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Abstract Rapacuronium bromide (rapacuronium; ORG-9487) isanondepolarising muscle

relaxant (NMBA) with alow potency [ 90% effectivedose (EDgg) 1 mg/kg], which
to some extent is responsible for its rapid onset of action. Because of the high
plasma clearance (5.3 to 11.1 mg/kg/min) of rapacuronium, its clinical duration
of action following single bolus doses up to 2 mg/kg in adults is short (i.e. <20
minutes). Rapacuronium forms a pharmacol ogically active 3-desacetyl metabo-
lite, ORG-9488, which may contribute to a delay in spontaneous recovery after
repeat bolus doses or infusions. After rapacuronium 1.5 mg/kg clinically accept-
able intubating conditions are achieved within 60 to 90 seconds in the majority
of adult and elderly patients undergoing el ective anaesthesia. However, in arapid-
sequence setting, intubating conditions are less favourable after rapacuronium 1.5
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to 2.5 mg/kg than after succinylcholine. The most prominent adverse effects of
rapacuronium (tachycardia, hypotension and bronchospasm) are dose-related,
and in particular pulmonary adverse effects are observed more frequently under
conditions of a rapid-sequence induction in adults. Therefore, it seems worth-
while to consider only doses of rapacuronium <1.5 mg/kg to facilitate rapid tra-
cheal intubation, and to use succinylcholine or rocuronium rather than
rapacuronium in arapid-sequence setting. Rapacuronium, however, isasuitable
alternative to mivacurium chloride (mivacurium) and succinylcholine for short
procedures (e.g. ambulatory anaesthesia).

Rocuronium bromide (rocuronium) is a relatively low-potent, intermediate-
acting NMBA. Its main advantage is the rapid onset of neuromuscular block
whereby good or excellent intubating conditions are achieved within 60 to 90
seconds after rocuronium 0.6 mg/kg (2 x EDgs), and within 60 to 180 seconds
after smaller doses (1 to 1.5 x EDgs). Larger doses of rocuronium (=1 mg/kg)
seem to be suitable for rapid-sequence induction under relatively light anaesthe-
sia. However, it is still a matter of controversy whether, in the case of an un-
anticipated difficult intubation, the long duration of rocuronium administered in
such large doses outweighs the many adverse effects of succinylcholine.
Rocuronium hasmild vagolytic effectsand does not rel ease histamine, even when
administered in large doses. Rocuronium is primarily eliminated viatheliver and
its pharmacokinetic profile is similar to that of vecuronium bromide (vecuron-
ium). Unlike vecuronium, rocuronium has no metabolite.

Cisatracurium besilate (cisatracurium), the 1R-cis, 1'R-cisisomer of atracur-
ium besilate (atracurium) is approximately 4 times more potent than atracurium.
Theonset timeof cisatracuriumissignificantly slower than after equipotent doses
of atracurium. The recommended intubating dose is 0.15 to 0.2 mg/kg (3 to 4
times EDgs). Over awide range of clinically relevant doses the recovery proper-
ties of cisatracurium are affected by neither the size of the bolus dose nor by the
duration of infusion. Unlike atracurium, cisatracurium does not trigger histamine
release. Like atracurium, cisatracurium undergoes Hofmann elimination. In con-
trast to atracurium, cisatracurium does not undergo hydrolysis by nonspecific
plasmaesterases. Moreover, about 77% of thedrug iscleared by organ-dependent
mechanisms.

The introduction of atracurium besilate (atra-
curium) and vecuronium bromide (vecuronium)
into anaesthetic practice in the early 1980s was a
milestone in the development of neuromuscular
blocking agents (NMBAS). They were the first non-
depolarising NMBAs with an intermediate dura-
tion of action, that is, duration 25% following twice
a 95% effective dose (EDgs) of 20 to 40 minutes,
and hence useful drugsfor relatively short surgical
procedures. The major advantage of atracurium
and vecuronium is a reduced incidence of residual
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neuromuscular block at the end of anaesthesia. Af-
ter the use of long-acting NMBASs, such as pancu-
ronium bromide (pancuronium) and d-tubocurarine
chloride (tubocuraine), the incidence of residual
neuromuscular block is approximately 40% com-
pared to about 5% after atracurium and vecuron-
ium.[22

A train-of-four (TOF) ratio of >0.7 at the thumb
has been considered to be a cut-off value at which
recovery of neuromuscular function isadequatefor
extubation of the trachea in the absence of an un-
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derlying disease.l¥l However, recent studiesin hu-
man volunteers indicate that a TOF ratio of >0.9
may be necessary for full recovery of pharyngeal
muscle function and for airway protection mecha-
nisms to be intact.[43]

Residual paralysis after pancuronium has been
identified as a significant risk factor for the devel-
opment of postoperative pulmonary complica-
tions.[®l In addition, the use of long-acting NMBAS
is associated with prolonged postoperative recov-
ery and may therefore result in higher costs than
the use of intermediate NMBAs.[”8] In the future,
the use of long-acting NMBASsin anaesthetic prac-
tice is therefore expected to further decline in fa-
vour of quantitative neuromuscular transmission
monitoring (e.g. acceleromyography) in order to
prevent residual neuromuscular block and possible
pulmonary complications.

The problem of residual paralysis and the ad-
verse effects of the depolarising NMBA succinyl-
choline have stimulated the search for short- and
intermediate-acting NMBAswith afast tointerme-
diate onset of action.[¥! Since 1994 three NMBAS,
the monoquaternary aminosteroids rocuronium
bromide (rocuronium) and rapacuronium bromide
(rapacuronium), and the benzylisoquinolinium dies-
ter cisatracurium besilate (cisatracurium), have
been introduced into clinical practice. Thisreview
compares these newer NMBASs with established
agents.

1. Rapacuronium Bromide

Rapacuronium, the 16-N-allyl 17-f-propionate
anal ogue of vecuronium, was approved for clinical
use in the US in 1999.129 |_ike rocuronium, rapa-
curonium (ORG-9487) is a monoquaternary amino-
steroidal NMBA with afast onset of action and is
considered to be apotential alternativeto succinyl-
cholineto facilitate endotracheal intubation within
1 minute.[911-15] When neostigmineis given 2 or 5
minutes after the recommended intubation dose of
rapacuronium 1.5 mg/kg for adults, or at 25%
twitch recovery, the time to a TOF ratio of 0.7 is
about 20 minutesin adults.['629 Thisrecovery rate
isfaster than with currently avail ableintermediate-

0 Adis International Limited. All rights reserved.

acting NMBAs.[2% For patients undergoing a Cae-
sarean section and children (aged 1 month to 12
years) rapacuronium 2.5 and 2.0 mg/kg, respec-
tively, is recommended for tracheal intubation.!19

1.1 Neuromuscular Effects

1.1.1 Potency and Onset of Block

Rapacuronium is a neuromuscular blocking
agent of low potency, which is consistent with its
rapid onset of action (maximum twitch depression
at approximately 1 to 1.6 minutes after the admin-
istration of adose of 1.5 mg/kg).[12-14.21]

In the 1994 article by Wierda et al.,[22 a 90%
effective dose (EDg) for free base of the drug of
1.01 mg/kg (= bromide salt 1.15 mg/kg) was re-
ported. A similar value may be estimated from the
data of amodelling study done by Schiereet al .[23]
In contrast, Kopman et al.[24] found EDgs val ues of
0.75 [standard deviation (SD) 0.16] mg/kg using a
single dose technique in female patients. Thereis,
however, some evidence that muscle relaxants are
more potent on a milligram per kilogram basis in
women than in men.[29] Thus rapacuronium may be
considered to be 2.5 to 3 times less potent than
rocuronium. The EDs, for adults, elderly patients
(=65 years) and infants (1 month to <1 year) is ap-
proximately 0.3mg/kg, for paediatric patients (1 to
12 year) the EDsg is 0.4 mg/kg.[10.22.24.26]

The onset of action of rapacuronium is faster at
thelaryngeal adductor musclesthan at the adductor
pollicis muscle.[1227] The laryngeal muscles resist
the action of rapacuronium. In one study complete
block was not attained even after a dose of 2
mg/kg.l12 In another study, however, similar sen-
sitivities in both muscles were reported.[27]

1.1.2 Duration of Block

Depending on the dose, rapacuronium has a
short to intermediate duration of action.[®! Clinical
duration (time from end of injection to recovery of
twitch response to 25% of baseline) is 10.2 to 19
minutes using a dose of 1.5 mg/kg versus 25 min-
utes using a dose of 2.5 mg/kg in adults.[12-14.28-30]

The clinical duration of rapacuronium 1.5
mg/kg is shorter than that of mivacurium chloride
(mivacurium) 0.25 mg/kg (15.4 vs 21 minutes),[13!

Drugs 2001; 61 (7)



922

Sparr et al.

rocuronium 0.45 or 0.6 mg/kg (16.5vs27.2 or 38.1
minutes)(3Y or vecuronium 0.07 mg/kg (10.7 vs
28.8 minutes).[23] The shorter duration of action af-
ter an intubating dose of rapacuronium compared
with rocuronium and vecuronium seems primarily
to be due to a higher rate of (initial) plasma clear-
ance.[3233] The recovery index of rapacuronium is
similar to that of atracurium and vecuronium.

In patients with end-stage renal failureand liver
cirrhosis (Child Pugh score 7 to 10), the clinica
duration of a single dose of rapacuronium 1.5
mg/kg is not prolonged.[14:39 Clinical duration and
timeto aTOF ratio of 0.7 did not significantly dif-
fer between elderly patients and adults.[?? In in-
fants and children, however, recovery from the
same doses of rapacuronium seemed to be about 2
to 2.5 times faster than in adults (table 1).[29.34

1.1.3 Early Versus Late Reversal of Block
In the cat, the administration of neostigmine 1

minute after a rapacuronium dose of 3 x EDgg Sig-
nificantly decreased reversal times.!®®! This con-
cept of early reversal was also successful in aphase
Il clinical study using rapacuronium 1.3 mg/kg in
which the time to a TOF ratio of 0.20 (where dia-
phragmatic breathing is expected to be reasonably
restored,[3¢ for example, in the case of an unex-
pectedly difficult intubation) was significantly
shortened by early reversal compared with sponta-
neous recovery (mean time = 6.6 vs 12.0 min-
utes).[*3] |n addition, the time to 90% twitch recov-
ery did not differ between patients receiving
rapacuronium 1.3 mg/kg reversed with neostigmine
after 2 minutes and those receiving succinylchol-
ine (mean time = 10.6 vs 11.6 minutes).[13

Table I. Spontaneous recovery from neuromuscular block following a single, intravenous dose of rapacuronium bromide. All times are from
end of drug administration and all end-point values are means. Anaesthesia was induced with thiopental alonel®¥, or supplemented by
fentanyl.2% In the study with paediatric patients, time to reappearance of T3 was determined by acceleromyography as an estimation of clinical
duration.®* Values for children presented in the table are weighted means calculated from raw data from the study of Meakin et al.[*¥ generously

provided by Dr. Meakin upon request.

Maintenance of
anaesthesia

Reference Population

Dose (mg/kg)  Spontaneous recovery (min)

Time to TOF ratio = 0.7

Clinical duration

Kahwaiji et al.[?%] Adults (<65 yr) Propofol, N2O,

fentanyl

Elderly
(>65yr)

Meakin et al. 34 Infants (<1 yr) N0, alfentanil

Children
(1-12yr)

0.5 6 12
1.0 11 26
15 14 30
2.0 18 45
2.5 25 57
0.5 10 20
1.0 13 32
15 17 36
2.0 23 56
2.5 33 70
0.5 2.9 6.3
1.0 6.5 11.9
15 8.9 16.8
2.0 10.5 20.9
1.0 4.8 10.7
15 7.2 155
2.0 8.3 17.2
2.5 10.3 22.2

T3 = reappearance of the third response to TOF stimulation; TOF = train of four ratio at the thumb.

0 Adis International Limited. All rights reserved.
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Thisoriginal concept of early or escapereversa
of small doses of rapacuronium (<1.5 x EDg) is
based on 2 considerations: (i) the reduction of the
gap between the very short duration of action of
succinylcholine (<8 minutes) and the short dura-
tion of action of rapacuronium; and (ii) the time
from administration of neostigmine until its peak
effect (i.e. 10 minutes).

More recent publications have focused on the
influence of the timing of administration of neo-
stigmine on the recovery from neuromuscular
block. After rapacuronium 1.5 or 2.0 mg/kg, the
time until reaching a TOF ratio of 0.7 or 0.8 did
not differ whether neostigminewas given at 2 min-
utes or at 25% recovery of thefirst response of the
TOF (T1),[15-18 whereas the time to 25% and 75%
twitch recovery was shortened by about 50% by
early reversal .[6.17 These studies arein agreement
with the prediction of computer simulations with
rocuronium and rapacuronium showing that early
reversal will not shorten the time until recovery to
aTOF ratio >0.7.[1537]

Aswith rapacuronium, neostigminemay also be
administered as soon asthereisno further need for
relaxation after small doses (1.5 x EDgs) of
rocuronium and vecuronium in adults and chil-
dren, as the times to a TOF ratio of 0.7 will be
similar whether neostigmine is given early during
intense block or later when recovery iswell estab-
lished.[38] However, thetimesto a TOF ratio of 0.7
are considerably longer with rocuronium or vecu-
ronium 1.5 x EDgs thanwith rapacuronium 1.5 mg/kg
in adults (27.6 or 27.2 vs 18.1 minutes).[19:38]

In general, recovery times after rapacuronium
1.3to 2.5 mg/kg are shortened by about 50% using
reversal with neostigminel151819 After rapa-
curonium 1.5 mg/kg, thetimeto 25% twitch recov-
ery decreased from amean of 16 minutesin control
patients allowed to recover spontaneously to mean
values of 8 to 10 minutesin patients given neostig-
mine 0.05 or 0.07 mg/kg at 2 or 5 minutes, respec-
tively; the time to a TOF ratio of 0.7 decreased
from 38 minutesto 17 to 19 minutes.[1% Recovery
times were not different among the groups that re-
ceived different dosesand timing of administration

0 Adis International Limited. All rights reserved.
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Fig. 1. Concept of early reversal. Spontaneous and neostigmine-
induced (50 %g/kg at 2 or 5 minutes) recovery from neuromus-
cular block induced by rapacuronium bromide 1.5 (RAP 1.5) or
2.5 mg/kg (RAP 2.5).119

of neostigminel?®! (fig. 1). After an initial dose of
rapacuronium 1.5 mg/kg followed by maintenance
doses of 0.5 mg/kg, thetime to a TOF ratio of 0.7
was shorter after neostigmine 0.05 mg/kg (given 2
minutes after the final dose of rapacuronium) than
after edrophonium 1 mg/kg [19.8 (SD 6.3) vs 35.1
(SD 11.4) minutes].[39

1. 1.4 Cumulative Effects

In contrast to the fast recovery after a single
intubating dose of rapacuronium, the administra-
tion of rapacuronium by repeat bolus doses or in-
fusion was associated with slow spontaneous re-
covery.[3240 After aninitial dose of rapacuronium
1.5 mg/kg followed by three maintenance doses
(0.5 mg/kg) the recovery time (T1-25% to TOF
0.8) was 72.4 (SD 16.5) minutes, which wasshort-
ened by neostigmine reversal (0.05 mg/kg) to 9.9
(SD 4.5) minutes.[*d After a1-hour infusion, rapa-
curonium changed its time course characteristics
gradually from that of ashort-acting NMBA to that
of amusclerelaxant with an intermediate duration.
The spontaneous recovery from atwitch height of
25% to a TOF ratio of 0.7 was 32.5 minutes after
a 1-hour infusion of rapacuronium (mean block of
83%) compared with 16.1 minutes after a single
intubation dose of 1.3 mg/kg.[1532

These cumulative properties of rapacuronium
are in part due to the action of its 3-desacetyl me-

Drugs 2001; 61 (7)
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tabolite.[% This metabolite, however, hasnoinflu-
ence upon the duration of action after asingle dose
of rapacuronium.33!

1.1.5 Intubating Condifions Provided

In a phase Il clinical study, intubating condi-
tions 60 seconds after the administration of rapa-
curonium 1.3 mg/kg were similar to those after
succinylcholine 1 mg/kg.[*3! However, intubation
was performed about 5 to 10 minutes after induc-
tion of anaesthesia, that is, under conditions that
are quite different from the clinical practice of
rapid-sequence induction.[1%!

In pharmacodynamic studies of neuromuscular
blocking agents, intubating conditions are now
most frequently evaluated according to the guide-
lines for good clinical research practice.[*!] These
guidelines were used in 4 intubating studies with
rapacuroniuml42-43 and a comparable scoring sys-
tem was applied in 2 other studies.[2234 Good and
excellent intubating conditions are considered to
be clinically acceptable.l[4!]

Intfubating Conditions in Elective Cases

A range of different doses of rapacuronium has
been evaluated for rapid tracheal intubation in
paediatric, adult and elderly patients undergoing
elective surgery.[29344244] |n g| of these studies
neuromuscular monitoring was applied in an un-
calibrated fashion[34 or using only ashort stabilisa-
tion period (i.e. less than 3 minutes).[294244] These
studies may therefore be considered to reflect the
normal clinical practice of administering an
NMBA soon after induction of anaesthesia.

Fleming et al.[*4 reported clinically acceptable
(good or excellent) intubating conditionsin 87% of
patients with rapacuronium 1.5 mg/kg and in 95%
of patients with succinylcholine 60 seconds after
induction of anaesthesia with fentanyl and pro-
pofol (p < 0.05). In contrast, at 60 seconds, Kaw-
haji et al. observed acceptable intubating condi-
tions only in 68% of adult patients given
rapacuronium 1.5 mg/kg compared with 90 and
100% of patients after doses of 2.0and 2.5
mg/kg.[29 In the elderly, however, the 1.5 mg/kg
dose provided clinically acceptableintubating con-
ditions in 100% at 60 seconds.?? In asmall study

0 Adis International Limited. All rights reserved.

with patients undergoing elective Caesarean sec-
tion, intubating conditions after rapacuronium 2.5
mg/kg were similar to those after succinylcholine
1.5mg/kg.l*d Inchildren (1 to 12 years) intubating
conditionsat 60 secondswereclinically acceptable
after rapacuronium doses of 2.0 mg/kg or more,
and in infants (<1 year) after doses of 1.5 mg/kg or
more.[34

Intubating Conditions During a
Rapid-Sequence Induction (RSI)

Rapacuronium at doses of 1.5, 2.0 and 2.5
mg/kg has been evaluated for usein rapid sequence
induction (RSI) in 2 large multi-centre studies (335
and 600 patients, respectively).[4343 The overall
frequency of acceptable (good and excellent) intu-
bating conditions was 89.4% after rapacuronium
1.5 mg/kg and 97.4% after succinylcholine 1
mg/kg (p < 0.001). Neither anaesthetic technique
(thiopental and fentanyl vs propofol and alfentanil)
nor patient group (obese patients vs normal-wei ght
patients) had an influence on intubating condi-
tions.[9]

On the basis of the results of that study,!3
rapacuronium 2.0 or 2.5 mg/kg was compared to
succinylcholine 1 mg/kg during RSI with thiopen-
tal and fentanyl.[43l As equivalence was not ex-
pected, this study was designed to prove that
rapacuronium is not inferior to a standard dose of
succinylcholine.3 Intubating conditions were
clinically acceptablein 91.8% of patientsreceiving
succinylcholine, andin 84.1 and 87.6% of patients
receiving rapacuronium 2.0 and 2.5 mg/kg, respec-
tively. The estimated difference [and the upper
limit of the one-sided 97.5% confidence interval
(CI)] between succinylcholine and rapacuronium
2.0 mg/kg was 7.8 (14.4) %, and that between
succinylcholine and rapacuronium 2.5 mg/kg was
4.0 (10.2) %, that is, the upper limit of the one-
sided CI exceeded the predefined 10% difference
in both cases. Hence, non-inferiority could not be
proven for rapacuronium 2.0 and 2.5 mg/kg when
compared with succinylcholine.*3! However, the
incidence of adverse effectswith rapacuroniumin-
creased in a dose-related manner, which may limit
the use of rapacuronium for RSI. In particular, the

Drugs 2001; 61 (7)



New Muscle Relaxants Compared with Established Agents

925

incidence of pulmonary adverse effects (mainly
short-lasting bronchospasm) of 18.5% after rapa-
curonium 2.5 mg/kg may be considered unaccept-
able.[43

1.2 Adverse Effects

1.2.1 Cardiovascular

Rapacuronium was shown to cause a moderate
decrease in blood pressure and a concomitant in-
creasein heart ratein animalsand, in an early clin-
ical study, in humans.?23% |n contrast to rapa-
curonium, vecuronium has no and rocuronium
only mild, cardiovascular adverse effects. Thereis
evidencethat the rate of cardiovascular adverse ef-
fects of aminosteroidal NMDAsincreases with de-
creasing potency because of vagolytic effects, cal-
cium channel blocking properties and probably
non-immunological histamine rel ease.[35:46:47]

In cats, theratio between the rapacuronium dose
required for vagal and that for neuromuscular
block was approximately 3, whichismarkedly less
than that for vecuronium and similar to that for
pancuronium.t3® |n contrast to pancuronium, how-
ever, rapacuronium does not inhibit noradrenaline
re-uptake,[%°! but may increase the release of nor-
epinephrine from cardiac tissue by antagonistic ac-
tion at cardiac M, muscarinic receptors.[“8l The di-
rect vasodilator action of rapacuronium is 20 to 50
times greater than that of vecuronium.[35471 This
action may induce arterial hypotension, but it may
also increase blood flow to skeletal muscle and
contributeto therapid onset of action of rapacuron-
ium. Rapacuronium 2 to 3 mg/kg led to anincrease
in plasma histamine levels (=1.0 pug/L).[*9 How-
ever, changes in heart rate and blood pressure fol -
lowing rapid (i.e. within 5 seconds) injection of
rapacuronium 1 to 3 mg/kg did not correlate with
plasma histamine levels.[#9]

The cardiovascular adverse effects of rapa-
curonium have been studied under conditions of a
constant plane of anaesthesiawithout any stimula-
tion as well as during rapid-seguence induction.

During isoflurane nitrous oxide anaesthesia
without any noxious stimuli, heart rate increased
to an average of 10, 15 and 18% above baseline

0 Adis International Limited. All rights reserved.

after rapacuronium 1.0, 2.0 and 3.0 mg/kg, respec-
tively, in American Society of Anesthesiologists
(ASA) class| and |1 patients. Systolic and diastolic
blood pressure decreased by 9 and 19%, respec-
tively, after rapacuronium 3.0 mg/kg.[5% More pro-
nounced haemodynamic changes may be expected
in patients with cardiovascular disease. McCourt
et al.[5l studied the haemodynamic effects of
rapacuronium 1.5 mg/kg in 56 patients with good
|eft ventricular function, who underwent coronary
artery bypass graft or valve replacement surgery,
using a fentanyl-based anaesthetic technique. Rapa-
curonium was associated with a significant in-
creasein heart rate (17%) and cardiac index (15%)
as well as a significant decrease in mean arterial
blood pressure (MAP; 11%) and systemic vascular
resistance (18%), whereas vecuronium 0.1 mg/kg
and placebo were associated with significant de-
creases in heart rate only.

The heart rate and blood pressure responses to
intubation following a rapid-sequence induction
are determined by several factors. Laryngoscopy
and tracheal intubation are strong noxious stimuli.
In addition, the sympathoadrenal response to intu-
bation is influenced by the anaesthetic technique
used for induction (premedication, choice and dose
of intravenous anaesthetic and opioid, time point
of administration, choice and dose of the NMBA).

After RSI, the maximum increase in heart rate
was higher after rapacuronium 1.5, 2.0or 2.5
mg/kg than after succinylcholine 1.0 mg/kg (fig.
2).[4349] |n patients who were given rapacuronium
1.5 mg/kg, heart rate increased by an average of
11% after induction with alfentanil and propofol,
and by an average of 36% after induction with fen-
tanyl plus thiopental .[43] The increase in heart rate
after rapacuronium during tracheal intubation
seems to be dose-dependent. Significant increases
in heart rate (i.e. >30% vs baseline) were observed
more commonly after rapacuronium 2.5 mg/kg
than after rapacuronium 1.5 mg/kg, succinylchol-
ine or mivacurium (26 vs <10%).133! In patients
scheduled for elective Caesarean section the max-
imum increase in heart rate following intubation

Drugs 2001; 61 (7)
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Fig. 2. Percent changes compared to baseline in (a) mean arte-
rial pressure and (b) heart rate during rapid-sequence induction
with rapacuronium (RAP) 2.0 and 2.5 mg/kg, or succinylcholine
(SUC) 1.0 mg/kg. Intubation was performed 1 minute after re-
laxant administration. Both parameters responded significantly
diferently after succinylcholine compared to both doses of
rapacuronium (ANOVA for repeated meausrements; p < 0.01 for
the interaction term between treatment group and time of as-
sessment).[43]
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was 48% with rapacuronium 2.5 mg/kg compared
with 19% with succinylcholine 1.5 mg/kg.[42

1.2.2 Pulmonary

The overall incidence of bronchospasm was
3.4% in 1956 patients treated with rapacuron-
ium.[2% However, ahigher incidence of pulmonary
adverse effects (bronchospasm or transient in-
crease in airway pressure during controlled venti-
|ation without wheezing on auscultation) has been
observed after administration of rapacuronium un-
der conditions of aRSI. Pulmonary adverse effects
were observed in 10.7, 13 and 18.5% of patients
after rapacuronium 1.5, 2.0 and 2.5 mg/kg, respec-
tively, and in 3.5 to 4.1% of patients after
succinylcholine.[43:45]

There issome evidence that bronchospasm after
rapacuronium occurs more frequently in patients
with a history of bronchial hyperreactivity and/or
smoking.[“?! The occurrence of bronchospasm did
not significantly correlatewith increased histamine
levels after large doses of rapacuronium.[4?! How-
ever, aselectiveinhibition of M, muscarinic recep-
tors of the smooth muscles of airways might be
responsible for short-lasting bronchospasm after
administration of rapacuronium.[52 In addition,
tracheal intubation ismore likely to trigger abron-
chospasm than insertion of alaryngeal mask.[53!

1.3 Pharmacokinetics and
Pharmacokinetic/Pharmacodynamic
Relationship

The pharmacokinetics of rapacuronium have
been studied using the classical kinetic analy-
§ig22:30.32.33] gnd the population analysis (NON-
MEM).[24.39.54] \With one exception,3¥ all these
pharmacokinetic studies available revealed a high
plasma clearance ranging from 5.3 to 11.1
ml/kg/min, which is higher than that of other
NMBAs except mivacurium.[35-58 The volume of
distribution at steady state ranges from 193 to 457
mi/kg, and the mean residence time (MRT) be-
tween 28 and 58 minutes.[1422.30.3254] | n contrast to
these results, Millg39 reported lower values for
clearance (4.4 and 2.7 ml/kg/min in males and fe-
males, respectively), and a very large volume of
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distribution (V3 was 9900 ml/kg). The MRT calcu-
lated from these values would approximate 2500
minutes. The authors did not discuss their results
in the light of previous pharmacokinetic studies of
rapacuronium.[3® Because of the relatively short
sampling period (i.e. 4 samples between 120 and
360 minutes) and the lack of concentration-time
data, afinal conclusion cannot be drawn.

Rapacuronium is mainly eliminated by the
liver. Thefraction of agiven dose of rapacuronium
recovered from the urine of patients with normal
renal function was 6.2 to 22%.[142233 The 3-des-
acetyl metabolite, ORG-9488, is the primary me-
tabolite of rapacuronium. The potency of ORG-
9488 was estimated to be 2.5 times greater than
that of rapacuronium [modelled concentration in
the biophase at 50% effect (ECsp) 1.83 vs 4.7
pg/mi].[33 Compared to its parent compound, a
higher proportion of a given dose of ORG-9488
was recovered from urine (6.2 vs 51.9or
53.5%).133 The clearance of ORG-9488 is mark-
edly lower than that of rapacuroniumin adultswith
normal renal function (7.28 vs 1.28or 1.06
ml/kg/min), and it is 85% lower in patients with
renal failure compared with healthy volun-
teers.[1433 The lower clearance of ORG-9488 may
gradually prolong the duration of action during
maintenance with rapacuronium, particularly in
patients with renal failure.[4!

The rate constant of transport between the
plasma and the biophase (keo) Of rapacuronium is
higher than that of rocuronium and vecuronium at
the adductor pollicis muscle (0.405 or 0.449 vs
0.17 and 0.12 min'1),[27:3359.60] |n addition, the key
of rapacuronium islarger at thelaryngeal adductor
muscles than at the adductor pollicis muscle.[27] A
larger keo indicates a more rapid establishment of
effect, that is, neuromuscular block.

1.4 Clinical Use

Rapacuronium 1.5mg/kg is a short-acting non-
depolarising NMBA that provides clinically ac-
ceptabl e intubating conditionswithin 60 to 90 sec-
ondsin themagjority of adult patients. The duration
of action of rapacuronium can be shortened by

0 Adis International Limited. All rights reserved.

about 50% by the administration of an anticholin-
esterase, whereas the time until a TOF ratio of
>0.70 isreached does not depend on whether rapa-
curonium is reversed early (i.e. at 2 or 5 minutes)
or at 25% recovery of thefirst response of the TOF
(T1).

Under conditions of elective anaesthesiathe use
of rapacuronium isassociated with alow incidence
of adverse effects (tachycardia 3.2%, mild hypoten-
sion 5.2%, and transient bronchospasm 3.2%).110611
The adverse effects are considered to be dose-re-
lated, and, in particular, pulmonary adverse effects
were observed more frequently (in 10.7 to 18.5%
of patientsafter rapacuronium 1.5to 2.5mg/kg) un-
der the conditions of rapid-sequence induc-
tion.[43.4%]

The short duration of action of rapacuronium
results from itsrapid initial clearance, whereasthe
fast termination of action of succinylcholine and
mivacurium is dependent on a normal function of
pseudocholinesterase. Therefore, rapacuronium
1.5 mg/kg in adult and elderly patients and
rapacuronium 2.0 to 2.5 mg/kg in paediatric pa-
tients is a suitable alternative to mivacurium and
succinylcholine for short surgical procedures (<30
minutes), particularly in ambulatory anaesthesia.
In a rapid-sequence setting, however, succinyl-
choline or rocuronium rather than rapacuronium
should be considered as the preferred NMBA.

(See Addendum at end of article)

2. Rocuronium Bromide

Rocuronium (ORG-9426), isamonoquaternary
aminosteroidal NMBA. Rocuronium differs struc-
turally from vecuronium in 4 positions, that is, it
has a 2f3-morpholino group, a 3a-hydroxy group
and a 16-pyrrolidino function attached to a 16-N-
alyl group. Except for the rapid onset of neuro-
muscular block, the pharmacodynamics of rocuro-
nium =1.0 mg/kg resemble those of vecuronium.
The rapid onset makes rocuronium a candidate for
RSI in nonfasted patients. Rocuronium is supplied
in agueous solution nd it isincompatible with thio-
pental and may precipitate in an intravenous line.
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2.1 Neuromuscular Effects

2.1.1 Potency and Onset of Block

Rocuronium is a neuromuscular blocking agent
with a relatively low potency, that is, approxi-
mately one sixth that of vecuronium. The single
bolus dose of rocuronium producing a 95% neuro-
muscular block at the adductor pollicis (EDgs) is
approximately 0.3 mg/kg in adults6265 and 0.35
to 0.4 mg/kg in children.[6667] After doses of 0.6
mg/kg (2 x EDgs), maximal block at the thumb oc-
cursalready within 1 to 2 minutes.[11.64.6869] At the
adductor pollicis muscle the onset of block after
rocuronium is about 2.5 times faster than after an
equipotent dose of vecuronium and atracurium.[70
Similar to vecuronium, the onset of action of small
doses of rocuronium (0.4 and 0.5 mg/kg) at the
laryngeal adductor musclesisfaster than at the ad-
ductor pollicis muscle, but the block is less in-
tense.[7272 However, even after the administration
of higher doses of rocuronium (0.8 and 1.2 mg/kg),
the onset of action at the laryngea adductor mus-
clesisslower than after succinylcholine (96 and 54
vs 34 seconds).[7Y In a recent study, no difference
in the onset times of rocuronium at laryngeal com-
pared to peripheral muscles could be demon-
strated.[73] A high dose of vecuronium (0.3 to 0.4
mg/Kg, i.e. 6t0 8x EDgs)! 475! resultsin onset times
similar to those of a2 x EDg5 dose of rocuronium,
but such onset times are obtained at the cost of a
much longer duration of action (208 and 40 min-
utes for vecuronium and rocuronium, respec-
tively).[74.79]

2.1.2 Duration of Block

After spontaneous recovery, the mean clinica
duration, mean recovery index and mean recovery
to TOF 0.7 of rocuronium 0.6 mg/kg are 24 to 43,
9t0 14, and 47 to 72 minutes, respectively.[64.76-80]
The duration of equipotent doses (1.5t0 2 x EDgs)
of rocuronium and vecuroniumissimilar.[388% The
mean infusion rate for maintenance of a 95% neu-
romuscular block was 10 and 6 pug/kg/min during
intravenous and inhalational anaesthesia, respec-
tively.[81-84] The recovery index after an infusion
of rocuronium under intravenous anaesthesia aver-
aged 20 minutes, 83 whereas it was 26 minutes af-
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ter a2-hour infusion of vecuronium under asimilar
anaesthesia. During surgery, a neuromuscular block
maintained with rocuronium appearsto have little
advantage over one maintai ned with vecuronium.[83!

The duration of block of an equipotent single
dose of rocuronium may be longer and more vari-
able in patients with liver and kidney failure and
elderly patients when compared to adults/85-88] and
in infants when compared to children.[67]

2.1.3 Reversal of a Block

A rocuronium-induced neuromuscular block
can be antagonised safely and rapidly using neo-
stigmine 0.035 mg/kg at recovery of T1 = 10% or
greater, although reversal may be slightly more
rapid when carried out at a T1 = 25%.89 Using
neostigmine 0.07 mg/kg, it has been suggested that
reversal of an intense rocuronium- or vecuronium-
induced block does not have to be delayed until
return of appreciable neuromuscular function has
been demonstrated. After the same dose of neostig-
mine, the rate of recovery of neuromuscular func-
tion was similar for rocuronium and vecuron-
ium. 38l

2.1.4 Cumulative Effects

The clinical duration of the first maintenance
doses of rocuronium 0.1, 0.15 and 0.2 mg/kg ad-
ministered upon return of T1 to 25% of control
were11.0+1.0,18.3+ 1.6 and 28.1 £+ 6.3 minutes,
respectively (mean + SEM).[162 |n the case of re-
peated administration, there was no significant in-
crease in the clinical duration of successive doses.
After an initial dose of rocuronium 0.6mg/kg, no
overt cumulative effects were observed after up to
6 dosesof 0.225 mg/kg.[® In contrast, theduration
of vecuronium (0.04 mg/kg, 0.8 x EDgs) was 39%
longer after the fourth than after the first mainte-
nance dose.[®Y In patients in intensive care units
(ICUs), effect-controlled administration of rocuro-
nium (median duration 39 hours, total dose
938mg) resulted in moderately prolonged recovery
compared with surgical patients. Interindividual
and time-related differences in the dose require-
ment for rocuronium in these patients make the use
of neuromuscular monitoring mandatory.[92
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2.1.5 Intubating Conditions Provided

Intubating Conditions in Elective Cases

Theintubating conditions provided by rocuron-
ium have been assessed in alarge number of stud-
ies. Under conditions of elective anaesthesia and
using various anaesthetic techniques, rocuronium
0.6 mg/kg facilitated tracheal intubation under
good or excellent conditions within 60 to 90 sec-
onds in most adult(1.68.93-97 gnd paediatric pa-
tients.[98-190] | ower doses of rocuronium (0.03 to
1.5 x EDgs) allow tracheal intubation under clini-

cally acceptable conditions within 60 to 180 sec-

Intubating Conditions During a RSI

Because of itsrapid onset of action, rocuronium
has been considered to be a suitable alternative to
succinylcholine for rapid tracheal intubation in
elective and in emergency cases, although even at
large dosesitsonset of action at the laryngeal mus-
cles is slower than that of succinylcholine.l”™
Therefore, with rocuronium 0.6 mg/kg, an appro-
priate anaesthetic technique, in particular the use
of opioids, may be essential in order to achieve
smooth intubating conditions within 60 seconds at
asimilar frequency to that with succinylcholine.[%!
When anaesthesiais induced with thiopental alone
in unpremedicated adult patients, intubating con-
ditions produced by rocuronium 0.6 mg/kg arein
fact less favourable than those produced by
succinylcholine.[1%%] |n addition, there is good ev-
idence that satisfactory intubating conditions after
rocuronium 0.6 mg/kg can be achieved faster after
propofol or ketamine than after thiopental or
etomidate,[106-109] glthough others found that the
intravenous anaesthetic had no influence of onin-
tubating conditions.®! After rocuronium 0.6
mg/kg satisfactory intubating conditionsin 90% of
patients can be expected within 61 and 101 sec-
onds using propofol 2.5 mg/kg and thiopental 5
mg/kg, respectively (fig. 3).[107

Even so, the majority of anaesthesiologists do
not seem to use opioids (not even in small doses)
aspart of RSI (97% according to arecent question-
naireinthe UK).[119 | nthe case of arelatively light
anaesthesia, larger doses of rocuronium may be
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necessary in order to produce smooth intubating
conditionswithin 60 seconds. Rocuronium =1 mg/
kg should be administered to facilitate tracheal in-
tubation in aRSI setting, that is, using arelatively
light anaesthesia with no or only low doses of an
opioid (e.g. fentanyl 1 to 2 pg/kg) in adultg/111-117]
and in children.[128] |n 2 recent studies a prob-
ability-based approach was used to predict doses
of rocuronium giving 90% and 95% probability of
successful intubation within 60 seconds.[115116 |n
the study by Kirkegaard-Nielsen et al.,[118] patients
were premedicated with intravenous midazolam
2mg, and anaesthesia was induced with fentanyl 2
po/kg and propofol 2 mg/kg followed randomly by
rocuronium 0.0, 0.4, 0.8 or 1.2 mg/kg. The dose
versus fraction of patients with successful intuba-
tion was analysed by logistic regression. In that
study, rocuronium 1.04 (95% confidence limits
0.76 to 1.36) mg/kg was defined as the dose that
provides a 95% probability of intubation under
perfect or acceptable conditions at 60 seconds.[11€]
Heier et al.['19] calculated that a dose of 2 mg/kg
of rocuronium results in a 90% probability of
achieving perfect intubating conditions winthin 60
seconds following induction of anaesthesia with
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Fig. 3. The number of patients with satisfactory (good and ex-
cellent) intubating conditions after rapid sequence induction of
anaesthesia with either propofol 2.5 mg/kg or thiopental 5 mg/kg
and rocuronium bromide 0.6 mg/kg in patients undergoing elec-
tive surgery. Fentanyl 1 %g/kg was administered 3 minutes be-
fore induction (reproduced from Dobson et al.,}07l with
permission).
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thiopental 4 mg/kg and alfentanil 10 pg/kg.[11°!
Doses of rocuronium up to 2 mg/kg were adminis-
tered in that study without significant cardiovascu-
lar adverse effects.!115] Doses of rocuronium up to
2 mg/kg were administered that study without sig-
nificant cardiovascular adverse effects.[11% Intu-
bating conditions provided by rocuronium in non-
fasted patients in emergency situations have been
evaluated in only a small number of studies so far
(table 11).[111.118-121]

Whether rocuronium can replace succinylchol-
inein RSI is amatter of debate, which focuses on
the long duration of the required rocuronium
dose.[114122-125] The main argument in favour of
succinylcholine isits shorter duration in the situa-
tion of unanticipated difficult intubation, whereas
the main argument in favour of rocuronium is the
avoidance of the many adverse effects of succinyl-
choline. But even the very short duration of action
of succinylcholine may be too long to prevent de-
saturation in a ‘ cannot-ventilate, cannot intubate’
situation,[*26! and immediate airway management,
for example, insertion of alaryngeal mask airway,
will be mandatory to save the patient’slife. There-

fore, it has been suggested that the issue of safe
conduct for induction of anaesthesia in a patient
with an increased risk of pulmonary aspiration
should not only be a discussion of rocuronium vs
succinylcholine. In each individual patient, it isup
to the anaesthesiol ogist to judge which of the alter-
natives represents the safest method.[124

2.2 Adverse Effects

2.2.1 Cardiovascular

In general, rocuronium has minimal cardiovas-
cular effects.[*271 The autonomic margin of safety
for vagal blockade is 5 for rocuronium and 41 for
vecuronium, and for ganglion block it is 89 and
>100, respectively.[128] A clinically significant car-
diovascular effect was not observed after doses up
to 1.2 mg/kg.[129-1321 After RSI with thiopental
alone changesin heart rate and blood pressurewere
not related to rocuronium 0.4 to 2.0 mg/kg.[119]
Rocuronium 2 x EDgs administered to patients par-
alysed with vecuronium resulted in a limited in-
creasein heart rate from 67 to 72 beats/min, which
ismost probably dueto vagolytic effects; therewas
no changein MAP.[133] |n elderly patientswith | eft

Table II. Intubating conditions under rapid sequence induction in non-fasted patients for emergency procedures following various doses of

rocuronium under various anesthetics

Reference Anaesthesia No. of pts  NMBA dose (mg/kg) Time to intubation (s) Acceptable intubating
mean * sd conditions (% of pts)
Mazurek et al.[118] TPL 13 1.2 42 +32 92 [1 pt fair°]
13 1.5SuUcC 40 + 4° 92 [1 pt fair]
Abouleish et al.119 TPL 40 0.6 79.3+2.9° 90 [5 pts required 2nd
dose (0.12 mg/kg)]
Hanowell et al.[2%] ETO 15 0.9 84 + 33f 100
15 1.2 84 + 33f 100
Sakles et al.l*24 ETO/BENZO/NONE 34 1.0 £0.29 45 + 15.5 (20-90)" 100
range
ETO/BENZO/NONE 24 1.0+0.29 46-60 100

Range 33-48 seconds.

Moving vocal cords and poor jaw relaxation.
Range 36-45 seconds.

Moving vocal cords and severe coughing/bucking.
Mean + standard error.

Range 0.6-1.1 mg/kg.
Figures in brackets indiate range.

oQ <t o o o0 T 9

Time from injection of induction drugs to confirmation of intubation by capnometry.

Benzo = benzodiazipime; ETO = etomidate; None = on induction agent administered; sd = standard deviation; SUC = succinylcholine; TPL

= thiopental.

0 Adis International Limited. All rights reserved.
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ventricular dysfunction and in ASA 3 and 4 pa-
tients scheduled for cardiac surgery, rocuronium
<0.9 mg/kg produced only minor haemodynamic
changes.[134135 The haemodynamic effects of rocu-
ronium 2 to 3 x EDgs were compared with those of
vecuronium, using different anaesthetic regimens.
Theresults were either no relevant haemodynamic
differences!?3 or adecreasein heart rate and MAP
following vecuronium, and anincreasein heart rate
following rocuronium.!132 Rocuronium was asso-
ciated with a lower requirement for vasopres-
sorg 138l and may attenuate the fall in MAP in ab-
sence of surgical stimulation.[132

In outpatients undergoing laparoscopic gynae-
cological procedures, episodes of profound brady-
cardia (heart rate <30 beats/min) occurred lessfre-
quently after rocuronium 20mg than after
vecuronium 4mg (0% vs 5%).1137] The margin of
safety for histamine release is high for both
rocuronium and vecuronium.[28] There was no
significant histamine release after doses of
rocuronium <1.2 mg/kg.[129138  Recently, 3
histaminoid reactions have been suggested to be
associated with rocuronium.[139]

2.2.2 Pain on Injection

The incidence of withdrawal movements of the
limbs after administration of rocuronium is vari-
able but high; however, none of the anaesthetised
patients complained of pain or recalled the induc-
tion of anaesthesiall*? In paediatric and adoles-
cent patients, who were probably under light
planes of anaesthesia, the incidence of pain was
849%.11401 |n awake patients, the incidence was
47%,1141 with 12% describing it as severe.[142 |n
another study, 8 out of 10 awake patientsreceiving
rocuronium 10mg complained of severe pain,
which lasted for approximately 10 to 20 sec-
onds.[243 |n awake patients receiving rocuronium
0.6 mg/kg followed by induction of anaesthesia 30
seconds later, the incidence of pain was 77%.1144

Apart from 1 study with low levels of anaesthe-
sia at injection of rocuronium, movements were
alwayslimited to the extremity where theinjection
was given.[140.141] The mechanism that is responsi-
ble for the withdrawal reaction is unknown, but
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does not seem to be due to the low pH of 4 since
NaCl 0.9% with a pH of 4 was not associated with
pain.[143] Another explanation may be the local re-
lease of mediators. Both lidocaine (10mg and,
more effectively, 30mg) 10 seconds and fentanyl
(2 po/kg) 45 second before the administration of
rocuronium significantly reduced the incidence
and severity of pain or the incidence of spontane-
ous movements associated with rocuronium ad-
ministration.[144.145]

The withdrawal of limbs in anaesthetised pa-
tients may be sufficient to displace the venous
catheter. Thereis, however, no need to administer
rocuronium to awake patients, asrapid tracheal in-
tubation can be achieved by administering rocu-
ronium without applying the priming and timing
principles, both of which may compromise neuro-
muscular transmission and, consequently, lung
function and protective airway reflexes.[6.146.147]

2.3 Pharmacokinetics

The pharmacokinetics of rocuronium resemble
those of vecuronium. However, in contrast to
vecuronium, rocuronium lacks an ester group at
position 3 of the steroid skeleton. Consequently,
hydrolysis, whichin the case of vecuronium results
in the pharmacologically active 3-OH metabolite,
cannot occur with rocuronium. So far, metabolites
of rocuronium have not been shown in hu-
mans.[55148 Rocuronium is mainly eliminated by
the liver, and 33% of a single dose of 1.0 mg/kg
was recovered from urine within 24 hours.[5%!

Pharmacokinetic analysis in patients receiving
rocuronium 2 x EDgs under different anaesthetic
regimens revealed a volume of distribution of ap-
proximately 200 ml/kg, a plasma clearance of 4 to
5 mg/kg/min and a MRT of 45 to 65 minutes.[148-
150 Clearance of rocuronium may be reduced and
MRT may be prolonged in the presence of hepatic
and renal failure.[88150.151] After prolonged admin-
istration of rocuroniumin patientsin ICU (median
duration 39 hours, total dose 938mg) volume of
distribution, MRT, and elimination half-life dif-
fered from data obtained after rocuronium infusion
of moderate duration in surgical patients; volume
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of distribution was increased (769 ml/kg), and
MRT and elimination half-life were prolonged
(263 and 337 minutes, respectively).l%2

2.4 Clinical Use

Rocuronium 0.6 mg/kg (2 x EDgs) is an inter-
mediate-acting nondepolarising NMBA that pro-
vides clinically acceptable intubating conditions
within 60 to 90 seconds under various anaesthetic
conditions in children, adults and elderly patients.
The main advantage rocuronium has over vecuron-
ium is the rapid onset of neuromuscular block,
which allows tracheal intubation under clinically
acceptable conditions 60 to 180 seconds after low
doses of rocuronium (1 to 1.5 x EDgs).[101-104.152]
Using an anaesthetic technique with propofol and
remifentanil (0.5 pg/kg/min) intubating conditions
were good or excellent at 180 secondsin all but one
patient given rocuronium 0.3, 0.45 or 0.6 mg/kg,
but in only 60% of patients receiving no muscle
relaxant.[14 Theclinical duration and timeto TOF
0.8 after rocuronium 0.3 mg/kg was 16 and 35 min-
utes, respectively.[1%4 [ ow doses of rocuronium
may, therefore, be suitable to facilitate tracheal in-
tubation for short procedures.

Rocuronium, if administered in large doses (=1
mg/kg), seems to be a drug that can replace
succinylcholine in a rapid-sequence setting pro-
vided that the airway has been carefully assessed
and no difficulty is anticipated.[11114 Although
difficulty in obtaining a satisfactory view at direct
laryngoscopy, cannot be predicted with 100% ac-
curacy by any scoring system.[!23 The cardiovas-
cular response to intubation under light thiopental
anaesthesia was not dependent on the dose of
rocuronium which ranged from 0.4 to 2 mg/kg, that
is, up to approximately 7 x EDgs.['15] This is in
contrast to rapacuronium, which is associated with
dose-dependent respiratory adverse effects that
limit the use of doses higher than 1.5 x EDgs and
hence the use of rapacuronium in arapid-sequence
setting.[43] Compared to the use of rocuronium in
doses <2 x EDgs in combination with an appropri-
ate induction technique (i.e. including an opioid)
or the use of larger doses of rocuronium under a
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relatively light anaesthesia, thetiming and priming
principles offer no advantage with respect to rapid
tracheal intubation, but may potentially be harmful
to the patient.[6:146.147] Finally, rocuronium admin-
istered immediately before an induction agent may
be the best nondepolarising NMBA to reduce fas-
ciculations and muscle pain induced by succinyl-
choline.[153]

3. Cisatracurium Besilate

Cisatracurium is a benzylisochinolinium non-
depolarising NMBA. Unlike atracurium, which is
a mixture of 10 stereocisomers, cistracurium is a
single isomer, that is, 1R-cis, 1'R-cis isomer;
atracurium consists of about 15% cistracurium.
Cisatracurium has a similar neuromuscular block-
ing profile to atracurium, except that the onset of
action of cisatracurium is somewhat slower and its
propensity to release histamine is significantly re-
duced.

3.1 Neuromuscular Effects

3.1.1 Potency and Onset of Block

A comparison of the onset properties and the
potency of different stereoisomers of atracurium
supports the hypothesis that onset of neuromuscu-
lar block is inversely related to the potency of the
compound.[> The neuromuscular potency of
cisatracurium is approximately 4 times that of
atracurium and its EDgs is 0.05 mg/kg compared
with 0.2 to 0.25 mg/kg for its parent compound.
Thus, the onset was expected to be slower after
cisatracurium than after atracurium. And in fact,
after equipotent doses (2 x EDgs) the onset of max-
imum neuromuscular block was significantly
slower with cisatracurium than with atracurium
(5.2 + 0.3 minutes vs 3.2 + 0.3 minutes).[1%% Fur-
ther studies confirmed this finding.[156-158]

The slow onset properties may limit the use of
cisatracurium in clinical practice. Therefore 2 dif-
ferent approaches have been proposed to decrease
the onset time of cisatracurium: (i) increasing the
sizeof thebolusdose; and (i) applying the priming
principle. Belmont et al.[15% demonstrated that in-
creasing the dose of cisatracurium actually de-
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creases its onset time; the onset time of 5.2 £ 0.3
minutes after cisatracurium 0.1 mg/kg (2 X EDgs)
decreased to 2.7 + 0.1 minutes after cisatracurium
0.2mg/kg (4 x EDgs) and to 1.9 + 0.1 minutes after
adose of 0.4 mg/kg (8 x EDgs). Whereas for most
other NMBAS, 2 x EDgs of the compound is pro-
posed as the intubating dose, 3 to 4 x EDgs (0.15
to 0.2 mg/kg) is recommended for cisatracur-
ium.[259 Theclinical valueof the priming principle
to decrease the onset time of cisatracurium was
first investigated by Stevens et al.[160 They re-
ported an onset time of 4.6 + 1.4 minutes after a
bolus dose of cisatracurium 0.1 mg/kg; a priming
dose of 0.01 mg/kg followed by an intubating dose
of cisatracurium 0.1 mg/kg 5 minutes later signif-
icantly shortened the onset time to 2.9 + 0.8 min-
utes. Similar findings were recently presented by
Puhringer et al .[161]

3.1.2 Duration of Neuromuscular Block

In comparative studies no difference in the du-
ration of action between equipotent doses of
cisatracurium and atracurium have been reported.
Neuromuscular block induced by 2 x EDgs
cisatracurium is characterised by an intermediate
duration of action. Depending on the anaesthetic
technique and the neuromuscular monitoring tech-
nique used, values between 44.8 minutes and 50
minutes were reported.[155157.158] However, in-
creasing the size of the cisatracurium bolus dose
from 0.1 to 0.2 mg/kg, as recommended to facili-
tate endotracheal intubation, led to a increase in
clinical duration to 68.3+2.4 minutes.[15% Thus, in
this context the profile of the compound changes
from an intermediate-acting NMBA to along-act-
ing one.l9

3. 1.3 Recovery from Neuromuscular Block

The spontaneous recovery from cisatracurium-
induced neuromuscular block is unrelated to dose
or duration of administration. Therecovery indices
for a T1 recovery from 25 to 75% and from 5 to
95% did not differ whether a bolus dose of
cisatracurium 0.1, 0.2 or 0.4 mg/kg was given or
whether the compound was administered by a con-
tinuous infusion (mean infusion time 109.2 min-
utes). The 25 to 75% and the 5 to 95% recovery
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intervals were 13 to 15 minutes and 30 to 33 min-
utes, respectively.[159]

Carroll et al 1571 compared the recovery charac-
teristics of cisatracurium and atracurium. They re-
ported that spontaneous and neostigmine-induced
recovery from both compounds were comparable.
After atracurium 0.5 mg/kg the 25 to 75% recovery
interval (mean and range) was 12.0 (10.5 to 13.3)
minutes; when neostigmine (0.05 mg/kg) was
given at a T1-recovery of 10% this interval was
reduced to 3.3 (21 to 6.2) minutes. After
cisatracurium 0.1 mg/kg, theseintervalswere 13.5
(7.7 to 16.6) minutes and 3.4 (2.2 to 4.4) minutes
and after cisatracurium 0.15 mg/kg the respective
valueswere 12.4 (9.1 t0 23.5) minutesand 3.2 (2.0
to 7.1) minutes.

3.1.4 Intubating Condifions

The intubating conditions provided by
cisatracurium have been investigated in a limited
number of studies.[162-164 At 2 minutes post ad-
ministration, clinically acceptable (good or excel-
lent) intubating conditions were achieved less fre-
quently using cisatracurium 2 x EDgs than after
equipotent doses of atracurium (67 vs 95%).[162]
Therefore, larger doses of cisatracurium are rec-
ommended to facilitate tracheal intubation.[159.163]
Two minutes after cisatracurium 3 X EDgs or 4 x
EDgs, intubating conditions were clinically accept-
able in 80 to 90% and in 97% of patients, respec-
tively.[162164] \Whether modifications of the anaes-
thetic technique (use of propofol instead of
thiopentone or addition of fast onset opioids such
as remifentanil to the induction regimen) may im-
prove intubating conditions 2 minutes after
cisatracurium 2 x EDgs has not been assessed in
comparative studies to date.

3.2 Adverse Effects

3.2.1 Cardiovascular

In clinically relevant doses, atracurium has no
effect on autonomic ganglia and the haemodyna-
mic aberrations observed after atracurium are
mainly the result of the histamine-releasing prop-
erties of the compound.[165.168] |n doseslarger than
0.5 mg/kg, atracurium may cause histamine re-
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lease, which can result in (facial) flushing and hy-
potension.[167-169] These effects are usually of short
duration and related to the dose and the speed of
injection. They can be prevented by the injection
of divided doses, slow injection or premedication
with histamine H; and histamine H, receptor
blockers.[17d |n healthy adults, the histamine re-
leasing properties of atracurium are clinically in-
significant, however, they may be disadvantageous
in special patient popul ations such as cardiovascu-
lar, neurosurgical or ICU patients.

Cisatracurium is characterised by a remarkable
haemodynamic stability; in dosesup to 8 x EDgs it
did not cause histaminerelease or clinically signif-
icant haemodynamic changes.[*71-173] Moreover,
like atracurium, cisatracurium has no effect on au-
tonomic ganglia. This facilitates handling of the
compound, as slow injection over aperiod of 30 to
60 seconds, divided doses or premedication with
histamine Hy or H, receptor blockers is not re-
quired, and, if need be, larger doses of cisatracur-
ium can be administered without running the risk
of histamine release or haemodynamic conse-
guences.

3.2.2 Laudanosine

Laudanosine is the primary metabolite of atra-
curium and cisatracurium, and isformed by Hofmann
elimination. It is a potent cerebral stimulant,
which, unlike atracurium, freely crossesthe blood-
brain-barrier.l[17 |n addition, it also has cardiovas-
cular effects. Unlike atracurium and cisatracurium,
laudanosine is dependent on the liver and kidney
for itselimination and accumulatesin patientswith
impaired function of these organs.[175176]

After the administration of atracurium, lauda-
nosine concentrations up to 440 ug/L have been
reported in cerebrospinal fluid of patientsin ICU
and, in patients undergoing cerebral aneurysmclip-
ping, values up to 570 ug/L have been mea-
sured.[174177 |_audanosine at these concentrations
has been suspected to contribute to an increased
incidence of seizures.[*78 Following the adminis-
tration of cisatracurium, the measured plasma
laudanosine concentrations are 5 to 10 times lower
than after atracurium; hence, |audanosine accumu-

0 Adis International Limited. All rights reserved.

lation and cerebrospinal fluid passage are unlikely
to occur with the use of cisatracurium in clinical
practice.[171v179'1801

3.3 Pharmacokinetics

Like atracurium, cisatracurium undergoes Hof-
mann elimination to yield laudanosine and amono-
quaternary acrylate metabolite. The monoquatern-
ary acrylate is then further hydrolysed to
monogquaternary alcohol which again undergoes
Hofmann degradation to form laudanosine. Unlike
atracurium, cisatracurium does not undergo hy-
drolysis by nonspecific plasma esterases.[58181]
Moreover, 23% of the drug is cleared by organ-de-
pendent mechanisms, with renal elimination ac-
counting for 16%.!58 In healthy adults, the clear-
ance of cisatracurium 2 x EDgs ranges from 4.7 to
5.3 ml/kg/min.[179.180 Thisiscomparableto values
reported for atracurium (5.5 to 6.1 ml/kg/min),
vecuronium (5.3t0 5.6 ml/kg/min) and rocuronium
(2.9t0 5.0 mi/kg/min). The volume of distribution
at steady state of cisatracurium in healthy adults
ranges from 141 + 34 to 190 + 47 ml/kg and the
elimination half-life ranges from 22 to 35 minutes
compared with 21 minutes for atracurium.[171.182]

The peak plasma laudanosine concentration af-
ter administration of cisatracurium 0.1 mg/kg
rangesfrom 20 to 38 mg/L in healthy patients com-
pared to 190 to 233 mg/L after equipotent doses of
atracurium.[182

In patientswith chronic renal failurethevolume
of distribution of cisatracurium was unchanged but
clearance was reduced by 13%.1179 Clinical dura-
tion and recovery properties remained un-
changed.[179 In patients with liver disease the vol-
ume of distribution of cisatracurium was increased
by 21% and clearance by 16%, whereas the elimi-
nation half-life remained unchanged; onset of
block was delayed but no alteration in the recovery
profile was observed;[165.182,183] gpe gl so table I11.

After continuous infusions of cisatracurium in
patientsin ICU, clearance and volume of distribu-
tion vlaues were increased, which may best be ex-
plained by the oedema found in these patients.[187]
However, thefact that the elimination half-lifewas
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unchanged (28 minutes) suggests that cisatracur-
ium is noncumul ative.!187]

3.4 Clinical Use

Compared to atracurium, cisatracurium is char-
acterised by aremarkable haemodynamic stability
and a significantly reduced laudanosine produc-
tion. Like atracurium, cisatracurium undergoes
Hofmann elimination. When administered in doses
up to 3 x EDgs the compound has an intermediate
duration of action. Recovery after cisatracurium-
induced neuromuscular block is fast and predict-
able. However, the major weakness of thisNMBA
isitsrelatively slow onset of action. Especially af -
ter cisatracurium 2 x EDgs, techniques such as the
priming principle or an induction regimen includ-
ing propofol and fast onset opioids (alfentanil or
remifentanil) are needed to ensure acceptable intu-
bating conditions within 2 to 3 minutes. However,
acceptable intubating conditions may be achieved
within 90 to 120 seconds after cisatracurium 3 x
EDgs (0.15 mg/kg) and 4 x EDgs (0.2 mg/kg).

Only limited data on the pharmacology of
cisatracurium in paediatric patients are avail-
able[188-192] The estimated EDgs Of cisatracurium
in children aged 2 to 12 yearsis 0.04 mg/kg; after
abolus dose of 0.08 mg/kg, neuromuscular block-
ade is of intermediate duration.[188.189.191] M ore
data are required to determine the place of
cisatracurium in paediatric patients; in particular,
specific dose-finding studies for this patient popu-
lation are needed.

In the following patient groups cisatracurium
may be of particular interest.

3.4.1 Elderly Patients

Neither the pharmacokinetics nor the pharma-
codynamics of cisatracurium are atered in elderly
patients compared with younger patients; in partic-
ular, the recovery characteristics do not differ be-
tween these groups.[!84 Therefore, cisatracurium
may be of particular interest in this patient popul a-
tion. However, it remainsto be proven in prospec-
tive studies whether cisatracurium is associated
with a lower incidence of residual paralysisin el-
derly patients than other intermediate-acting
NMBAs.

3.4.2 Patients with Hepatic or Renal Failure, and

in Infensive Care

Theclinical duration and therecovery profile of
cisatracurium are largely independent of hepatic
and renal functions, which makesthe pharmacody-
namics of cisatracurium predictable in patients
with severe hepatic or renal failure.[156.183] Thisis
of particular importance in situations in which re-
peated bolus doses or even a continuous infusion
technique are used to ensure deep neuromuscular
blockade. The use of NMBAsto facilitate mechan-
ical ventilationin patientsin |CU hasdeclined dur-
ing thelast 10 years. In the past, cumulation of the
potentially neurotoxic metabolite laudanosine and
subsequent passage into the cerebrospinal fluid
have been observed after continuous infusion of
atracurium in such patients.[177]

Table lll. Pharmacodynamics of cisatracurium in healthy patients and patients with liver or kidney failure. Values are presented as means

Onset (min)?

Clinical duration (min)°

DUR 0.7 (min)® References

Healthy

0.10 mg/kg 2.7-7.7 44.8-50
0.15 mgl/kg 2.2 51.0
0.20 mgl/kg 2.7 68.3
Liver failure 2.4 53.5
Renal failure 8.8 44.0

155,156,158,160,183-186

66.7-82.5

NA

89.9

79.0 183
72.0 156

a Time from injection of cisatracurium to maximum neuromuscular block.

b Time from injection to 25%-T1 recovery.
¢ Time from injection to recovery of the TOF-ratio to 0.7.

NA = data not available; T1 = first response of the TOF; TOF-ratio = train of four ratio at the thumb.

0 Adis International Limited. All rights reserved.
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Significantly reduced laudanosine production
aswell asincreased haemodynamic stability arethe
major advantages of cisatracurium over atracur-
ium. In addition, compared to vecuronium, recov-
ery from neuromuscular block seems to be more
rapid after prolonged infusion of cisatracurium in
critically ill patients.[19] However, in predisposed
patientsin ICU (e.g. receiving treatment with high-
dose corticosteroids) cisatracurium may produce
prolonged paralysisjust like any other NMBA .[194]

4. Conclusion

The 3 newer nondepolarising NMBAS, rocuron-
ium (introduced in 1994), cisatracurium (1995)
and rapacurium (1999), offer several advantages
over the established NMBAs.

Rapacurium is a new, nondepolarising NMBA
with arapid onset of and short duration of action
and may therefore be a suitable alternative to
mivacurium and succinylcholine for short proce-
dures (<30 minutes), particularly in ambulatory an-
aesthesia. The most prominent adverse effects of
rapacurium (tachycardia, hypotension and bron-
chospasm) are dose-related and limit the use of
rapacuronium in a rapid-sequence setting. As a
consequence of a series of recent reports on bron-
chospasm following administration of rapacurium
(see Addendum bel ow) the dose recommendations
will probably be changed by the manufacturer.

From all currently available nondepolarising
muscle relaxants, rocuroniumin doses=1 mg/kgis
the most suitable alternative to succinylcholine in
aclassical rapid-sequence setting, that is, under a
relatively light anaesthetic depth. In contrast to
rapacurium, the use of rocuronium in a rapid-se-
guence setting is not associated with dose-depend-
ent respiratory adverse effects.

Unlike atracurium, cisatracurium does not trig-
ger histamine release even when administered in
large doses and it has only minimal cardiovascul ar
adverse effects. The elimination of cisatracurium
from the body ismainly independent of organ func-
tion making the pharmacodynamics of cisatracur-
ium predictablein patients with impaired renal and

0 Adis International Limited. All rights reserved.

hepatic function such as geriatric patients and crit-
icaly ill patients.

Addendum

In premarketing clinical trials, rapacuronium
bromide caused bronchospasm in 3.2% of patients.
In clinical practice in the USA several serious ad-
verse bronchospasm events were reported to Orga-
non Inc, of West Orange, N.J., including afew fa-
talities. Therefore, on March 27, 2001 Organon
Inc. voluntarily withdrew rapacuronium bromide
(trade name Raplon) from the US market (see
http://www.fda.gov/medwatch/safety/2001/raplon _
DDL.htm for more detailed information) until a
more restricted package insert comes into place.
Raplon and its possible association with the occur-
rence of severe bronchospasm have led to this de-
cision.

Three case reports dealing with bronchospasm
following administration of rapacuronium and an
accompanying editorial has been published in the
May issue of Anesthesiology 2001.[195-198]
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