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Can Early Administration of Neostigmine, in Single or Repeated

Doses, Alter the Course of Neuromuscular Recovery from a

Vecuronium-induced Neuromuscular Blockade?

Toni T. Magorian, M.D.,* Daniel P. Lynam, M.D.,t James E. Caldwell, F.F.A.R.C.S.,1 Ronald D. Miller, M.D.%

The authors sought to determine whether neostigmine, given at
a time when no response to peripheral nerve stimulation could be
elicited, hastened recovery from a vecuronium-induced neuromus-
cular blockade (NMB). The effect of neostigmine (70 ug/kg) in an-
tagonizing a profound (no-twitch) vecuronium-induced (0.1 mg/kg)
NMB in 40 healthy patients was studied. Patients were randomly
assigned to one of four groups specifying the sequence of neostigmine
administration. Fifteen minutes after the administration of vecu-
ronium, when there was no detectable twitch response, each patient
feceived either neostigmine (70 ug/kg) with glycopyrrolate (15 ug/
kg) or an equivalent volume of normal saline (placebo). When T1
(the first response in the train-of-four [TOF] sequence) recovered to
10% of control, patients again received either neostigmine with gly-
copyrrolate in the same doses as before or the placebo. The following
variables were measured: times from vecuronium irijection until T1
recovered to 10% (t [10]) and 90% (t [90]) of coritrol, and time until
the TOF ratio was equal to 75% (t [TOF75]). Mean values of t (90)
and t (TOF75) were shorter (54.7-75.2 min and 60.4-79.5 min, re-
spectively) for the three groups who received neostigmine as com-
pared with patients who received two doses of placebo (104.3 and
122.6 min, respectively). There were no differences in the t (90) and
t (TOF75) values among the three groups who received neostigmine.
The authors concluded that the total time to achieve adequate re-
covery of neuromuscular function is the same whether neostigmine
(70 pg/kg) is administered 15 min after vecuronium (0.1 mg/kg) or
whether neostigmine is given when T1 has recovered to 10% of con-
trol. Furthermore, a second dose of neostigmine (70 ug/kg) neither
hastens nor prolongs recovery. Thus, recovery time from a profound
vecuronium-induced NMB can be shortened with the administration
of neostigmine given before spontaneous recovery, and repeated
administration of neostigmine does not alter the course of recovery.
(Key words: Anesthetics, volatile: isoflurane. Antagonist: neostig-
mine; neuromuscular relaxants. Measurement techniqueés: neuro-
muscular blockade. Neuromuscular relaxants: vecuronium.)

IN CLINICAL PRACTICE, the anesthesiologist may be faced
with the problem of antagonizing a neuromuscular block-
ade (NMB) when there is no muscle response to stimu-
lation of the ulnar nerve. The rate of recovery of neu-
romuscular function is related to the percent of recovery
at the time reversal is administered; this has been dem-
onstrated for many of the nondepolarizing muscle relax-

* Research Fellow, Department of Anesthesia.

+ Assistant Professor of Anesthesia.

} Professor and Chairman, Department of Anesthesia, Professor of
Pharmacology.

Received from the Department of Anesthesia, University of Cali-
fornia, San Francisco, California. Accepted for publication April 19,
1990. Supported in part by a grant from the UCSF Academic Senate
and NIH R01 GM 26403-09.

Address reprint requests to Dr. Magorian: Department of Anesthesia,
University of California, San Francisco, San Francisco General Hospital,
35850, 1001 Potrero St., San Francisco, California 94110.

ants.!~4 It is unclear, however, whether administration of
an antagonist before any evidence of spontaneous recov-
ery results in an altered recovery time. Caidwell ef al®
showed that a vecuronium-induced NMB can not be rap-
idly antagonized by neostigmine when given 5 min after
the onset of NMB (recovery took >40 min). At the other
extreme, several investigators showed that NMB can be
rapidly reversed if rieostigmine is given when control
twitch tension has returned to 10% or greater.®~?

No study has examined the period between 5 and 40
min after onset of NMB. This has practical application
because surgical requirements for muscle relaxation can
suddenly change, leaving the anesthesiologist in the awk-
ward position of needing to rapidly reverse the NMB soon
after a dose of muscle relaxant has been given. We there-
fore sought to compare neostigmine antagonism at two
levels of NMB: the first occurring at a pre-specified time
after vecuronium administration (resembling the clinical
situation of the conclusion of surgery and no detectable
muscle twitch) and at 10% recovery of control twitch ten-
sion. Our aim was to determine whether neostigmine
given before evidence of spontaneous recovery could ad-
equately antagonize a profound vecuronium-induced
NMB and to determine if giving a second dose of neo-
stigmine had any effect on the rate of recovery of neu-
romuscular function.

Materials and Methods

After approval from our institution’s Committee on
Human Research, written informed consent was obtained
from 40 ASA Physical Status I or II patients who were
aged 18-64 yr and who presented for elective surgery.
Patients were excluded from the study if evidence of renal,
hepatic, cardiovascular, or neuromuscular disease existed.

Preanesthetic medication consisted of midazolam
(0.02-0.05 mg/kg iv); anesthesia was induced with thio-
pental (2-7 mg/kg iv) or isoflurane (1-3%) inspired con-
centration. Tracheal intubation was accomplishéd without
neuromuscular blocking drugs. Following endotracheal
intubation, anesthesia was maintained with isoflurane
(0.7-0.9%) and 60% N3O (end-tidal concentration as
measured by mass spectrometry). Fentanyl (1-5 ug/kg
iv) was given as needed to ensure adequate anesthetic
depth and hemodynamic stability. Ventilation was con-
trolled to maintain end-tidal Pco, at 35-40 mmHg.
Esophageal temperature was maintained at 36°-37.5° C
by surface warming. A Grass (Grass Medical Instruments,
Quincy, MA) S88 nerve stimulator delivered supramax-
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imal, square-wave impulses of 0.2-msec duration in a train-
of-four (TOF) sequence (2 Hz) via 27-G needles placed
subcutaneously near the ulnar nerve at the wrist. Trains
of stimuli were repeated at intervals of 15 s, and the
evoked mechanical response of the adductor pollicis mus-
cle was measured by a force-displacement transducer
(Professional Instruments® APM-X) and displayed on a
polygraph. When the amplitude of the first twitch re-
sponse of each train-of-four (T1) reached a plateau and
stabilized, it was used as the control to which all subse-
quent responses were compared.

Twenty minutes after stable anesthetic conditions and
baseline neuromuscular measurements were recorded,
each patient received an iv bolus of vecuronium (0.1 mg/
kg). Fifteen minutes after receiving vecuronium (and
when no twitch response was detectable), patients were
given drug 1: either normal saline (placebo) or neostig-
mine (70 pg/kg) with glycopyrrolate (15 ug/kg), de-
pending on their group assignment. When the amplitude
of the first twitch in the TOF sequence (T1) had recovered
to 10% of control, patients received drug 2: either placebo
or neostigmine (70 ug/kg) with glycopyrrolate (15 ug/
kg; fig. 1, Experimental design).

Patients were randomly assigned to one of four study
groups (10 patients per group) as follows.

Group 1. Placebo/Placebo (PP). Patients received the
placebo (normal saline, iv bolus) 15 min after vecuronium
(0.1 mg/kg, iv bolus) and again when T1 recovered to
10% of control. This group received no neostigmine and
thus served as the control group.

Group 2. Placebo/Neostigmine (PN). These patients
received the placebo 15 min after receiving vecuronium
and neostigmine (70 ug/kg) with glycopyrrolate (15 ug/
kg, iv bolus) when T1 recovered to 10% of control.

Group 3. Neostigmine/Placebo (NP). This group re-
ceived neostigmine (70 ug/kg) with glycopyrrolate (15

FIG. 1. Experimental design:
twitch tension versus time.
Twenty minutes after stable an-
esthetic conditions and baseline
neuromuscular measurements,

Thiopental 2-7 mg/kg
Isoflurane 1-3%
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ug/kg) 15 min after vecuronium and the placebo when
T1 recovered to 10% of control.

Group 4. Neostigmine/Neostigmine (NN). Patients in
this group received neostigmine (70 ug/kg) with glyco-
pyrrolate (15 ug/kg) 15 min after receiving vecuronium
(0.1 mg/kg) and again when T1 recovered to 10% of
control.

The following recovery variables were recorded: t (10)
= time from vecuronium injection until T1 had returned
to 10% of control; t (90) = time from vecuronium injec-
tion until T1 returned to 90% of control; t (10-90% [re-
covery rate]) = time from 10-90% recovery; t {TOF75)
= time from vecuronium injection until TOF ratio was
equal to 75%.

Means and standard deviation were calculated for each
group and recovery time (table 1). Differences between
mean recovery times for each recovery variable were an-
alyzed for each group by one way analysis of variance.
Paired comparisons were then made for each group and
recovery variable using Student-Newman-Keuls test for
multiple comparisons (table 2). Differences were consid-
ered significant at P < 0.05. Power analysis indicated that
the number of patients studied was sufficient to detect a
20% change in mean recovery times.'°

Results

The four groups of patients did not differ significantly
with respect to age, body weight, or gender. Their mean
age and body weight were 34.5 + 11.6 (SD) yr and 75.1
+ 14.4 (SD) kg.

All three groups receiving neostigmine (PN, NP, NN)
had shorter times to recovery (t [90], 54.7-75.2 min; t
[TOF75]}, 60.4-79.5) than the PP group who received
two doses of placebo (t [90], 104.3 min; t [TOF75], 122.6
min; table 1 and fig. 2). The group with the longest re-
covery times for t (90) and t (TOF75) was PP (fig. 2). No

each patient received vecuron- <
ium 0.1 mg/kg iv bolus. Fifteen
minutes after receiving vecu-
ronium, patients were given
drug 1, which was either normal

P |

Vecuronium
0.1 mg/kg Drug 1 Drug 2

"<——15 min—»i l

saline (placebo) or neostigmine 7

70 upg/kg with glycopyrrolate
15 ug/kg, depending on their
group assignment. When the
amplitude of the first twitch in
the train-of-four sequence had

90%

TWITCH TENSION

recovered to 10% of control
twitch, patients received drug 2,
which was either placebo or
neostigmine (70 ug/kg) with
glycopyrrolate (15 ug/kg).

Recovery Rate
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TABLE 1, Mean Recovery Times by Group
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Group n 1(10) 1(90) 1(10-90%) t(TOF75)
Placebo/placebo 10 41.3 (11.8) 104.3 (28.1) 62.61 (19.3) 122.6 (39.4)
[22-48] [52-148.8] [29.6-87] (69.6-207]

Placebo/neo 10 44.4 (21.31) 54.7 (22.7) 10.4 (7.8) 60.4 (21.8)
[16.8-86.6] [29-104] [1.8-27] [37-104.6]

Neo/placebo 10 91.4 (4.8) 75.2 (22) 54.7 (19.4) 79.5 (24.7)
[16-29.6] [41.4-112.8] [25.4-83.2] [44-119.4]

Neo/neo 10 922 (5.6) 72 (37.9) 48.6 (35.7) 71.5 (32.5)
[16-31.6] [18.8-110.8] [2.8-115.4] [23.5-103.4]

Values shown are mean, SD (in parentheses), and range (in brackets).
Recovery variables: t(10) = time from administration of vecuronium
to 10% recovery of control twitch tension; t(90) = time from admin-
istration of vecuronium to 90% recovery of control twitch tension;

significant differences were found among the groups who
received neostigmine for recovery to t (90) or to recovery
of t (TOF75; table 2).

The NP and NN groups reached t (10) more rapidly
(21.4 and 22 min vs. 41.3 and 44.4 min, respectively)
than the groups that did not receive neostigmine before
evidence of spontaneous recovery (fig. 2). There were no
differences in recovery between the NN and NP groups.

The PN group had the most rapid recovery rate from
10-90% (fig. 3). The slope of the recovery rate (10-90%)
for the PP group was similar to the NP and the NN groups
but occurred at a later time.

Discussion

The principal finding of this study was that there were
no differences in recovery among the three groups of
patients who received neostigmine. We demonstrated
that, under the conditions of our study, the time from t
(10-90) is not shortened by early administration of neo-
stigmine; thus, recovery to t (90) or (TOF75) is the same

B Placebo/Placeba
Placebo/Neo
Neo/Placabo
Neo/Neo

Minutes

t (TOF75)

t(10) t(90)

Recovery Variables

F1G. 2. Group comparison: times to recovery. Recovery from neu-
romuscular blockade as a function of time from administration of ve-
curonium by treatment group. All results are mean (£SD) times to
recovery as a percentage of control muscle twitch t(10) is the time from
vecuronium administration to 10% recovery of control twitch tension;
t(90) is the time from administration of vecuronium to 90% recovery
of control twitch tension; and t(TOF75) is the time from administration
of vecuronium to achieving a ratio of 75% of the last twitch to the first
twitch in the train-of-four.

t(10-90%) = time from recovery of 10-90% of control twitch tension;
(TOF75) = time to achieving for ratio of 756% fourth to first twitch
in the train-of-four stimulation.

for all three groups regardless of when neostigmine is
given or whether a second dose is given.

This study addressed the clinical problem of antago-
nizing a profound NMB. We defined a profound NMB
as one that yields an undetectable response from TOF
stimulation of the ulnar nerve. Our study design was cho-
sen to determine which of several clinical options results
in the most rapid and reliable antagonism from a vecu-
ronium-induced NMB. Previous investigators examined
the effects of neostigmine antagonism once recovery had
begun to occur! %! or in the time period immediately
after vecuronium administration.” None of these repre-
sent the clinical situation our study attempted to address.
We chose to give neostigmine 15 min after vecuronium
administration because it represents a clinically relevant
time period during NMB: when no evidence of recovery
has occurred, but sufficiently after the initial muscle re-
laxant administration, thereby simulating the common
problem of a profound NMB at the conclusion of surgery.
Although this model may not represent the same block

TABLE 2. Multiple Comparisons by Group
for Each Recovery Variable

Statistical Significance by Recovery Variables
Group Comparison (10} 1(90) 1(10-90%) (TOF750)
PP us. PN NS <0.05 <0.05 <0.05
PP vs. NP <0.05 <0.05 NS <0.05
PP us. NN <0.05 <0.05 NS <0.05
PN us. NP <0.05 NS <0.05 NS
PN vs. NN <0.05 NS <0.05 NS
NP vs. NN NS NS NS NS

Statistical significance was defined as P < 0.05. P values for each
group comparison were calculated with the Student-Newman-Keuls
test for multiple comparisons.

PP = placebo/placebo; PN = placebo/neostigmine; NP = neostig-
mine/placebo; NN = neostigmine/neostigmine.

Recovery variables: t(10) = time from administration of vecuronium
to 10% recovery of control twitch tension; t(90) = time from admin-
istration of vecuronium to 90% recovery of control twitch tension;
t(10-90%) = time from recovery of 10-90% of control twitch tension;
t(TOF75) = time to achieving ratio of 75% for fourth to first twitch
in the train-of-four stimulation.
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F1G. 3. Recovery rate 10-90%. Recovery from neuromuscular
blockade as a function of time from 10 to 90% of control twitch. Results
are mean * SD for each group.

that results from multiple doses given during a long an-
esthetic, it allows comparisons of neostigmine antagonism
at two levels of recovery under standard anesthetic con-
ditions.

We assessed the level of NMB following vecuronium
administration by measuring the response to TOF stim-
ulation. We chose to monitor TOF ratio and not post-
tetanic count'®'? because of the effect of tetanus on the
neuromuscular junction. Tetanic stimulation causes an
increase in synthesis and mobilization of acetylcholine that
persists for several minutes and modifies the response to
TOF stimulation.'* Therefore, we did not attempt to
quantify the level of NMB following vecuronium admin-
istration until recovery of TOF responses occurred. Be-
cause patients were assigned to study groups randomly,
however, the level of recovery of patients in the groups
15 min after vecuronium administration should be com-
parable.

In an earlier study, Caldwell e al.® measured recovery
in patients who had received either atracurium or vecu-
ronium and reported mean recovery times from vecu-
ronium to TOF70 of 43.5 and 66.7 min in patients who
received neostigmine (70 ug/kg) and no antagonist, re-
spectively. In the current study, our mean recovery time
to TOF75 was 60.4-79.5 min in patients receiving neo-
stigmine. Our longer recovery times may be explained by
several factors: 1) different starting points for measuring
recovery were used (Caldwell measured time from 5 min
after establishing vecuronium NMB to recovery, and we
measured time from administration of vecuronium to re-
covery); 2) end-points of recovery were different (TOF70
vs. TOF75); and 3) different inhaled anesthetics were used
(halothane vs. isoflurane; Rupp et al. demonstrated that
isoflurane augments a vecuronium-induced NMB more
than halothane!5).

Our data are consistent with Caldwell et al.® in that
neostigmine does not rapidly antagonize a profound NMB
as neither study demonstrated recovery in less than 40
min. Also of note is that our data represent antagonism
in the presence of relatively high concentrations of iso-
flurane. In the clinical setting of attempting antagonism
at the end of surgery, recovery is likely to be more rapid
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because of the decreasing concentration of isoflurane.
However, stable isoflurane concentration was necessary
for the purposes of this study to adequately control for
the effect of isoflurane on neuromuscular transmission,

Neostigmine itself can cause a depolarizing NMB.
Payne et al. found that patients who were anesthetized
with nitrous oxide/narcotics and who had received no
muscle relaxants had a reduction in their peak tetanic
contraction and a severe fade when given neostigmine.'$
These effects lasted 20 min after one and two doses of
neostigmine (2.5 mg each). In our study, the group that
received two doses of neostigmine (NN) showed no evi-
dence of depressed neuromuscular function or prolon-
gation of recovery; however, this may be explained by
the different modes of detecting recovery (T'OF vs. tetanic
stimulation), If neostigmine potentiates an NMB, we were
unable to demonstrate such an effect by our methodology.

Alternatively, recovery may be hastened if small doses
of neostigmine are given before a larger dose as in a prim-
ing effect.'”'® Comparisons with these studies and the
current one are at best speculative since different doses
of neostigmine (50 vs. 70 pg/kg) and different muscle
relaxants (atracurium vs. vecuronium) were used. Also,
the time interval between the two doses in our study was
approximately 4-6 min rather than the 1-3 min time in-
terval that Naguib and Abdulatif found to be optimal in
accelerating recovery. In addition, these studies attempted
initial antagonism at 10% twitch recovery. Most recently,
Donati et al. found that there was no difference in response
to single twitch or TOF stimulation in patients given single
versus priming doses of neostigmine to reverse an atra-
curium NMB at 1% twitch height recovery.'® Our results
are similar because we found no evidence of a hastened
recovery in the NN group. In fact, the NN and NP group
had similar recovery patterns (fig. 4), and it appears that
the second dose of neostigmine had no effect on the neu-
romuscular junction. We speculate that this lack of effect
was because the initial dose of neostigmine had produced
maximal inhibition of the acetylcholinesterase; therefore,
further inhibition by the second dose of neostigmine was
not possible. Our results are consistent with those of Jones
et al. who gave patients two doses of neostigmine of 2.5
mg/kg to antagonize a 50% and 90% NMB. These au-
thors also found no effect on neuromuscular recovery
following the second dose of neostigmine.?’

In summary, we showed that time from vecuronium
injection to TOF75 is the same regardless of when an-
tagonism is attempted. Nonetheless, there does not appear
to be any advantage in giving neostigmine before the onset
of spontaneous recovery. Indeed, there may be disadvan-
tages since the predicted response for individual patients
is quite variable. The advantage of giving neostigmine
after beginning spontaneous recovery is the facilitation
of measurement of a more readily observed response.
There appears to be no benefit in administering repeated
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Fi1G. 4. Group compari-
son: recovery patterns for
each group. Twitch tension

T90

60

20 -

is correlated with time after
vecuronium administration.
Note that although their
initial recovery rates were
different, all neostigmine
groups had recovered com-
pletely at similar times, un-
like placebo (i.e., all neostig-
mine groups reached t(90) at
similar times). However, the
recovery pattern differed
among the four groups. The
most rapid response was
seen in the placebo/neo
group, in which spontaneous
recovery occurred to 10% of

Placebo/Placebo
Placebo/Neo
Neo/Placebo
Neo/Neo

0 10 15 20 30 40 50 60 70 80 90 100110120130

Time from vecuronium administration in minutes

control twitch tension prior
to administration of neo-
stigmine. The curves for the
neo/placebo and neo/neo

groups are similar to the placebo/placebo curve but shifted to the left, implying that neostigmine has an initial effect and then further recovery
parallels spontaneous recovery. Further, the recovery patterns for the groups that received neostigmine prior to spontaneous recovery (neo/
placebo, neo/neo) were indistinguishable from each other, suggesting that the second dose of neostigmine had no apparent effect on recovery.

doses of neostigmine in the presence of a profound ve-
curonium-induced NMB.

The authors wish to express their appreciation to Cedric R. Bainton,

M.D., for his editorial contributions in the writing of this manuscript.
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