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The dose-response relation of pipecuronium bromide, the 
time course of its neu romuscular blocking effects, and the 
reversibility of the residual block by neostigmine and edro- 
phonium have been investigated in patients undergoing 
various types of anesthesia. The estimated doses of pipecu- 
ronium required for 95% depression of the twitch height 
were 44.6, 46.9, and 48.7 ggk8-I during anesthesia with 
nitrous oxide (65%) and isoflurane (group I), halothane 
(group 2), or droperidollfentanyl (group 3), respectively. 

The potentiating effects of the volatile anesthetics were 
reflected by the significant prolongation of the duration of 
both initial (50.0 ? 4.3, 36.0 & 3.3, and 29.0 & 2.0 
minutes) and maintenance doses (56.0 f 2.5, 49.5 2 3.3, 
and 41.2 f 2.6 minutes) of pipecuronium during anesthe- 
sia with nitrous oxide and isoflurane, halothane, or dro- 
peridollfentanyl, respectively. Both edrophonium chloride 
(0.5 mg.kg-') and neostigmine methylsulphate (40 
pgkg-') promptly reversed the residual block induced by 
pipecuronium. No side effects attributable to pipecuronium 
were seen in this study. 
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Pipecuronium bromide (hereafter referred to as pipe- 
curonium) is a new, long-acting, neuromuscular 
blocking agent with a chemical structure similar to 
that of pancuronium. The pharmacologic profile of 
pipecuronium has been extensively studied by KBr- 
pBti and Bird (l), and the first clinical results were 
reported by Boros et al. (2,3) and Tassonyi et al. (4). 
Based on results from these studies, it appears that 
the administration of pipecuronium is not followed 
by either release of histamine or circulatory side 
effects, such as tachycardia and/or hypotension. The 
present report describes the results of clinical trials 
designed to evaluate potency, time course of action, 
and reversibility of the pipecuronium-induced neuro- 
muscular blockade in patients having anesthesia with 
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nitrous oxide and either isoflurane, halothane, or 
droperidol and fentanyl. 

Patients, Materials, and Methods 
Patients 
This open clinical trial was approved by the Medical 
Ethical Committee of the University Hospital of Gro- 
ningen. Sixty-three ASA physical status 1 and 2 
patients, 20 to 60 years of age, scheduled for elective 
gynecologic or orthopedic operations, gave their con- 
sent to participate in the study. Excluded from the 
study were patients with known kidney, liver, or 
neuromuscular disorders or those taking any medi- 
cation known to interfere with the action of neuro- 
muscular blocking agents. 

Anesthesia 
Address correspondence to Dr. Wierda, University Hospital, 

Institute for Anesthesiology, P.O. Box 30.001,9700 RB Groningen, 
The Netherlands. 

All patients were premeditated with Oral diazepam 
(0.15 mg.kg-') given approximately 60 minutes be- 
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fore the expected induction of anesthesia. Depending 
on the anesthesia technique employed, the patients 
were randomly assigned into three groups to receive 
anesthesia with nitrous oxide and either isoflurane, 
halothane, or droperidoYfentany1. In patients receiv- 
ing isoflurane (n = 22) or halothane (n = 21), anes- 
thesia was induced with 3-5 mgkg-' thiopental 
intravenously (IV). Thereafter, the patient's lungs 
were ventilated using a face mask with nitrous oxide/ 
oxygen (in a ratio of 2 to 1) to which either isoflurane 
or halothane was added in gradually increasing in- 
spired concentrations up to 3% isoflurane (Fortec@ 
vaporizer Cyprane, Keighley, U.K.) or 2% halothane 
(Fluotec@ vaporizer Cyprane, Keighley, U.K.) prior to 
tracheal intubation. Thereafter, anesthesia was main- 
tained with 0.8 to 1.5% isoflurane or 0.5 to 1.0% 
halothane, according to the need of the patient until 
the end of the surgical procedure. 

In patients having neurolept anesthesia (n = 20), 
anesthesia was induced with droperidol (0.15-0.3 
mgkg-' IV), followed 4 to 6 minutes later with 
fentanyl (3 to 9 pg.kg-' IV) and, immediately before 
intubation, thiopental (2 to 3 mgkg-' IV) was in- 
jected. During induction, the patients lungs were 
ventilated with 35% oxygen in nitrous oxide. 

The induction of anesthesia was followed by the 
dose-response part of the study, after which the 
administration of ipecuronium was completed to a 
total of 50 pg.kg-! After 2 minutes, tracheal intuba- 
tion was performed, preceded by topical administra- 
tion of 4% lidocaine. 

Monitoring 
In all patients the electrocardiogram, blood pressure, 
heart rate, and end-tidal COz (Capnograph Mark 11, 
Gould-Godard, Cleveland, Ohio) were monitored 
during anesthesia. Esophageal temperature was 
maintained at ?37T by means of a warming mattress 
and warmed inspired anesthetic gases. 

Isometric measurement of the indirectly evoked 
twitch height was started after induction of anesthe- 
sia. A Grass S88 peripheral nerve stimulator (Grass 
Instruments, Quincy, Massachusetts) was used, and 
supramaximal bipolar pulses of 0.2-ms duration were 
administered to the ulnar nerve at the wrist via 
surface electrodes at the rate of 0.1 Hz (twitch re- 
sponse) or 2.0 Hz (train-of-four [TOF] stimulation, 
when appropriate). The resultant force of thumb 
adduction was quantitated with a force displacement 
transducer (UC3, Gould-Statham, Oxnard, Califor- 
nia), isolated signal amplifier (Anesthesiology De- 
partment, Groningen University, The Netherlands), 
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Figure 1.  Experimental procedure (schematic presentation). Verti- 
cal scale: control twitch height (%), horizontal scales: time. Upper 
(A) and middle (8) panels represent the dose-response part of the 
study with spontaneous recovery of the pipecuronium-induced 
neuromuscular blockade. Upper (A) and lower (C) panels demon- 
strate the procedure when reversal of the residual block was 
induced by either neostigmine or edrophonium. At 1 x pgkg-' 
(selected initial dose), at 2 a supplementary dose up to a total of 50 
pgkg-' (total initial dose) of pipecuronium was administered, at 3 
intubation was performed and at 4 a maintenance dose 25 pgkg-' 
of pipecuronium, at 5 neostigmine or edrophonium was injected. 
Percentage train-of-four (TOF) was measured at 25%, 50%, 75%, 
and 100% recovery of the twitch height (upper and middle panel A 
+ B) or 2,5,8, and 10 mins after the administration of the reversal 
agent when recovery was induced (lower panel C). 

baseline stabilizer (Anesthesiology Department, Gro- 
ningen University, The Netherlands), and a Brush 
220 recorder (Gould, Cleveland, Ohio) at a continu- 
ously monitored stable resting tension of the adduc- 
tor pollicis muscle of 200 to 300 g. 

Experimental Procedure 
The design of the experiment is illustrated in Figure 
1. In the first part of each experiment, the dose- 
response relation of pipecuronium was studied, 
whereas in the remaining part, the time course of 
action and reversibility of the total initial dose and tL 
subsequent maintenance doses were investigated. 

After induction of anesthesia, 10 to 15 minutes 
were allowed for stabilization of anesthesia and of the 
twitch response, before one of the selected doses (20, 
30, 40, or 50 pg.kg-l) was administered at random. 
This dose was dissolved in 10 ml of saline solution 
and administered over 10 seconds. With each se- 
lected initial dose, at least five patients were studied. 
Once the maximum effect of the selected initial dose 
was reached (that is, when no further decrease in 
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evoked twitch height occurred in response to three 
consecutive stimuli), a supplementary dose was in- 
jected. The size of the supplementary dose was 
chosen so that together with the selected initial dose 
a total of 50 pg-kg-' was administered to all patients. 
This is approximately the ED95 dose for pipecuro- 
nium reported by other investigators (58). 

The onset time, clinical duration, duration of main- 
tenance doses, and recovery index were recorded. 
Onset time was defined as the time from injection of 
the selected initial dose to maximum effect. Patients 
with <5% or >95% block were excluded. Clinical 
duration was defined as the time from injection of the 
full dose (50 pg.kg-') to 25% recovery of the twitch 
height. 

At this point, depending on the expected duration 
of the operation, a maintenance dose of 25 pg.kg-' 
was injected, although (if possible) no further muscle 
relaxant was given and spontaneous recovery of the 
twitch response was permitted to occur. Train-of-four 
tests were then performed at 25, 50, 75, and 100% 
recovery of the twitch height, and the rate of spon- 
taneous recovery was calculated. However, when 
muscle relaxation was still required, a second and 
further maintenance doses were administered always 
at the point of 25% recovery after the previous 
maintenance dose. In these patients, the time interval 
between maintenance doses was taken as the dura- 
tion of the maintenance dose. In all patients in whom 
spontaneous recovery of the neuromuscular trans- 
mission was permitted to occur, the recovery index 
(time from 25 to 75% recovery of the twitch height) 
was also recorded. 

All other patients were iven either neostigmine 

ride (0.5 mg.kg-') to reverse the residual block at the 
25% recovery point following the initial (total) or last 
maintenance dose of pipecuronium. Methylatropine 
nitrate (7 pg.kg-') was given either together with 
neostigmine (injected over 30 seconds, IV) or alone 
over 15 seconds immediately prior to edrophonium, 
which was given over 30 seconds. Just before and 2, 
5,8, and 10 minutes after the injection of the reversal 
apent, TOF tests were performed. If at 10 minutes the 
percentage of the TOF had not reached 70%-a  level 
generally regarded as being indicative of a degree of 
recovery, sufficient for spontaneous ventilation-a 
second dose (112 of the first dose) of the same reversal 
agent was given and the TOF responses recorded 
again at the same intervals. 

By the experimental procedure just described, data 
could be generated for: 

methylsulphate (40 pg.kg- K ) or edrophonium chlo- 

1. construction of the dose-response curves by re- 

2. 

3. 

cording the maximum effect of the selected initial 
doses, 
measurement of the time course of action and 
reversibility of the effect of pipecuronium in all 
patients, and 
quantitation of the effects of the inhalational anes- 
thetics either on the magnitude, time course, or 
reversibility of the pipecuronium-induced neuro- 
muscular blockade. 

Statistical Analysis 
Dose-response curves were constructed by plotting 
log,, dose of pipecuronium against percent twitch 
depression. From these curves, ED50 and ED95 val- 
ues were estimated for pipecuronium during the 
various anesthetic techniques. For further statistical 
analysis, depending on the character of the data and 
differences in variation coefficients, Students t test 
(two-tailed), one way analysis of variance (for com- 
parisons involving three treatment groups), and Fish- 
er's least significant difference (LSD) procedure for 
pairwise comparisons were employed. All values are 
expressed as mean 2 SEM. Statistical significance 
was inferred if P < 0.05. 

Results 
Dose-Response Relation 
A significant linear relation was found when the 
logarithmic doses of pipecuronium were plotted 
against percent depression of twitch height during 
nitrous oxide and isoflurane, halothane, or droperi- 
dol/fentanyl. As is shown in Figure 2, with increasing 
doses of pipecuronium, a corresponding increase of 
depression of twitch height was observed. 

The estimated regression equations based on the 
individual data and correlation coefficients were y = 
134 X -126, y = 143 X -144, y = 179 X -207, and 
0.71, 0.79 and 0.84 in isoflurane, halothane, and 
droperidol/fentanyl groups, respectively [x = log 
(dose) and y = % block]. From the calculated regres- 
sion lines, the ED50 and ED95 doses were deter- 
mined (Table 1). 

Time Course of Neuromuscular Blocking Effects 
(mean f SEM) 
After 50 pg.kg-' of pipecuronium as a single bolus 
injection, twitch height was depressed 98.0 k 1.3, 
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F i w e  2. Dose-response relationship of pipecuronium following 
induction in patients receiving anesthesia with nitrous oxide and 
isoflurane (ISOFPIP), halothane (HALOPIP) or droperidoYfen- 
tanyl ( W I P )  [Mean f SEMI. Vertical scale: % depression of the 
twitch height. Horizontal scale (logarithmic): dose (pgkg-I). 

Table 1. Effective Dose (ED) Estimates for Pipecuronium 
Bromide Derived from the Dose-Response Curves 

Anesthetic Group" 

Isoflurane Halothane DropFent 
(n = 22) (n = 21) (n = 20) P 

ED50 dose 20.6 22.7 27.3 NS 

ED95 dose 44.6 46.9 48.7 NS 
(wkg-') 

(&%-I) 

'Patients in each anesthetic group were also receiving 65% nitrous oxide. 
Abbreviations: Drop/Fent, droperidol and fentanyl, NS = not signifi- 

cant. 

96.8 f 1.2, and 93.0 f 2.2% in patients receiving 
nitrous oxide and isoflurane, halothane, and droperi- 
dollfentanyl, respectively (P = NS). The time to 
maximum effect or 95% block for these groups were 
5.4 f 1.1, 5.5 * 0.5, and 6.3 2 0.5 minutes, respec- 
tively. The onset times (6.4 ? 0.4, 6.7 * 0.5, and 6.7 
2 0.4 minutes, respectively) were not different and 
appeared to be independent of the size of the dose. 
The TOF responses and recovery index during spon- 
taneous recovery (51.0 f 8.5, 37.0 f 6.5, and 31.0 f 
3.1 minutes, respectively) were not different. How- 
ever, with respect to the recovery index, the latter 
numbers were not statistically different mainly be- 
cause of the small numbers of patients who were 
allowed to recover spontaneously from their neuro- 
muscular block. 

The clinical duration (injection - 25% recovery 
time) of the total 50 pg.kg-' dose was 50.0 f 4.3,36.0 
* 3.3, and 29.0 2 2.0 minutes in patients receiving 
nitrous oxide and isoflurane, halothane, or droperi- 
do1 and fentanyl, respectively, and was statistically 
different among all three groups. The duration of 
maintenance doses averaged 56.0 ? 2.5 minutes for 

I I  

Fiwe 3. Percentage train-of-four recovery (T0F)-vertical 
scale-vs time (min)-horizontal scale-following edrophonium 
chloride (A) 0.5 mgkg-' or neostigmine methylsulphate (0) 40 
N;kg-' administered ( i) at 25% recovery of the control twitch 
height during anesthesia with nitrous oxide and either isoflurane 
(ISOPIP), halothane (HALOPIP), or droperidoYfentany1 (NLAI 
PIP) [Mean 2 SEMI. 

the isoflurane group, 49.5 ? 3.3 minutes for the 
halothane group, and 41.2 f 1.6 minutes for the 
droperidollfentanyl group, the differences being sig- 
nificant only between values obtained in the groups 
receiving isoflurane and droperidollfentanyl. 

Reversal of the residual neuromuscular blockade 
was easily accomplished within 10 minutes after the 
administration of neostigmine or edrophonium. 
However, depending on the anesthetic used, distinct 
clinical differences were observed between the effec- 
tiveness of the two reversal agents, as evidenced by 
the TOF percentages (Fig. 3). Mainly in patients 
treated with volatile anesthetics, the administration 
of edrophonium (0.5 mg-kg-'), in contrast to neostig- 
mine, did not result in a TOF >70%, generally 
accepted as a threshold for sufficient recovery. A 
booster of half the initial dose, injected 10 minutes 
thereafter, resulted in only a marginal improvement 
in the TOF percentage. 

Discussion 
Our aim was to study pipecuronium under circum- 
stances that mimic daily clinical practice as closely as 
possible. Therefore, we allowed only a small delay 
after induction of anesthesia to stabilize twitch height 
before injecting pipecuronium (average 10 minutes). 
The estimated doses of pipecuronium required for 
95% depression of the twitch height (44.6, 46.9, and 
48.7 pgkg-l) during nitrous oxide and either iso- 
flurane, halothane and droperidollfentanyl anesthe- 
sia, respectively, did not differ. These doses are close 
to ED95 doses, ranging from 50 pg.kg-' (7) to 59 
pg.kg-' (4). Similar ED95 doses have also been re- 
ported for pancuronium (8,9). We, therefore, con- 
sider these two compounds to be equipotent in 
blocking neuromuscular transmission. 

With regard to the anesthetic technique used, no 
significant difference could be shown in the onset or 
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magnitude of the neuromuscular blocking effects of 
pipecuronium between comparable doses when giv- 
en in a single bolus injection. 

Clinical duration of the total dose of 50 pgkg-' of 
pipecuronium was, however, dependent on the type 
of anesthetic employed. Both the overall comparisons 
and each of the possible painvise comparisons were 
statistically significant, showing that the prolonga- 
tion by the anesthetics of the neuromuscular effects of 
pipecuronium may be ranked as follows: isoflurane > 
halothane > droperidoyfentanyl. 

The present study shows that pipecuronium is 
potentiated by inhalational anesthetics in a similar 
fashion as other nondepolarizing neuromuscular 
blocking agents. Ali and Savarese (10) demonstrated 
that d-tubocurarine requirements were reduced by 
half during 1.25 MAC of halothane and by approxi- 
mately two-thirds during an equivalent concentration 
of isoflurane in comparison with the doses needed 
under "balanced nitrous oxide" anesthesia. Potentia- 
tion of d-tubocurarine, pancuronium, gallamine (11, 
12), and vecuronium (13) has also been shown to be 
greater with isoflurane anesthesia than with halo- 
thane anesthesia. In the present study, the apparent 
lack of significant differences between the ED95 doses 
obtained under the various anesthetics (Table 1) can 
be explained by the relative brevity of the exposure 
time to the anesthetic before the administration of the 
muscle relaxant. This exposure time is even shorter 
than those in the above cited studies. After such a 
short period of time, alveolar concentrations of iso- 
flurane and halothane would approximate only a part 
of the inspired concentrations (14), and tissue equi- 
librium would be even less. However, it should be 
realized that in the daily practice of anesthesia, the 
induction time is considerably shorter than in the 
present study; more importantly, muscle relaxants 
are usually given before the administration of the 
inhalational anesthetic. Consequently, at the start of 
anesthesia, no appreciable alteration of the effects of 
muscle relaxants can be expected. However, after 
some time, usually 30 to 40 minutes, the potentiating 
effects of the volatile anesthetics will be reflected by 
the prolonged clinical duration, prolonged duration 
of the maintenance doses, and longer recovery rates, 
as demonstrated in the present study. Therefore, the 
size of the maintenance doses or the time interval of 
earlier administration should depend on the expected 
duration of the operation and the type and concen- 
tration of the inhalational anesthetic used. 

Residual neuromuscular block was readily antag- 
onized in this study by both neostigmine and ed- 
rophonium. However, in contrast to neostigmine 
where the TOF recovery reached the 270% or higher 

level in all patients within 5 minutes of its adminis- 
tration, the same degree of reversal after edropho- 
nium was reached only in patients treated with 
droperidoyfentanyl. The TOF recovery in patients 
receiving halothane or isoflurane was <70%, even 10 
minutes after the administration of edrophonium. 
This necessitated the administration of the second 
dose (Fig. 3) of edrophonium, especially in patients 
receiving isoflurane for anesthesia. In most cases, this 
additional dose of edrophonium resulted in a minor 
but sufficient (>70%) increase in the TOF percentage. 
For these reasons, we consider edrophonium, at least 
in the doses used in this study (0.5 to 0.75 mgkg-'), 
to be a less adequate and less safe antagonist of 
pipecuronium or probably of all long-acting muscle 
relaxants, than neostigmine, particularly in patients 
undergoing isoflurane anesthesia. The gradual in- 
crease in the TOF percentage after the second dose of 
edrophonium suggests minor beneficial effects of still 
higher doses of edrophonium. 

Heart rate, blood pressure, and electrocardiogram 
were routinely monitored and registered during this 
study. No cardiovascular or other side effects that 
could be attributed to the administration of pipecu- 
ronium bromide were seen. These properties, if con- 
firmed in widespread clinical use, will make pipecu- 
ronium the drug of choice for long operations, 
particularly in patients with cardiovascular disease. 
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