagues® re-
ported that increasing the initial dose of cisatracurium
(from 0.1 to 0.15 and 0.2 mg/kg) decreased the mean time
of onset (from 4.6 to 3.4 and 2.8 minutes, respectively) and
increased the mean time of clinically effective duration (45
to 55 and 61 minutes, respectively). Doses of 0.15 mg/kg
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(3xEDg5) and 0.2 mg/kg (4xEDgs) of cisatracurium may pro-
duce generally good or excellent conditions of intubation in
2.0 and 1.5 minutes, respectively. The cisatracurium dose
of 0.15 mg/kg (3xEDys) is higher than the dose of atracu-
rium 0.5 mg/kg (2xEDgs) required to produce clinically ac-
ceptable intubation conditions after 120 s.*® Mandal®® con-
ducted a study to determine the minimum possible dose of
cisatracurium for achieving excellent to good intubating
conditions within 90 s of administration under general
anesthesia. They concluded that the minimum dose re-
quired to achieve excellent to good intubating conditions
with cisatracurium is 0.20 mg/kg at 90 s after admini-
stration. In accordance with these results, we can conclude
that at the low dose (3xEDgs) cisatracurium would not cre-
ate a superior onset time and intubating condition at 90 s
compared with other neuromuscular blocking agents.
Thus, this study was designed to compare the effect of sal-
ine and remifentanil administration on neuromuscular
blocking agent (onset time, intubating condition) and he-
modynamic responses by low-dose cisatracurium bolus in-
jection (3xEDys) at 90 s.

From a different point of view, remifentanil has unique
properties and undergoes rapid hydrolysis. It has a rapid
termination of action owing to hydrolysis by nonspecific tis-
sue esterases with a context-sensitive half-life of just over
3 min, allowing rapid return of spontaneous respiration.
Although the onset of effect is similar to that of alfentanil,
within 1 to 2 minutes, it has a shorter half-life and the time
to recovery is not greatly influenced by the dose.?’ Those
clinical properties make remifentanil the short-acting
opioid of choice for circumstances in which an intense
opioid effect of short duration is required.

Recent studies have suggested that short-acting opioids
such as alfentanil and remifentanil may provide adequate
conditions for laryngoscopy and endotracheal intubation
even if neuromuscular blocking agents are not used owing
to several properties of these opioids.'®"® In particular, re-
mifentanil has analgesic efficacy and a respiratory depres-
sant effect. When Stevens and Wheatley'’ used re-
mifentanil 2 pg/kg in combination with propofol 2 mg/kg,
excellent intubating conditions did not exceed 50%. In an-
other study, Klemola et al.*® reported that the admin-
istration of remifentanil 4 pg/kg with propofol 2.5 mg/kg
provided excellent intubating conditions in only 60% of
patients.'® Supplementing a propofol-opioid induction reg-
imen with a nondepolarizing agent improves the quality of
tracheal intubation and decreases postoperative hoar-
seness. Regarding the intubating conditions in our study,
it was estimated that use of remifentanil showed a statisti-
cally significant difference versus the use of saline with ex-
cellent endotracheal intubation conditions.

In addition to acceptable intubation conditions, the usu-
al increase in cardiovascular responses after tracheal in-
tubation was not observed when remifentanil was
provided. Cha et al.”® stated that remifentanil 0.5 ug/kg is
appropriate for suppressing the cardiovascular responses
to endotracheal intubation in adults when anesthesia is in-



duced by propofol 2 mg/kg or rocuronium 1 mg/kg. Lee et
al.** also reported that remifentanil 1 pg/kg is appropriate
when anesthesia is induced by sevoflurane 2 vol% and N2O
50% in adults. McAtamney et al.* reported that remifen-
tanil 1.0 pg/kg is the optimum dose in adults. Referentially,
a high dose of remifentanil provides excellent or sat-
isfactory intubating conditions with acceptable hemody-
namic responses in healthy patients with favorable airway
anatomy. However, the decrease in arterial pressure fol-
lowing remifentanil might not be well tolerated in less
healthy patients such as the elderly, compromised pa-
tients, or in patients with clinically significant car-
diovascular or cerebrovascular disease. Also, muscle ri-
gidity may be associated with rapid infusions of large doses
of potent opioids.*® Thus, the use of remifentanil can de-
crease such cardiovascular responses; the optimum dose of
remifentanil has been reported to be 0.5-1.0 pg/kg. Our re-
sults confirm better control of hemodynamic changes fol-
lowing intubation with 0.5-1.0 pg/kg of remifentanil com-
pared with saline. The absence of signs indicating
opioid-induced hypotension or muscular rigidity in our pa-
tients might be due to the rather low doses of remifentanil.
All things considered in our results, in terms of respiratory
depressant effects and analgesic efficacy, remifentanil is
regarded as being effective in providing acceptable in-
tubation conditions and in preventing the cardiovascular
responses to short-term harmful stimulations such as en-
dotracheal intubation and rapid sequence induction.

As a further note, the propofol that we used as the hyp-
notic agent in our study has a partial depressant effect on
pharyngeal and laryngeal muscles. McKeating et al.”’
found that when no neuromuscular blocking agent is given,
laryngoscopy is easier to perform after propofol than after
an equipotent dose of thiopentone, and that pharyngeal
and laryngeal activity are more depressed after admin-
istration of propofol than after thiopentone. Using a fiber-
optic laryngoscope, Barker et al.*® observed that vocal cords
adducted to a greater extent after induction of anesthesia
with thiopentone than with propofol. More recently,
Eames et al.*® revealed that respiratory resistance after
tracheal intubation was lower after induction with propo-
fol than after induction with thiopental or with high-dose
etomidate. In accordance with these results, we concluded
that pharyngeal and laryngeal activities were more de-
pressed after administration of propofol than another
hypnotic. The depressant effect of propofol may contribute
to improving the intubating condition.

There are some disadvantages and limitations in the
present study. This study was conducted in healthy young
patients. The actual response using pretreatment with re-
mifentanil before administration of cisatracurium might
be quite different in the elderly, compromised patients, or
those with clinically significant hepatic failure or renal dis-
ease, even though cisatracurium and remifentanil have su-
perior pharmacokinetics and pharmacodynamics in pa-
tients with hepatic failure or renal disease. The intubating
response might be remarkable and deteriorate, and the de-
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crease in arterial pressure might not be well tolerated in
those less healthy patients. In the future, the effects on in-
tubating responses in patients with hepatic failure or clin-
ical renal disease need to be investigated.

In conclusion, our report shows that supplementation
with remifentanil in an induction regimen with cis-
atracurium improves the quality of tracheal intubation
even though the onset time of cisatracurium is not
shortened. In addition to providing acceptable intubation
conditions, use of remifentanil helps to decrease such car-
diovascular responses. With pretreatment with remifen-
tanil before administration of cisatracurium, we were able
to reproduce the advantages of cisatracurium such as no
accumulation of metabolites.
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