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Background: Mivacurium consists of a mixture of three ste-
reoisomers: cis-trans (34-40%), trans-trans (52-60%), and cis-
cis (4-8%). These isomers differ in potency (the trans-trans
and the cis-trans isomers are equipotent and the cis-cis isomer
is 1/13th as potent a neuromuscular blocking agent) and in
rates of in vitro hydrolysis (in vitro half-lives are less than 2
min for the cis-transand trans-trans isomers and 276 min for
the cis-cis isomer). The current study was undertaken to de-
termine the pharmacokinetic profile of the individual stereo-
isomers of mivacurium, to evaluate the dose-proportionality
of the more potent trans-trans and cis-trans isomers, and to
evaluate the pharmacodynamics of mivacurium in healthy
adult patients receiving a consecutive two-step infusion of
mivacurium,

Methods: Eighteen ASA physical status 1 or 2 adult male pa-
tients undergoing elective surgery under nitrous oxide/oxy-
gen/fentanyl anesthesia were studied. Neuromuscular func-
tion was monitored using a mechanomyograph at a frequency
of 0.15 Hz. An infusion of mivacurium was begun at 5
pg kg™ - min™, Sixty minutes later, the infusion rate was dou-
bled to 10 ug- kg™ - min™, and, 60 min after that, the infusion
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was discontinued. All patients were allowed to recover spon-
taneously from mivacurium-induced neuromuscular block.
Venous blood samples were drawn for the determination of
the plasma concentrations of each isomer of mivacurium by
a stereospecific high performance liquid chromatographic
method. Pharmacokinetic parameters were determined using
noncompartmental analysis.

Resuits: During the 5-ug-kg™' - min™ infusion, patients de-
veloped 83.2 + 13.6% neuromuscular block. Increasing the in-
fusion to 10 ug-kg ™ min~" increased the depth of block to
99.0 + 2.0%. After discontinuation of the infusion, patients
returned to 25% of their baseline muscle strength in 9.3 + 3.7
min and had 25-75% and 5-95% recovery indexes of 7.2 + 1.8
and 16.8 * 3.7 min, respectively. The volumes of distribution
(V) of the cis-trans, trans-trans, and cis-cisisomers were 0.29
* 0.24, 0.15 =+ 0.05, and 0.34 + 0.08 1/kg, respectively. During
the 5-ug-kg™ -min™ infusion, the steady-state clearances of
the potent cis-trans and trans-trans isomers were 106 + 67
and 63 + 34 ml-min™- kg™, respectively; the clearance of the
less potent cis-cis isomer was 4.6 + 1.1 ml-min~*-kg™, The
elimination half-lives of the cis-trans and trans-transisomers
were 1.8 = 1.1 and 1.9 = 0.7 min, respectively, and that of the
cis-cis isomer was 52.9 & 19.8 min. Clearance of the cis-trans
and trans-trans isomers did not vary with infusion rate.

Conclusions: The short elimination half-lives and high met-
abolic clearances of the potent cis-trans and trans-trans iso-
mers are consistent with the short duration of action of miv-
acurium. The cis-cis isomer does not appear to produce sig-
nificant neuromuscular block as evident by the return of
twitch height to baseline despite persistent cis-césisomer con-
centrations. (Key words: Pharmacodynamics, neuromuscular
relaxants: mivacurium. Pharmacokinetics: stereoisomers.)

MIVACURIUM chloride is a new short-acting nonde-
polarizing neuromuscular blocking agent consisting of
a mixture of three stereoisomers: cis-trans, trans-
trans, and cis-cis. As geometric isomers, these are three
distinct compounds with the same structural formula;
they do not interconvert #n vivo or in vitro. The trans-
trans isomer constitutes 52-62% of the mivacurium
mixture, the cis-trans isomer 34~40% of the mixture,
and the cis-cis isomer 4-8% of the mixture.** In anes-
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thetized cats, the three isomers of mivacurium differ
in potency. The trans-trans and cis-trans isomers are
equipotent in terms of their neuromuscular blocking
potential with their EDys values being 42 + 3 and 45
* 3 ug/kg, respectively. The cis-cis isomer is approx-
imately 1/13th as potent in cats as the other two iso-
mers, with an EDgs of 592 ug/kg.!

Mivacurium is a substrate for plasma cholinesterase
and is metabolized at a rate of approximately 70-88%
that of succinylcholine at comparable multiples of the
Michaelis-Menten constant (Km).? A study of the hy-
drolysis of the individual isomers using pooled human
plasma showed that the mean iz vitro haif-life for the
disappearance of the less potent cis-cis isomer was 276
min, whereas the mean in vitro half-lives of the more
potent cis-trans and trans-trans isomers were 1.30
and 0.83 min, respectively.tt

Pharmacokinetic studies of mivacurium in patients
have yielded terminal half-life estimates of approxi-
mately 20 min.? ## In these studies, however, the assay
used to determine the plasma concentration of miva-
curium was not stereospecific and, therefore, could not
distinguish the individual isomers. Hence, the 20-min
terminal half-life of mivacurium calculated in these
studies most likely represents slow elimination of the
cis-cis isomer. The current study was undertaken to
determine the pharmacokinetic profile of the individual
stereoisomers of mivacurium, to evaluate the dose pro-
portionality of the trans-trans and cis-trans isomers,
and to evaluate the pharmacodynamics of mivacurium
in healthy adult patients receiving a consecutive two-
step infusion of mivacurium.

Methods and Materials

Patient Selection

The study protocol was approved by the Human
Rights and Research Committee of Cornell University
Medical College—New York Hospital. Informed consent
was obtained from 18 ASA physical status 1 or 2 patients
between the ages of 33 and 55 yr who were scheduled
to undergo lengthy minor surgical procedures. Patients

Tt Croft-Harrelson J: Personal communication. 1993,

¥F deBros F, Basta §), Ali HH, Wargin W, Welch R: Pharmacokinetics
and pharmacodynamics of BW B1090U in healthy surgical patients
receiving N,O/O; isoflurane anesthesia (abstract). ANESTHESIOLOGY
67:A609, 1987.
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with neuromuscular, cardiovascular, hepatic, renal,
neurologic, or pulmonary disease were excluded from
the study. In addition, those taking any medication
known to affect neuromuscular transmission were not
included in the study.

Anesthetic Management

In the operating room, electrocardiograms, pulse ox-
imeters, blood pressure cuffs, capnographs, and esoph-
ageal temperature probes were applied for routine
monitoring. After preoxygenation, anesthesia was in-
duced with intravenous midazolam (20-80 pg/kg),
fentanyl (2-12 ug/kg), and thiopental (2-10 mg/kg).
Ventilation with oxygen and nitrous oxide (30:70
mixture) was controlled using an anesthesia face mask.
The patients’ tracheas were intubated before mivacu-
rium administration, and anesthesia was maintained
with oxygen (30%) and nitrous oxide (70%) and ad-
ditional doses of fentanyl, midazolam, and thiopental
intravenously as required to maintain stable heart rate
and arterial pressure and to permit mechanical venti-
lation. Ventilation was adjusted to maintain normocap-
nia.

Esophageal temperature was maintained between
35°C and 37°C with warmed intravenous fluids, blan-
kets, and gas humidifiers. After induction of anesthesia,
a second intravenous catheter was inserted for blood
sampling, and blood was obtained for determination
of the patient’s dibucaine number and plasma cholin-
esterase activity. Plasma cholinesterase activity was de-
termined colorimetrically using butyrylthiocholine as
the substrate.

Neuromuscular Monitoring

The ulnar nerve was stimulated at the wrist through
23-G steel needle electrodes with a supramaximal
square-wave impulse of 0.2 ms duration. The stimulus
was delivered at a frequency of 0.15 Hz from a Grass
(Quincy, MA) 888 stimulator in conjunction with a
Grass stimulus isolation unit. Response to stimulation
was measured with a force displacement transducer
(Grass model FT-10) applied to the thumb and re-
corded on a Grass model 7 polygraph.

Onset and recovery from neuromuscular block were
determined by the mechanical response elicited from
a single twitch stimulus. Onset and maximum block
were determined using the initial baseline response to
stimulation. Recovery was determined using the max-
imal, stable twitch height after discontinuation of miv-
acurium administration as the baseline for comparison.
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Muscle Relaxant Administration

After at least a 10-min stable baseline of neuromus-
cular response to stimulation, an infusion of mivacu-
rium was begun at 5 ug - kg™ - min~’ (infusion rate 1).
After 60 min, the infusion rate of mivacurium was in-
creased to 10 pg-kg™' - min~! (infusion rate 2). Sixty
minutes later, the infusion was discontinued, and the
patient was allowed to recover spontancously from
mivacurium-induced neuromuscular block. Once re-
covery from mivacurium block was complete, if further
muscle relaxation was required, vecuronium was ad-
ministered in bolus doses of 10-20 ug/kg as clinically
indicated. If necessary, residual neuromuscular block
due to vecuronium was antagonized with neostigmine
(20-50 ug/kg) and atropine (10-30 ug/kg) at the end
of the surgical procedure.

Determination of Mivacurium Plasma

Concentrations

Blood samples (5 ml each) were collected before the
start of the infusion and at 1, 2, 3, 4, 6, 10, 15, 20,
30, 45, and 60 min after the initiation of infusion rate
1. Samples were drawn at identical times after the ini-
tiation of infusion rate 2. In addition, blood samples
were collected at 1, 2, 3, 4, 6, 8, 12, 20, 30, 45, 60,
90, 120, and 240 min after discontinuation of the sec-
ond infusion of mivacurium. A second intravenous
catheter, not located in the extremity being used either
to deliver the mivacurium infusion or to monitor neu-
romuscular block, was used for blood sampling.

Immediately after collection, the blood was trans-
ferred into a Vacutainer (Becton Dickinson, Franklin
Lakes, NJ) containing EDTA (ethylenediaminetetraace-
tic acid) as an anticoagulant and 400 ul of the cholin-
esterase inhibitor phospholine iodide (0.25%) and
mixed thoroughly. This process was completed within
15 s from the beginning of sample collection. The
blood samples were then centrifuged, and the plasma
was decanted and frozen. Later, the plasma samples
were thawed and analyzed using a stereospecific high
performance liquid chromatographic method with flu-
orometric detection of the isomers of mivacurium. The
accuracy and precision of the assay, expressed as the
percent deviation of measured values from the true
values and the percent coefficient of variation, respec-
tively, were 10% or less at all concentrations except
for the lower limit of quantitation (<16% at 5 ng/ml).
The extraction efficiencies for the trans-trans, cis-
trans, and cis-cis isomers were 54%, 54%, and 56%,
respectively.*
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Pharmacodynamics

The maximum degree of neuromuscular block
(twitch inhibition) at each of the infusion rates and
the times to 5%, 25%, 50%, 75%, and 95% recovery
after the discontinuation of the mivacurium infusion
were recorded. The 5-25%, 25-75%, and 5-95% re-
covery indexes, or time required from 5% to 25%, 25%
to 75%, and 5% to 95% recovery of baseline muscle
strength, respectively, were determined.

Pharmacokinetics

Individual mivacurium isomer plasma concentration-
time data were analyzed using noncompartmental
methods. Noncompartmental modeling assumes that
mivacurium is eliminated from the central compart-
ment. The exact percentage of each isomer adminis-
tered, as measured within 1 month of the date of the
patient study, was used to calculate the doses in the
determination of pharmacokinetic parameters. Because
of their short half-lives, the trans-trans and cis-trans
isomers achieved steady-state (C,;) during each of the
60-min infusions. Their C,, values, therefore, were es-
timated by averaging three to five concentration values
obtained 15-60 min after the beginning of each infu-
sion rate. The plasma clearance (CL = K,/C,, where
K, is the infusion rate of the isomer), the volume of
distribution (Vg = Ko/C,; * 8, where 3 is the elimination
rate constant) and the elimination half-life (t,,,8 =
0.693/pB) of these isomers were calculated. The con-
centration of the cis-cis isomer did not reach steady-
state by the end of each infusion period. Therefore, its
CL could not be calculated using this approach.

The volume of distribution at steady-state (Vd,,) was
not calculated because an accurate estimation of the
area under the plasma concentration-time curve (AUC)
and the area under the first moment curve was not pos-
sible because of transient problems, lasting 2—5 min,
with the infusion pump early during the infusion of 5
pg-kg™' - min~'. Because concentrations of cis-trans
and trans-trans isomers in the plasma decrease so rap-
idly, these isomers were not detectable when these
pump malfunctions occurred. Problems with the cal-
culations of AUC were only magnified when the value
was squared for the calculation of Vd,,. Because of these
methodologic problems, the Vg was calculated for each
compound. While Vg does not describe a physiologic
entity, as does Vd,, and is influenced by elimination
of the compound, it more closely approximated pre-
dictions of the true volume of distribution than Vd,; in
this study.
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Table 1. Demographics (n = 18)

Mean + SD Range
Age (yr) 409 + 8.4 27-55
pPChE activity (units/l)* 13.8+ 3.6 7.8-20.5
Weight (kg) 823+ 11.0 51-98
ABW/IBW+t 1.07 £ 0.13 0.79-1.39

* Range of normal plasma cholinesterase (pChE) values is 8-18 units/l.
1 Actual body weight (ABW) divided by ideal body weight (IBW).

The AUC, CL (Dose/AUC, where dose is the amount
of isomer given), and V; (Vg = Dose/(AUC: 3)) were
calculated for the cis-cis isomer. The observed maxi-
mum concentration (Cn,x) for this isomer was identi-
fied at each infusion rate.

All results, unless otherwise specified, are presented
as the mean =+ SD. Clearance values were compared at
each infusion rate using the paired ¢ test for samples
with unequal variances. P < 0.05 was considered sta-
tistically significant.

Results

Demograpbics

The 18 patients studied were male. As can be seen
in table 1, patients ranged in age from 33 to 55 yr with
an average age of 41 yr. As also can be seen in table 1,
all patients were within 20% of their ideal body
weights, and all had normal plasma cholinesterase ac-
tivity.

Pbarmacodynamics

During the initial mivacurium infusion of 5
pg-kg™' - min~', patients developed maximum neuro-
muscular block ranging from 50% to 100%, with a mean
of 83.2 + 13.6%. Doubling the infusion rate to 10
pg-kg™' - min~! increased the depth of neuromuscular
block, with 13 of 17 patients achieving 100% block.

Table 2. Pharmacodynamics (n = 18)

Time (min)
Recovery Index Mean + SD Range
5-25% 3.9+09 2.4-59
25-75% 72+18 4.5-10.5
5-95% 16.8 £ 3.7 11.7-23.5
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Fig. 1. The plasma concentrations of each of the isomers over
time in a single patient. The plasma concentration of the cis-
transisomer is denoted by O - + O, that of the trans-transiso-
mer by ®—@, and that of the cis-cis isomer by A- — —A.

The range of maximum block at this infusion rate was
93-100% with a mean of 99.0 = 2.0%.

The 5-25%, 25-75%, and 5-95% recovery indexes
are reported in table 2, with a mean 25-75% recovery
index of 7.2 £ 1.8 min and a mean 5-95% recovery
index of 16.8 £ 3.7 min.

After discontinuation of the infusion, patients re-
turned to 5% of their baseline twitch height in 2.0-
13.3 min, with a mean (+SD) of 6.3 = 3.1 min. Patients
returned to 25% of their baseline muscle strength
within 4.4-17.5 min (mean *+ SD 9.3 + 3.7 min) and
to 95% of their baseline in 15-35 min (mean + SD
22.1 = 5.9 min).

Pharmacokinetics
The plasma concentrations of each of the isomers over
time for an individual patient are shown in figure 1.

Table 3. Pharmacokinetics Dose Proportionality

cis-trans Isomer trans-trans Isomer

Cs:s (ng/ml)
5ug - kg™ - min~? 21 +10 59 + 25
10 g - kg™ + min™" 44 + 18 125 + 44
Cl(ml - min™ . kg™
5ug » kg™ + min™? 106 + 67 63 + 34
10 ug - kg™ + min~' 105 + 63 56 + 26
V; (I/kg) 0.29 + 0.24 0.15 + 0.05

Data are mean + SD.
Crax Values for the cis-cis isomer were 121 + 24 ng/ml.
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After initiation of each of the infusion rates (5 and 10
pg-kg™' - min~"), the plasma concentrations of the cis-
trans and trans-trans isomers plateaued or reached
steady-state rapidly (within 10 min). Within 8—-10 min
after discontinuation of the infusion, these isomers be-
came undetectable in the plasma. In contrast, the cis-
cis isomer did not achieve steady-state during either
infusion period and, after discontinuation of the infu-
sion, the plasma concentration of this isomer decreased
slowly.

Table 3 summarizes the plasma concentrations at
steady-state, CL, and V, values for the cis-trans and
trans-trans isomers at 5 and at 10 pg-kg™' + min~"'. The
paired ¢ test demonstrated no significant difference in
CL for the cis-trans isomer or the trans-trans isomer
at the two infusion rates. The elimination half-lives of
the ciés-trans and trans-trans isomers were 1.8 = 1.1
and 1.9 * 0.7 min, respectively.

In contrast to the high CLs and short elimination half-
lives of the cis-trans and trans-trans isomers, the CL of
the cis-cis isomer was 4.6 = 1.1 ml-min™' - kg™, and
its elimination half-life was 52.9 = 19.8 min. Its Vg
was 0.34 + 0.08 l/kg.

Figure 2 illustrates the relationship between plasma
cholinesterase activity and the CL of the trans-trans,
cis-trans, and cis-cis isomers. The CLs of the trans-
trans and cis-trans isomers are highly dependent on
the plasma cholinesterase activity. In contrast, the CL
of the cis-cis isomer is not related to plasma cholin-
esterase activity.

Discussion

The three isomers of mivacurium differ in terms of
their pharmacokinetic profiles. The short elimination
half-lives and high metabolic CLs of potent cis-trans
and trans-trans isomers are consistent with the short
duration of action of mivacurium. The less potent cis-
cis isomer does not appear to produce significant neu-
romuscular block, as evident by the return of twitch
height to baseline despite persistent cis-cis isomer
concentrations.

To fully understand the nature of the mixture and to
predict the time course of neuromuscular block after
various doses of mivacurium, one needs to understand
the contribution of each stercoisomer to the overall
duration of action of mivacurium. The cis-trans and
trans-trans isomers comprise 92-96% of mivacurium
and are about 13 times more potent than the less potent
cis-cis isomer in cats.' In humans, the very high CL
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Fig. 2. The clearance (CL) of each of the isomers as a function
of plasma cholinesterase (pChE) activity. While the CL of the
cis-trans and trans-transisomers is dependent on plasma cho-
linesterase activity (r? is 0.323 and 0.326, respectively; P <
0.05), there is no relationship between the CL of the cis-cis
isomer and plasma cholinesterase activity (+* = 0.016, P =
0.62).

values of the cis-trans and trans-trans isomers (105
106 and 56-63 ml-min~'-kg™!, respectively) are far
greater than cardiac output, glomerular filtration rate,
and liver blood flow, reflecting the extensive metabo-
lism of these compounds by plasma cholinesterase. The
volume of distribution of the compounds is very small,
reflecting limited tissue distribution secondary to the
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polarity of the isomers and their large molecular
weight. The high CLs and small volumes of distribution
are associated with short elimination half-lives of 1.8
and 1.9 min for the cis-trans and trans-trans isomers,
respectively, which are very similar to the half-lives
found ¢n vitro. The short elimination half-lives and high
metabolic CLs of the cis-trans and trans-trans isomers
are consistent with the short duration of action of miv-
acurium.

The increased depth of neuromuscular block with
doubling of the infusion rate from 5 to 10
pg-kg™! - min~! is consistent with the increased plasma
concentrations of the cis-trans and trans-trans iso-
mers. The CLs of the trans-trans and cis-trans isomers
are not affected by a change in the infusion rate of miv-
acurium. Therefore, the pharmacokinetics of the trans-
trans and cis-trans isomers are linear or dose-propor-
tional within the range of infusion rates studied.

Because of limitations imposed by the Institutional
Review Board at The New York Hospital-Cornell Med-
ical Center, the study was undertaken using venous
blood. There is no data on the simultaneous determi-
nation of mivacurium pharmacokinetics in arterial and
venous blood. Donati et al.,’ however, reported that
atracurium concentrations were higher in arterial blood
than in venous blood; for the first 3 min, the difference
was greater than 50%. By 20 min, venous concentra-
tions were approximately 90% of arterial concentra-
tions. Because our CL estimates are based on steady-
state concentrations and because half-lives were esti-
mated after termination of a 2-h infusion, the difference
between arterial and venous concentrations should be
minimized. The arteriovenous differences would be
more substantial if the pharmacokinetics were esti-
mated after administration of a bolus dose.

Because of the rapid CL and short elimination half-
life of each of the more potent isomers, spontaneous
recovery from mivacurium-induced neuromuscular
block is rapid. In this study, all patients received a 2-
h infusion of mivacurium. The majority of patients
(87%) had 100% neuromuscular block at infusion rate
2 for at least 45 min before discontinuing the infusion.
Despite this apparent overdose of muscle relaxant, pa-
tients recovered to 5%, 25%, and 95% of their baseline
twitch height in 6.3 (range 2.0-13.3), 9.3 (range 4.4~

17.5), and 22.1 (range 15-35) min, respectively, after
discontinuation of the infusion. The 25-75% recovery
index of approximately 7 min reported in this study is
similar to the 6.5—7-min recovery index reported pre-
viously.®” The 5-95% recovery index of 16-17 min is
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only about 2 min longer than the 14~15-min recovery
indexes reported previously.®’ In patients receiving
infusions lasting 30-324 min, recovery indexes in
other studies were not related to the size of the dose
of mivacurium or to the duration of the infusion.®’

The CL of the cis-cis isomer of 4.6 mlmin~" kg™
is similar to CLs reported for the intermediate-acting
muscle relaxants atracurium and vecuronium.?='! The
elimination half-life of the c7s-cis isomer of 52.9 min
determined in this study is substantially shorter than
the in vitro value reported previously of 276 min.™
Therefore, in addition to slow hydrolysis by plasma
cholinesterase, the cis-cis isomer may be eliminated
unchanged through the kidney and the liver.

In the current study, the cis-cis isomer does not ap-
pear to contribute significantly to neuromuscular block.
Twitch height returned promptly to baseline despite
persistent plasma concentrations of the cis-cis isomer.
In addition, if one assumes that the c¢és-cis isomer is 1/
10th to 1/13th as potent as the other two isomers, the
ECs, for the potent isomers is 67.3 + 30.4 ng-ml™'.'?
Based on this model, one would predict that the max-
imum plasma concentration of the cis-cis isomer ob-
served in this study (172 ng/ml) would be associated
with less than 5% block.

What may happen to the plasma concentration of the
cis-cis isomer during even longer infusions? If the in-
fusion is given, as in this study, at a predetermined rate
without regard for degree of neuromuscular block, the
plasma concentration of this isomer presumably will
increase and reach a steady-state only after the infusion
has continued for at least 5-6 h (Z.e., five half-lives).

The likelihood of the cis-cis isomer contributing to
significant neuromuscular block in healthy patients in
the clinical setting is remote because of its low potency,
especially if neuromuscular block is monitored prop-
erly. Because mivacurium is a benzylisoquinolinium
diester, even if the cis-cis isomer were to increase to a
plasma concentration that might cause neuromuscular
block, in the worst case, recovery should occur over a
similar time course as it does after the intermediate-
acting benzylisoquinolinium atracurium, because the
CLs are similar. Significant neuromuscular block due
to the cis-cis isomer has not been demonstrated in pa-
tients receiving infusions of mivacurium lasting many
hours with monitoring of neuromuscular block and ap-
propriate dosing.%’

Mivacurium and its metabolites are eliminated to a
small extent in the urine.” The limited data regarding
the use of mivacurium in patients with renal disease
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suggests that the pharmacodynamics of mivacurium are
altered in this patient population.>'3'% The pharma-
cokinetics of mivacurium in patients with end-stage
renal disease have not yet been fully characterized
through the use of a stereospecific assay. Because of
the likely possibility that the cis-cis isomer, whose CL
is unrelated to plasma cholinesterase activity, is ex-
creted renally, there is the potential for it to accumulate
in patients with end-stage renal disease.

In conclusion, mivacurium is comprised of three ste-
reoisomers: two potent isomers, cis-trans and trans-
trans, that comprise the major portion of the relaxant
mixture, and one less potent isomer, c¢is-cis, that com-
prises approximately 6% of the product. The cis-trans
and trans-trans isomers have very short elimination half-
lives of 1.8 and 1.9 min, respectively, and very high
CLs of 105-106 and 56-63 ml-min™'-kg™*, respec-
tively. The less potent cis-cis isomer has a slower CL of
4.6 ml-min~" - kg™', similar to those of vecuronium and
atracurium, and a longer elimination half-life of 52.9
min, which is similar to that of vecuronium. In this study,
even in the presence of persistent cis-cis isomer con-
centrations, spontaneous recovery of twitch to baseline
height occurred approximately 20 min after discontin-
uation of a 2-h infusion of mivacurium. The more potent
trans-trans and cis-trans isomers constitute about 95%
of the mivacurium mixture and appear to be responsible
for its unique pharmacodynamic profile.

The authors thank Marc Goldstein, M.D., Ph.D., Division of Urology,
The New York Hospital-Cornell University Medical Center, for his
support and cooperation in studying his patients. The authors also
thank Allen Lai, Ph.D., and J. Neal Weakly, Ph.D., for their scientific
contributions and Karen Wolf, B.S., and Charles D. James, B.S., for
their technical assistance.

References

1. Maehr RB, Belmont MR, Wray DL, Savarese JJ, Wastila WB: Au-
tonomic and neuromuscular effects of mivacurium and its isomers
in cats (abstract). ANESTHESIOLOGY 75 (suppl):A772, 1991

Anesthesiology, V 80, No 6, Jun 1994

2. Cook RD, Stiller RL, Weakly JN, Chakravorti S, Brandom BW,
Welch RM: In vitro metabolism of mivacurium chloride (BW
B1090U) and succinylcholine. Anesth Analg 68:452-456, 1989

3. Cook DR, Freeman JA, Lai AA, Kang Y, Stiller RL, Aggarwal §,
Harrelson JC, Welch RM, Samara B: Pharmacokinetics of mivacurium
in normal patients and in those with hepatic or renal failure. Br J
Anaesth 69:580-585, 1992

4. Brown AR, James CD, Welch RM, Croft-Harrelson J: Stereose-
lective high performance liquid chromatographic assay with fluo-
rometric detection for the isomers of mivacurium in human plasma.
J Chromatogr Biomed Appl 578:302~308, 1992

5. Donati F, Varin F, Ducharme J, Gill SS, Theoret Y, Bevan DR:
Pharmacokinetics and pharmacodynamics of atracurium obtained
with arterial and venous blood samples. Clin Pharmacol Ther 49:
515-522, 1991

6. Ali HH, Savarese J], Embree PB, Basta §J, Stout RG, Bottros LH,
Weakly JN: Clinical pharmacology of mivacurium chloride (BW
B1090U) infusion: Comparison with vecuronium and atracurium.
Br J Anaesth 61:541-546, 1988

7. Savarese JJ, Ali HH, Basta SJ, Embree PB, Scott RPF, Sunder N,
Weakly JN, Wastila WB, El-Sayad HA: The clinical neuromuscular
pharmacology of mivacurium chloride (BW B1090U). ANESTHESIOLOGY
68:723-732, 1988

8. Fahey MR, Rupp SM, Fisher DM, Miller RD, Sharma M, Canfell
C, Castagnoli K, Hennis PJ: The pharmacokinetics and pharmaco-
dynamics of atracurium in patients with and without renal failure.
ANESTHESIOLOGY 61:699-702, 1984

9. Cronnelly R, Fisher DM, Miller RD, Gencarelli P, Nguyen-
Gruenke L, Castagnoli N: Pharmacokinetics and pharmacodynamics
of vecuronium (ORG NC 45) and pancuronium in anesthetized hu-
mans. ANESTHESIOLOGY 58:405-408, 1983

10. Lynam DP, Cronnelly R, Castagnoli KP, Canfell PC, Caldwell
J, Arden J, Miller RD: The pharmacodynamics and pharmacokinetics
of vecuronium in patients anesthetized with isoflurane with normal
renal function or with renal failure. ANESTHESIOLOGY 69:227-231,
1988

11. Ward S, Neill EAM, Weatherly BC, Corall IM: Pharmacokinetics
of atracurium besylate in healthy patients (after a single i.v. bolus).
Br J Anaesth 55:113-117, 1983

12. Phillips L, Schmith VD, Lien CA, Embree PB, James CD, Lai A,
Savarese JJ: Mivacurium stereoisomer pharmacodynamics, Pharma Res
9:8-356, 1992

13. Phillips BJ and Hunter JM: Use of mivacurium chloride by
constant infusion in the anephric patient, Br J Anaesth 68:494-498,
1992

14. Mangar D, Kirchhoff GT, Rose PL, Castellano FC: Prolonged
neuromuscular block after mivacurium in a patient with end-stage
renal disease. Anesth Analg 76:866~-867, 1993

20z ludy 0z uo 3sanb Aq ypd°£1.000-00090+66 |-Z¥S0000/686LZE/96C 1/9/08/4pd-Bj01E/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumod



