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Evaluations of New Drugs

Vecuronium: A New Nondepolarizing
Neuromuscular-Blocking Agent

Clinical Pharmacology, Pharmacokinetics, Cardiovascular Effects and
Use in Special Clinical Situations

Ronald D. Miller, M.D.

Vecuronium provides additional flexibility to the clinician using neuromuscular-blocking drugs. lis
shorter duration of action, lack of significant cardiovascular effects and lack of dependence on the kidney
for elimination provide clinical advantages over, or alternatives to, currently available, nondepolarizing

neuromuscular-blocking drugs.
(Pharmacotherapy 1984;4:238—47)
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Vecuronium (Norcuron, ORG NC45) is one of two
new nondepolarizing neuromuscular-blocking drugs
that have durations of action between those of suc-
cinylocholine and pancuronium; atracurium is the
other new agent. Although part of the developmental
pharmacology was described previously,' 2 the com-
plete clinical pharmacology of vecuronium has not
been summarized. Vecuronium is compared with
three other neuromuscular blocking drugs — succi-
nylcholine, pancuronium and d-tubocurarine.

Developmental Chemistry
Savage et al® are responsible for the manipulation
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Figure 1. Comparative chemical formulas for pancuro-
nium and vecuronium.

of the steroid nucleus that resuited in the develop-
ment of many neuromuscular-blocking drugs, the
most successful being the bisquaternary pancuro-
nium (figure 1). To provide a nondepolarizing neuro-
muscular blocker with more rapid onset (which has
proven not to be the case with vecuronium) and
shorter duration of action than those of pancuronium,
the monoquaternary vecuronium was developed.
Two nitrogen atoms are required for both neuromus-
cular blockers to retain potency. Also, the acetylcho-
line fragments in ring D of both pancuronium and
vecuronium make them among the most potent of all
the steroid muscle relaxants studied.? This rigid-
trapped fragment probably interacts with the nicotin-
ic cholinergic receptor and must have a low affinity
for muscarinic receptors. Also, to provide a blocker
with little or no cardiovascular effects, the acetylcho-
line fragment at ring A in the steroid skeleton was
altered. Although both vecuronium and pancuronium
are hydrophilic, vecuronium may be slightly more
lipophilic because it is a monoquaternary rather than
bisquaternary compound. Because of this, vecuro-
nium was predicted to have a different pharmaco-
kinetic and pharmacodynamic profile than pancuro-
nium.3

Potency

The potency of vecuronium is equal to or slightly
greater than that of pancuronium; the ratio of their
potencies ranges from 1.0—1.74.4"* When dose-re-
sponse curves are constructed, the EDy, or ED,,
(dose of neuromuscular blocking drug that de-
presses twitch tension 90% or 95%) can be derived.
This dose usually provides adequate relaxation in an
anesthetized patient. However, the EDg, or ED, var-
ies depending on several factors, including the anes-

thetic and method of peripheral nerve stimulation
(e.g., single twitch tension, train-of-four). Thus the
ED,, ranges from 0.023-0.44 mg-kg-' for vecuro-
nium.4. 12

The method of constructing a dose-response
curve alters the conclusions regarding short-acting
drugs such as vecuronium more than for longer-act-
ing agents such as pancuronium. The traditional
method is to administer a single bolus of neuromus-
cular-blocking drug and to quantify the resulting neu-
romuscular blockade. One dose is given to each pa-
tient. Another method that requires fewer patients is
to determine cumulative dose-response curves.
With this method, a small dose of neuromuscular-
blocking drug is given and the resulting twitch de-
pression observed. When no further change occurs
for three or four twitches, an additional dose is given
and its effect quantified. Additional doses of neuro-
muscular-blocking drug are given until twitch height
is depressed more than 90%. If three of four doses
are given, a complete dose-response curve can be
constructed for each patient. For the longer-acting
muscle relaxants, such as pancuronium, the single-
bolus and cumulative methods of constructing a
dose-response curve produced essentially identical
results.’® For vecuronium, however, the cumulative
dose-response method produced larger ED,, val-
ues.2. ' Vecuronium probably has a larger ED,, val-
ue when the cumulative method is used because
much of the effect of the initial dose has dissipated
before the last dose is given.

Onset Time and Duration of Action

The doses of vecuronium that depress twitch
height less than 100% have onset times (time from
administration of muscle relaxant to its peak effect)
ranging from 4-8 minutes (Table 1).49.11.15-21 Be-
cause larger doses depress twitch tension 100%,
onset time appears to be shorter. For example, four
times the ED, of vecuronium has an onset time of
1.3 minutes.'” Despite markedly increasing the dose,
vecuronium never has an onset time as short as that
of succinylcholine.

Vecuronium has a duration of action (time from
vecuronium administration to 90% or 95% recovery
of control twitch tension) that is about 50-67%

Table 1. Time Course of Action of Vecuronium

Onset % Depression

Dose Time of Twitch Duration
(mg/kg) (min) Tension (min)
0.01 6.7 25 14
0.014 6.3 36 16
0.02 6.0 76 27
0.07 3.8 100 34
0.14 2.8 100 104

From reference 4.
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Table 2. Comparative Pharmacokinetics of Vecuronium and Pancuronium in Anesthetized

Humans
Renal Half-life—« Half-life—B Voo Clearance
Drug Function (min) (min) (ml/kg) (ml/kg/min)
Vecuronium Normal 8.5 80 194 3.0
Vecuronium Absent 10.5 97 239 25
Pancuronium Normal 20.0 140 260 1.8
Pancuronium Absent 12.0 257 296 0.8

Half-life—« = distribution half-life; half-life—B = elimination half-life; Vp = volume of distribution at steady state.

From references 26 and 29.

shorter than that of pancuronium.4.6.8.9.11 For doses
depressing twitch tension less than 100%, duration
of action is about 15-30 minutes.45.8.9.11.13 When
three times the ED, of vecuronium was given, dura-
tion of action was 53 and 605 minutes. When a
smaller dose of pancuronium (two times the EDg)
was given, the time from administration of muscle
relaxant to only 25% recovery of control twitch ten-
sion was over 100 minutes.?

It is not surprising that recovery time (time from
25-75% recovery of control twitch tension) was also
shorter (30-50%*.6.9-11.22) for vecuronium than for
pancuronium; these times ranged from 9-12 min-
utes for vecuronium.+-6.8.9. 19,22

Cumulative Effects

The term “cumulative effect” is often confusing
and misunderstood. Clinically, a lack of cumulative
effect usually means that the duration of action of a
given dose of neuromuscular-blocking drug does not
increase with repetitive doses. Vecuronium has little
or no cumulative effect. Fahey et al* administered a
given dose of vecuronium to patients and observed
its effect. When twitch tension had recovered to 25%
of control, the same dose was given with the same
duration of action. The same duration of action from
repeated doses implies a lack of cumulative effects.
Similar results were reported by Buzelio and
Néldge.2

Whether or not a neuromuscular-blocking drug
has a cumulative effect can be explained on a kinetic
basis. Recovery of neuromuscular function parallels
the decrease in plasma concentration. After a single
dose of vecuronium or pancuronium, plasma con-
centration falls rapidly because of redistribution from
the central to the peripheral compartment. With sub-
sequent doses, muscle relaxant in the peripheral
compartment limits this distribution phase, and the
decrease in plasma concentration results from elimi-
nation or metabolism. Thus a drug that has a slow
rate of elimination, such as pancuronium, has cumu-
lative effects. When a drug has a more rapid rate of
elimination, such as vecuronium, little or no cumula-
tive effect occurs.

Pharmacokinetics

Vecuronium has distinct pharmacokinetic proper-
ties as compared to currently used nondepolarizing
muscle relaxants. For example, unlike pancuronium,
metocurine, d-tubocurarine or gallamine, vecuro-
nium does not depend heavily on the kidney for its
elimination. Only 10-25% of an injected dose of ve-
curonium is excreted in the urine,24-26 the predomi-
nant route of elimination probably being the bile.?
Although vecuronium should be metabolized into its
3-hydroxy, 17-hydroxy and 3,17-hydroxy metabo-
lites as is pancuronium, only small amounts of these
metabolites have been detected by methods such as
thin-layer chromatography.2s The precise extent to
which vecuronium is metabolized has not been de-
termined, but apparently most of the drug excreted in
the urine and bile is unchanged.2+ 26 Further develop-
ment of a sensitive assay distinguishing parent com-
pound from its metabolites (e.g., mass spectrometry)
may allow determination of the precise amount of
vecuronium metabolized. These proposed metabo-
lites have little or no cardiovascular or neuromuscu-
lar effects, however, and therefore are of little con-
cern.27.28 In humans, vecuronium has a more rapid
clearance (5.2 = 0.7 mi*kg-""min-'; mean = SD)
and a shorter elimination half-life (71 + 20 min) than
pancuronium (1.8 = 0.4 ml*kg-"'min-'; 140 = 25
min)2® (Table 2). Thus these two characteristics are
probably due to rapid hepatic uptake and biliary ex-
cretion and probably account for the shorter duration
of action of vecuronium.

Factors that Influence the Pharmacokinetics or
Pharmacodynamics of Vecuronium

Anesthesia

Anesthetics enhance a nondepolarizing neuro-
muscular blockade in the following order: nitrous ox-
ide-narcotics < halothane < isoflurane and enflur-
ane.3® The potency of vecuronium appears to be
influenced less by the choice and concentration of
anesthetic than are the potencies of d-tubocurarine
and pancuronium. Enflurane and isoflurane aug-
ment a d-tubocurarine and pancuronium neuromus-
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cular blockade about twice as much as does an equi-
potent concentration of halothane (Figure 2).31-33 For
example, the ED,, of d-tubocurarine and pancuro-
nium is 1.70 and 0.27 mg/m2 respectively, during
isoflurane anesthesia, and 5.60 and 0.49 mg/m? re-
spectively, during halothane anesthesia.32 33 In con-
trast, the augmentation of a vecuronium-induced
neuromuscular blockade by enflurane and isoflurane
is only 20-30% greater than the augmentation pro-
duced by halothane or nitrous oxide-narcotic anes-
thesia (Figure 2).18.20.34

Changes in the end-tidal concentration of inhaled
anesthetics also have less influence on neuromus-
cular blockades produced by vecuronium than those
produced by other nondepolarizing neuromuscular
blockers. Increasing the maximum anesthetic con-
centration (MAC) from 1.2 to 2.2 decreases the ED,,
of vecuronium 51%, 33% and 18% during enflurane,
isoflurane and halothane anesthesia respectively.20
Yet the ED,, of d-tubocurarine and pancuronium de-
creased 62% and 57% respectively, for similar in-
creases in the halothane concentration, and 30%
and 70% respectively, for similar increases in the
isoflurane concentration.3s

The reasons for the potency and duration of ac-
tion of vecuronium being less influenced by the
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Figure 2. Comparison of dose-response curves of d-tu-
bocurarine and vecuronium during isoflurane (___) and
halothane (----) anesthesia (1.2 MAC concentration). Note
that the difference between halothane and isoflurane is
more with d-tubocurarine than it is with vecuronium.
(Adapted from references 20 and 32).
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choice of anesthetic and its dose or concentration
are unknown.

Age
Infants and Children

Comparing data from pediatric studies with those
from adult studies is sometimes difficult because of
different experimental conditions and methods, such
as depth of anesthesia, method of nerve stimulation
and method of constructing dose-response curves
(single-bolus vs cumulative). Despite these limita-
tions, certain conclusions can cautiously be made.

The potency of vecuronium is similar in pediatric
and adult patients. During halothane and nitrous ox-
ide anesthesia, the ED,, of vecuronium was 16.5 ug/
kg in infants (< 1 year), 19.0 ug/kg for children (1-8
years) and 15.0 ug/kg for adults (Figure 3).38 Goud-
souzian et al¥” found ED,, values of 33 ug/kg and 23
ung/kg for children (2-9 years) and adolescents (10—
17 years) respectively. The higher values in the latter
study may be partly explained by the use of the
cumulative method for producing dose-response
curves.'

The duration of a neuromuscular blockade in-
duced by vecuronium (70 uwg/kg) appears to be long-
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Figure 3. Dose-response curves for vecuronium for
three age groups. Values for adults (from reference 4)
were obtained under comparable anesthetic conditions.
Mean and standard error for twitch depression for each
dose are represented by vertical lines. (Reprinted with per-
mission. From reference 36).
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er in infants (73 = 27 min) than in children (35 = 6
min) or adults (53 + 7 min).% Goudsouzian et al*” did
not study infants but noted similar durations of action
in children and adolescents. The longer duration of
action in infants may be explained on a pharmaco-
kinetic basis. With a larger volume of distribution in
infants, more vecuronium (and d-tubocurarine3®)
would be in the peripheral compartment, inaccessi-
ble to the organs of clearance. Also, age-related
changes in biliary clearance may account for vecu-
ronium’s longer duration of action in infants.

The Elderly

D’Hollander et al® noted that less vecuronium was
required to sustain a steady state of paralysis, and
recovery from neuromuscular blockade was longer
in elderly (>60 years) than in younger patients. Rupp
et al* performed a pharmacokinetic and dynamic
study with vecuronium in elderly patients (>70
years). The plasma concentration of vecuronium re-
quired to depress twitch height 50% did not change
with age. Conversely, plasma clearance and the vol-
ume of distribution decreased in the elderly, probably
because of decreased extracellular fluid and muscle
mass. Elimination half-life did not change, however,
suggesting that neuromuscular blockade should not
be prolonged in the elderly. This contrasts with the
results of d’'Hollander et al.3® Obviously, more study
is required to define better the influence of age on the
neuromuscular blockade produced by vecuronium.

Succinylcholine

Previous administration of succinylcholine prob-
ably enhances the neuromuscular blockade from ve-
curonium.® 4! As with pancuronium42 43 and d-tubo-
curarine,*-45 however, there is lack of agreement
among investigators. D’Hollander et al*¢ found that
succinylcholine augmented both the magnitude and
duration of a vecuronium-induced neuromuscular
blockade. This augmentation occurred when vecuro-
nium was given within 30 minutes of succinylcholine
administration. Krieg et al*' noted that vecuronium
given after succinylcholine caused 19% greater de-
pression of twitch tension than did vecuronium given
without a prior dose of succinylcholine. Yet Fisher
and Miller#’ reported that prior administration of suc-
cinylcholine did not alter a vecuronium-induced neu-
romuscular blockade. Clearly, the response to ve-
curonium is dependent on the time interval between
its administration and that of succinylcholine.

Acid-Base Balance

In cats, Funk et al*®¢ demonstrated that acidosis
augmented and alkalosis lessened a vecuronium-
induced neuromuscular blockade. In humans, Gen-
carelli et al*d found that the timing of changes in end-
tidal partial pressure of carbon dioxide (Pco,) was
important as to its influence on vecuronium. During
an end-tidal Pco, of 25, 41 or 56 mm Hg, neither the
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magnitude of nor recovery time from a vecuronium-
induced neuromuscular blockade changed. When
vecuronium was infused at a constant rate and then
the end-tidal Pco, was changed, respiratory acidosis
augmented and respiratory alkalosis lessened twitch
tension (Figure 4). Thus if respiratory acidosis
occurs during vecuronium-induced neuromuscular
blockade, an augmented and proionged blockade
may result.

Cardiovascular Effects

The two major cardiovascular effects from older
nondepolarizing blockers are tachycardia (e.g., pan-
curonium and gallamine) and hypotension from his-
tamine release (e.g., d-tubocurarine and metocur-
ine). In contrast, vecuronium has few or no
cardiovascular effects. For example, Booij et al*®
gave three times the ED,, of vecuronium i.v. to dogs
and noted no change in heart rate, blood pressure
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Figure 4. The relationship between acute changes in
Pco, and subsequent changes in twitch tension in patients
receiving vecuronium. Each point represents the data for
one patient. (Reprinted with permission. From reference
49).
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and cardiac output. Marshall et al5! found that doses
of vecuronium up to 20 times greater than those
required for neuromuscular blockade produced no
cardiovascular changes in cats and dogs. Further-
more, the proposed metabolites were essentially
free of cardiovascular effects.2? Finally, vecuronium
does not release histamine.s2

Gregoretti et al53 administered vecuronium 0.1 mg/
kg i.v. to patients anesthetized with enflurane and
halothane. The only cardiovascular change was a
slight decrease in heart rate (from 76 to 63 b/min)
during halothane anesthesia; however, the control
heart rate was obtained before both vecuronium and
halothane were administered. The authors conclud-
ed that when vecuronium is used, its lack of vagolytic
activity may allow drug- or reflex-induced bradycar-
dia to occur more easily during surgery and anesthe-
sia. Yet Engbaek et al>* found no change in heart
rate, arterial blood pressures or systolic time inter-
vals from vecuronium 57 ug/kg i.v. given to patients
also anesthetized with halothane. To test severely
vecuronium’'s apparent lack of cardiovascular ef-
fects. Morris et alss gave 0.28 mg/kg (6 to 12 times
the ED,,) of vecuronium i.v. to patients anesthetized
with halothane who were about to undergo coronary
artery bypass grafting. Heart rate and arterial blood
pressure did not change. Cardiac output decreased
9% and systemic vascular resistance decreased
12%.56 Also, Gencarelli et al$¢ gave vecuronium
0.10-0.14 mg/kg as an intravenous bolus to three
patients undergoing removal of a pheochromocy-
toma; there were small increases in plasma catecho-
lamine concentrations in blood, but no change in any
measured cardiovascular variables.

Antagonism

There have been no reports of difficulty in antago-
nizing a vecuronium-induced neuromuscular block-
ade with anticholinesterase drugs. Fahey et al* found
that less neostigmine was required to antagonize a
neuromuscular blockade induced by vecuronium
than one induced by pancuronium. However, this
conclusion was based on data obtained from admin-
istration of intermittent boluses of neostigmine. Pos-
sibly because a neuromuscular blockade by vecu-
ronium would terminate spontaneously more rapidly
than one by pancuronium, less neostigmine would
be required with vecuronium. To compensate for the
possibility that this pharmacokinetic characteristic
would lessen the neostigmine requirement, Gencar-
elli and Millers” continuously infused either pancu-
ronium or vecuronium and noted no difference in the
neostigmine dose required for antagonism. They
concluded that vecuronium and pancuronium are ef-
fectively and equally (independent of their pharma-
cokinetics) antagonized by neostigmine. Baird et als8
reported that edrophonium 0.5—-1.0 mg/kg i.v. rapidly
(i.e., 1-2 min) restored a vecuronium-depressed
twitch to within 80% of control height, but that an
additional 6-8 minutes were required for complete
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restoration of neuromuscular function, as judged by
the train-of-four.

Special Clinical Situations
Cardiac Surgery and Cardiopulmonary Bypass

Because it has little or no cardiovascular effect,
vecuronium may be an appropriate neuromuscular-
blocking drug for cardiac surgery.ss Still, one must
question whether it is appropriate to rely on agents
with relatively short durations of action for a proce-
dure that requires several hours of paralysis. In other
words, why not administer metocurine or pancuro-
nium instead of vecuronium? The duration of action
of vecuronium could be extended by giving very
large doses. For example, Morris et als5 administered
0.28 mg/kg and found the duration of action to be
about 174 minutes. Also, very large doses can be
given with no cardiovascular effects.

The lack of cardiovascular effects associated with
large doses of vecuronium can be a disadvantage
with high-dose fentanyl anesthesia. Pancuronium is
commonly used because its vagolytic effect counter-
acts the tendency of fentanyl to produce bradycar-
dia. Thus when vecuronium is given with high-dose
fentanyl anesthesia (especially cardiac anesthesia),
heart rate often decreases.s®

Hypothermia and  cardiopulmonary bypass also
can affect the amount of vecuronium required for
neuromuscular blockade. Buzello et alé® compared
pancuronium and vecuronium before and after car-
diopulmonary bypass. Before bypass, pancuronium
acted about two times longer than vecuronium; how-
ever, during hypothermic bypass, the durations of
action of pancuronium and vecuronium increased
1.8- and 5-fold respectively. Thus during hypother-
mic bypass, pancuronium and vecuronium had simi-
lar durations of action. Consequently, we conclude
that hypothermic cardiopulmonary bypass is associ-
ated with a marked increase in the duration of neuro-
muscular blockade from vecuronium.

QObstetrics

Baraka et alé' gave vecuronium 0.05 mg/kg to pa-
tients undergoing cesarean section after they had
recovered from an initial dose of succinylcholine.
The mean duration of neuromuscular blockade was
19 minutes. Furthermore, Apgar scores did not differ
for infants delivered before (N = 19) and after vecu-
ronium administration (N = 19). Dailey et a2 con-
firmed that vecuronium has difficulty crossing the
placental barrier. Specifically, when a 0.04-mg/kg
dose of vecuronium or pancuronium was given to the
mother, 8.5-26.4 ng/ml and 12.2-34.2 ng/ml respec-
tively, of drug was found in umbilical cord venous
blood. The ratio of the drug concentration in umbilical
cord venous blood to that in maternal venous blood
was 0.11 for vecuronium and 0.19 for pancuronium.
In a similar study, Demetriou et ais? noted a ratio of
0.11 for vecuronium. Finally, plasma clearance of
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vecuronium is more rapid than that of pancuronium
in pregnant patients, probably because of cardiovas-
cular and fluid shifts during pregnancy.s Although
the increased clearance rate during pregnancy pre-
sumably results in a shorter neuromuscular block-
ade, this assumption has not been verified.

Renal Disease

Because vecuronium does not depend heavily on
the kidney for its elimination, duration of neuromus-
cular blockade should not be prolonged in patients
with renal failure. This conclusion has indeed been
confirmed with large doses (0.28 mg/kg)? (Tables 2
and 3).

Table 3. Pharmacodynamics of Vecuronium (0.14
mg/kg) in Patients with and without Renal Function

Onset - Recovery
Renal Time Duration Time?
Function (min) (min) (min)
Normal 2.1 103 21
Absent 1.8 104 29

From reference 26.
aDefined as time from 25-75% recovery of twitch tension.

Liver Disease

Vecuronium has a rapid hepatic uptake and is sig-
nificantly eliminated in the bile; thus one might pre-
dict that liver disease would prolong a vecuronium-
induced neuromuscular blockade. After 0.2 mg/kg
i.v. was given to patients with cirrhosis, elimination
half-life increased from 58 to 84 minutes, and plasma
clearance decreased 50%.6¢ Also, the duration of
neuromuscular blockade increased from 62 to 130
minutes.® Protein binding of vecuronium was not
altered by the presence of cirrhosis.é Thus, the du-
ration of neuromuscular blockade produced by ve-
curonium will be increased in patients with impaired
hepatic function.
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Commentaries

Commentary 1

The most unique property of vecuronium that anesthesi-
ologists should find attractive is its lack of cardiovascular
effect. Vecuronium is the first nondepolarizing neuromus-
cular blocking drug introduced into clinical practice that
has no cardiovascular effect within the entire clinical dose
range. This fact has been amply demonstrated in many
clinical studies. For this reason, vecuronium would seem
to be especially indicated in patients with severe cardiac
disorders, such as severe congestive failure, cardiogenic
shock, etc. Another indication might be in conditions of
severe hypovolemia where any vasodilator property might
precipitate hypotension or shock. The drug is not ideal for
all such situations, however. For example, many patients
undergoing cardiac surgery are receiving large doses of 8-
adrenergic blocking drugs and/or calcium channel
blockers. These individuals are commonly anesthetized
with large doses of fentanyl, which causes bradycardia. In
these situations where vecuronium is used as the neur-
omuscular blocking drug, narcotic-induced bradycardia is
unopposed and may require treatment with an anticholin-
ergic.

Another important area where vecuronium represents
an advance with respect to currently available drugs is
renal failure. It is unique among nondepolarizers in requir-
ing primarily biliary rather than renal clearance.

In general, the intermediate duration of action of vecur-
onium (between those of succinylcholine and pancuron-
ium) and its relatively rapid recovery pattern, will make it
useful for shorter operations (e.g., two hours or less). Many
anesthesiologists may find the somewhat faster onset of
action (versus pancuronium, metocurine or d-tubocura-
rine) convenient for use to facilitate tracheal intubation.

Vecuronium will probably not “replace” any current
drug. Both vecuronium and atracurium, the other interme-
diate-duration relaxant recently introduced, will add to the
anesthesiologist’s options for provision of surgical relax-
ation and find their own places in the practice of individual



