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Enzymatic Versus Pharmacologic Antagonism
of Profound Mivacurium-induced

Neuromuscular Blockade

Mohamed Naguib, M.B., B.Ch., M.Sc., F.F.A.R.C.S.I., M.D.,* Mahdi Selim, M.B., B.Ch., M.Sc.,t

Hassan S. Bakhamees, M.B., B.S., K.S.U.F.,x Abdulhamid H.
Ahmed Turkistani, M.B., B.S. ||

Background: Mivacurium, a nondepolarizing muscle relax-
ant, is hydrolyzed by butyrylcholinesterase. The use of bu-
tyrylcholinesterase for antagonism of profound mivacurium-
induced blockade has not been studied in humans. In part 1
of this two-part study, the authors examined the relationship
between the posttetanic count (PTC) and recovery from pro-
found mivacurium-induced blockade. In part 2, an attempt
was made to antagonize a quantified level of profound miv-
acurium-induced blockade using either butyrylcholinesterase,
edrophonium, or neostigmine.

Methods: Eighty-seven ASA physical status 1 or 2 adult pa-
tients were given 0.15 mg- kg ' mivacurium during fentanyl-
thiopental-nitrous oxide-isoflurane anesthesia. They were
randomly assigned to eight groups. Neuromuscular function
was monitored by recording the mechanomyographic re-
sponse of the adductor pollicis to PTC and train-of-four (TOF)
stimulation in all patients except those in group 1 where the
TOF was the only pattern used. In part 1, neuromuscular func-
tion was allowed to recover spontaneously in ten patients
(group 1; control-TOF) until TOF ratio (the amplitude of the
fourth evoked response as a fraction of the first evoked re-
sponse: T4/T1) had reached 0.75. The temporal relationship
between PTC and the first reaction to TOF stimulation was
determined in another 21 patients, and neuromuscular func-
tion in 10 of these patients was allowed to recover sponta-
neously until TOF ratio had reached 0.75 (group 2; control-
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PTC). In part 2, the antagonism of mivacurium-induced pro-
found (PTC = 1; groups 3-6) and 90% block (groups 7-8) of
twitch height were investigated in another 56 patients. Groups
3 and 7 received neostigmine 0.06 mg- kg™ whereas groups 4
and 8 received edrophonium 1 mg- kg™, respectively. Groups
5 and 6 received exogenous human butyrylcholinesterase
equivalent to activity present in 25 or 70 ml-kg™? of human
plasma, respectively.

Results: Neither butyrylcholinesterase nor edrophonium
shortened the times from first PTC response to TOF = 0.75
compared to group 2. Neostigmine resulted in prolongation
of recovery time. There was a linear relationship (r = —0.80;
P =0.00001) between PTC and time of onset of TOF response.

Conclusions: There appears to be no clinical advantage in
attempting to antagonize profound mivacurium-induced neu-
romuscular blockade. (Key words: Antagonists, enzymes;
cholinesterase: human plasma. Antagonists: edrophonium;
neostigmine; neuromuscular relaxants. Monitoring: postte-
tanic count; train-of-four. Neuromuscular relaxants: mivacu-
rium chloride.)

MIVACURIUM chloride is a bis-benzylisoquinolinium
nondepolarizing neuromuscular blocking agent that is
hydrolyzed by plasma cholinesterase (cholinesterase:
E.C. 3.1.1.8, acetylcholine acylhydrolase).' It has a
short duration of action in patients with normal plasma
cholinesterase activity. Spontaneous recovery from 90%
mivacurium block to 95% twitch height and train-of-
four (TOF) of 0.75 normally occurs within 15 min.?
These recovery times can be shortened by administra-
tion of edrophonium, neostigmine, or human plasma
cholinesterase (PCHE).?? However, in profound neu-
romuscular blockade induced by nondepolarizing
neuromuscular blocking drugs (including mivacu-
rium), when there are no detectable responses to nerve
stimulation, the administration of neostigmine or ed-
rophonium did not affect the rate of recovery.*™® Ed-
rophonium is a weaker inhibitor of plasma cholines-
terase (ICs,, the concentration producing 50% inhi-
bition = 1.4 X 107 mol - 17") than is neostigmine (ICs,
= 1.0 X 107® mol-17").” Hart et al.'® noted that ad-
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ministration of edrophonium during constant infusion
of mivacurium increases concentrations of mivacu-
rium’s two potent stercoisomers, cis-trans and trans-
trans. Bownes et al.# have shown that antagonism of
profound levels of mivacurium blockade in the cat by
plasma cholinesterase was more effective than antag-
onism by ncostigmine.

The use of PCHE for antagonism of profound miva-
curium-induced blockade has not been studied in hu-
mans. Although antagonism from such intense levels
of block is not normally recommended,”™ in certain
clinical situations it may be desired.'"'? Profound lev-
els of blockade can be quantitated using the posttetanic
count (PTC)."* A close correlation was found to exist
between PTC and recovery from profound blockade
induced by pancuronium, atracurium, and vecuron-
ium.'3-'S However, such a correlation has not been
evaluated with mivacurium. Accordingly, we under-
took a two-part study. In part 1, we examined the re-
lationship between PTC and recovery from profound
mivacurium-induced neuromuscular blockade. In part
2. we have attempted to antagonize a quantified level
of profound mivacurium-induced neuromuscular
blockade using either PCHE, edrophonium, or nco-
stigmine.

Materials and Methods

After obtaining institutional approval and informed
consent, 87 ASA physical status 1 or 2 patients of both
sexes, aged 16-52 (mean 32.1; SD 8.2) yr and weigh-
ing 43-88 (mean 67.3; SD 10.6) kg were studied. All
patients were undergoing elective procedures, had no
neuromuscular, renal, or hepatic disease, and were not
taking any drug known to interfere with neuromuscular
function.

All patients received 2 mg oral lorazepam 90 min
before surgery. An infusion of lactated Ringer’s solution
was given intravenously before induction of anesthesia.
The electrocardiogram, hemoglobin oxygen saturation
by pulse oximetry, and arterial blood pressure were
monitored. Temperature was monitored by a nasopha-
ryngeal thermistor and maintained at 36.5 + 0.5°C.
Anesthesia was induced with 2 ug-kg ' fentanyl and
3-5 mg- kg ' thiopental, and was maintained with 70%

# Bownes PB, Hartman GS, Chiscolm D, Savarese J): Antagonism
of mivacurium blockade by purified human butyryl cholinesterase
in cats (abstract). ANESTHESIOLOGY 1992, 77:A909
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nitrous oxide and 0.5-1% inspired isoflurane in oxy-
gen. Concentrations of the isoflurane, nitrous oxide,
oxygen, and carbon dioxide werce measured continu-
ously by a multiple-gas analyzer (Capnomac, Datex In-
strun‘ncmurium Corporation, Helsinki, Finland). Ven-
tilation was adjusted to maintain normocapnia (end-
tidal carbon dioxide pressure 35-40 mmHg).

Isoflurane was administered for 30 min before the
control twitch height was recorded. The ulnar nerve
was stimulated supramaximally at the wrist with square
pulses of 0.2-ms duration, delivered in a train-of-four
(TOF) sequence at 2 Hz every 12 s, using a Myotest
peripheral nerve stimulator (Biometer International,
Odense, Denmark). The resultant contraction of the
adductor pollicis muscle was recorded using a force
displacement transducer and neuromuscular function
analyzer (Myograph 2000, Biometer). Preload tension
on the thumb was maintained at 300 g throughout the
investigation.

After a stable neuromuscular response was obtained,
the patient received mivacurium 0.15 mg-kg ' intra-
venously as a free-flowing bolus dose. No patient re-
ceived additional doses of mivacurium. Tracheal in-
tubation was performed when neuromuscular response
was abolished. Four minutes after complete suppres-
sion of twitch height, the mode of stimulation was
changed to 1 Hz single twitch stimulation. After 30 s,
a tetanic stimulus (50 Hz) was applied for 5 s. Three
seconds later, the single twitch was again applied for
30 s followed by 4 min TOF nerve stimulation. This
pattern of stimulation (TOF, single twitch, tetanus,
single twitch, TOF ) was repeated until the time of ad-
ministration of the antagonist or the first evidence of
spontaneous recovery of the first twitch (T1) of the
TOF was seen. Thereafter, only the TOF pattern was
used to monitor recovery. This mode of stimulation
was used in all patients except patients in group 1 (vide
infra) where TOF was the only mode of stimulation
used throughout the study. The PTC count is defined
as the number of twitches that could be counted in the
period immediately after the tetanus.

Study Paradigm

Patients were randomly allocated to eight groups.

Part 1: Temporal Relationship between Postte-
tanic Count and the First Reaction to Train-of-Four
Stimulation and the Effect of Tetanic Stimulation
on the Recovery Indexes. In group 1 (control-TOF;
n = 10), neuromuscular function was allowed to re-
cover spontancously until TOF ratio (the amplitude of
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the fourth evoked response as a fraction of the first
evoked response: T4/T1) had reached 0.75 or higher.
No tetanic stimulation was used in this group. The tem-
poral relationship between PTC and the first reaction
to TOF stimulation was determined in another 21 pa-
tients, and the neuromuscular function in ten of these
patients (group 2) was allowed to recover sponta-
neously until TOF ratio had reached 0.75 or higher
(control-PTC; n = 10). The remaining 11 patients were
treated as if they were in group 2 but were not included
in group 2.

Part 2: Antagonism of Mivacurium-induced Pro-
found and 90% Block of Twitch Height. In groups
3-06, antagonism was attempted just after detection of
muscle contractions in response to posttetanic single
twitch stimulation (PTC = 1 or more). Groups 3 and
4 (n =10 in each) received 0.06 mg - kg neostigmine
or 1 mg-kg ' edrophonium, respectively. Groups 5
and 6 (n = 8 in each), received exogenous human
PCHE equivalent to activity present in 25 or 70
ml-kg ' intravenous human plasma, respectively.
Serum Cholinesterase P Behring was used in this study,
which is a dry concentrate of highly purified enzyme.
The contents of each vial (27-83 mg) are equivalent
in activity to 500 ml of fresh normal human plasma.
However, the cholinesterase activity is standardized by
the manufacturer. The purified human PCHE is derived
from donor plasma that is hepatitis B surfactant antigen-
negative and anti-HIV-1-negative. It is pasteurized at
60°C to inactivate DNA viruses. The risks of treatment
with purified human PCHE are considered comparable
to those associated with the administration of human
albumin. In groups 7 and 8 (n = 10 in each) antagonism
with either 0.06 mg-kg ™' neostigmine or 1 mg-kg'
edrophonium, respectively, was attempted when the
first twitch of the TOF recovered spontaneously to 10%
of control. Atropine (0.02 mg- kg"') was given to all
patients who have received anticholinesterases.

The TOF ratio was recorded continuously until the
TOF ratio recovered to 0.75 or more. Isoflurane con-
centration was maintained during antagonism. All pa-
tients were assessed in the recovery room, on admis-
sion, and at 10 min later, for signs of residual weakness
by their ability to maintain 5-s head lift, tongue pro-
trusion, and cough.

In all patients, a blood sample was taken before in-
duction of anesthesia from an antecubital vein in the
contralateral arm to that used for intravenous fluid ad-
ministration for determination of plasma cholinesterase
activity. In groups 3-8, two additional blood samples

Anesthesiology, V 84, No 5, May 1996

were taken 3 min after the administration of the antag-
onist and when the TOF ratio had recovered to 0.75.
Plasma cholinesterase activity was measured by the
change in absorbance at 600 nm after the reduction of
butyrylthiocholine to thiocholine, using du Pont Di-
mension, Clinical Chemistry System (Wilmington, DE).

Recovery times (times from first PTC response to TOF
= 0.75) were compared using analysis of variance.
Dunnett’s test was used to compare the spontaneous
recovery group (group 2; control-PTC) to each of the
other groups. Comparisons among the groups who re-
ceived different antagonists were carried out using the
Student-Newman-Keuls multiple range test. Differences
between group 1 (control-TOF) and group 2 (control-
PTC) were determined using an unpaired Student’s ¢
test. Plasma cholinesterase activity (determined from
the third blood sample) was correlated with both the
recovery index and time of recovery of T1 from 10%
to a TOF ratio of 0.75 using Pearson’s correlation coef-
ficient. All statistical analyses were carried out using
BMDP statistical software (v. 7.01, University of Cali-
fornia Press, Berkeley, CA, 1993). Unless otherwise
specified, results were expressed as means (SD), and
were considered statistically significant when the P
value was less than 0.05.

Results

Part 1: Temporal Relationship between Postte-
tanic Count and the First Reaction to Train-of-Four
Stimulation and the Effect of Tetanic Stimulation
on the Recovery Indexes. The relationship between
PTC and time to first detectable response to TOF stim-
ulation is shown in figure 1. A linear relationship fitted
the data points well (r = —0.80; P = 0.00001). This
relationship can be expressed as:

Time to first response to TOF (min) = 4.9 (SD 0.42)
— 0.42 (SD 0.07) number of posttetanic twitches.

Because of mivacurium’s short duration of action,
only one, two, or three PTC determinations per patient
could be made before the onset of TOF response. From
this graph, the expected time of onset of TOF response
can be predicted from the PTC.

Tetanic stimulation altered the subsequent neuro-
muscular responses. Recovery times of T1 from 10%
of control tension to a TOF ratio of 0.75 were shorter
(P <0.01) in group 2 (control-PTC) as compared to
group 1 (control-TOF; table 1). Further, T1 and TOF
recovery (figs. 2 and 3) were significantly less in the
latter group as compared to group 2 (control-PTC).
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Table 1. Plasma Cholinesterase Activity, First Twitch, and Train-of-Four Recovery

PCHE Activity
(first assay)®

(reference range = 7-19

Times to T1 Recovery (min)

Group n units -ml™") 25-75% 10-95% 10%, TOF = 0.75
Group 1 (control, TOF) 10 14.5 (1.8) 7.9 (4.1) 14.7 (5.4) 16.2 (4.4)
Group 2 (control, PTC) 10 13.1.(1:2) 5.7 (1.1) 11.1 (1.9) 10.4 (1.5)
Pt 0.06 0.12 0.08 0.0021

Data are mean (SD)

PCHE = plasma cholinesterase; T1 = first twitch: TOF = train-of-four; PTC = number of posttetanic responses.

* Blood sample was taken before induction of anesthesia
t Unpaired Student’s t test.

Therefore, the control-PTC group was the control group
used for comparisons with the other groups.

Part 2: Antagonism of Mivacurium-induced Pro-
found and 90% Block of Twitch Height Bascline

5 o @ (0]
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R = -0.80
P = 0.00001
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Number of posttetanic twitches (PTC)

Fig. 1. Relationship between minute to first reaction to train-
of-four nerve stimulation and number of posttetanic responses
in 21 patients. The fitted regression line and 95% confidence
intervals are given.

Ancesthesiology, V 84, No 5, May 1996

activity of PCHE was similar and within the normal
range in all groups (reference range 7-19 units-ml
table 2).

Human plasma cholinesterase activities measured in
the second and third assays were similar. Values of the
latter assay are shown in table 2. The activity in the
third assay was greatest (P < 0.01) in patients who
received exogenous PCHE (groups 5 and 6) as com-
pared to all other groups. Administration of exogenous
PCHE equivalent to activity present in 25 ml-kg 'or
70 ml- kg ' of human plasma resulted in 81.2 (24.4)%
and 131.6 (33.6)% increase in the baseline PCHE ac-
tivity (table 2) in groups 5 and 6, respectively. After
neostigmine, PCHE activity decreased markedly (>
90%; P < 0.01 vs. other groups).

The final T1 recovery was always within 10% of the
initial control value. The times taken for first PTC re-
sponse to TOF = 0.75 were significantly longer in pa-
tients who received neostigmine for antagonism of
profound block induced by mivacurium (group 3) as
compared to the control group (group 2, control-PTC;
table 2). Likewise, recovery times were longer in group
3 as compared to patients who received edrophonium
or PCHE at profound block (groups 4 and 6) or phar-
macologic antagonism at 10% recovery of T1 (groups
7 and 8).

Figures 4 and 5 show first twitch height and TOF
ratio recovery characteristics in each group after ad-
ministration of mivacurium. At 25 and 30 min, first
twitch recovery was less (P < 0.05) in those patients
who received neostigmine at profound mivacurium
block (group 3) than those in groups 2, 5, 0, 7, and
8. At these times, TOF ratio was significantly less in
group 3 than that observed in groups 4-8.

There was a significant negative correlation be-
tween both the recovery index (r = —0.33; P~
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Fig. 2. Mean (+SD) first twitch recovery (% control) in the
control groups. The use of tetanus in the stimulation sequence
used for determination of posttetanic count resulted in an
apparent greater recovery (i.e., underestimation of the block)
of the first twitch in the control-posttetanic count group com-
pared to the control-train-of-four group. *P < 0.05.

0.012) and time of recovery of T1 from 10% of con-
trol to a TOF = 0.75 (r = —0.47; P = 0.0002) and
plasma cholinesterase activity as measured in the
third assay.

Administration of PCHE equivalent to activity present
in 70 ml- kg~ ' of human plasma as an intravenous bolus
resulted in a transient (<2 min) reduction in the mean
arterial blood pressure (—10.3 (SD 6.4)%; P=0.014;
paired ¢ test) from the preinjection value. This was
associated with 8.7 (11.7)% increase in the heart rate
(P = NS) from the preinjection value. These changes
were not observed after the use of PCHE in doses
equivalent to activity present in 25 ml- kgfl of human
plasma. There were no systematic differences in isoflu-

Ancslhcsiolng)\ V 84, No 5, May 1996

rane concentration among the groups studied and it
did not vary within an individual patient. There was
no indication of delayed weakness in the recovery room
after anesthesia.

Discussion

The current study has demonstrated that, in patients
with normal PCHE activity, there was no clinical ad-
vantage in attempting to antagonize profound miva-
curiun-induced neuromuscular blockade by adminis-
tration of either PCHE, edrophonium, or neostigmine.
Furthermore, attempted antagonism of profound
blockade with neostigmine (group 3) resulted in
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Fig. 3. Mean (* SD) train-of-four ratio recovery in the control
groups. The use of tetanus in the stimulation sequence used
for determination of posttetanic count resulted in an apparent
greater recovery (i.e., underestimation of the block) of train-
of-four ratio in the control-posttetanic count group compared
to the control-TOF group. *P < 0.05.
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ANTAGONISM OF PROFOUND MIVACURIUM BLOCKADE
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Fig. 4. Mean (£SD) first twitch recovery (% control) in each
group.

The preparation of PCHE used by Bownes et al.# was
different from that used in this study (Savarese JJ; per-
sonal communication). They noted, in cats, that 12.5
mg of their preparation significantly shortened the re-
covery times.# Although they did not measure the in-
creases in PCHE activity, the same group reported in
another study that 9.2 mg of this preparation rcsulte}d
in a 269-fold increase in baseline activity of PCHE.*
The doses of PCHE used in this study (equivalent to
activity present in 25 ml-kg ' or 70 ml - kg ! of human
plasma) resulted in 81.2 (24.4)% and 131.6 (33.6)%
increase in the baseline PCHE activity, respectively
(table 2). These doses in a 65-kg patient represent, on
average, the equivalence of PCHE activity of 1625 and
4550 ml of adult human plasma, respectively. How-
ever, the increase in PCHE activity noted in this study
was not sufficient to produce significant acceleration
of recovery variables as compared to the control group

Anesthesiology, V 84, No 5, May 1996

(table 2). It is possible that increasing the doses of
PCHE further might have enhanced the recovery of
profound mivacurium-induced blockade. However, the
limitations of this approach are the cost® and the un-
desirable effects on the hemodynamic variables, as
noted in this study.

The doses of neostigmine and edrophonium used in
this study were equipotent (during nonsteady-state
conditions).? Edrophonium has been shown to be less
effective than neostigmine in the antagonism of pro-
found blocks induced by vecuronium,* atracurium,* or
pancuronium.?> However, our findings indicate that
edrophonium was more effective than neostigmine in
antagonizing profound mivacurium-induced block.
This can be explained by the finding that neostigmine
(but not edrophonium) significantly inhibited PCHE
activity (table 2). In addition, neostigmine has a more
prolonged and profound effect on mivacurium elimi-
nation.”® Administration of either edrophonium'® or
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Fig. 5. Mean (£SD) train-of-four ratio recovery in each group.
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neostigmine”” during constant infusion of mivacurium
resulted in increase in plasma mivacurium concentra-
tions. However, 8 min after antagonism, edrophonium’s
effect on mivacurium elimination had resolved whereas
the effect of neostigmine persisted (and increased).
Further, neostigmine, by its direct agonistic cffects,
might block acetylcholine receptor-operated ion chan-
nel.?” Although it has been reported that, during pro-
found mivacurium-induced blockade, edrophonium
was a more effective antagonist than neostigmine when
antagonism was attempted at a PTC of 0, yet, contrary
to our results no difference was detected when antag-
onism was attempted after detection of PTC.?

Our results show a definite correlation between PTC
and the time of onset of the TOF response (fig. 1). The
response to posttetanic twitch stimulation appeared,
on average, 4.5 min before the first detectable response
to TOF stimulation. The relationship between PTC and
TOF found with mivacurium (in this study) differs from
that present during the neuromuscular blockade in-
duced by atracurium and vecuronium.'*'”> During ox-
ygen-nitrous oxide-halothane anesthesia, a PTC of 2
during intense blockade caused by atracurium or ve-
curonium would indicate that the first response to TOF
would appear, on average, in 7 min.'*"> However, we
found in this study that during mivacurium-induced
blockade, a PTC of 2 indicated that the first TOF re-
sponse will appear, on average, in 4 min.

We showed that, under the conditions of our study, nei-
ther human PCHE nor edrophonium will rapidly antago-
nize profound neuromuscular blockade induced by miv-
acurium. Administration of exogenous PCHE equivalent
to activity present in 25 or 70 ml-kg ' of human plasma
resulted in 81.2 (24.4)% and 131.6 (33.6)% increase in
the baseline PCHE activity, respectively. Neostigmine pro-
duced a significant decrease in PCHE activity and prolon-
gation of recovery times. There appears to be no clinical
advantage in attempting to antagonize profound mivacu-
rium-induced neuromuscular blockade. Our results also
showed a definite correlation between PTC and the time

of onset of the TOF response as well as that tetanic stim-
ulation itself influences recovery from a nondepolarizing
ncuromuscular blockade induced by mivacurium.
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