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Pipecuronium bromide is a new steroidal non-depolarizing muscle relaxant currently

under investigation. It is similar to pancuronium with respect to the duration of action,
but lacking its cardiovascular side effects. We examined the dose-response relation of

pipecuronium in 27 patients, ages 66-79 years, utilizing the incremental dose method
under balanced anesthesia. The ED5O, ED9O and ED95 were 22.42 (5.2) mcg/kg, 31.81
(6.9) mcg/kg and 35.12 (7.8) mcg/kg, respectively (log probit method). Our recovery data

also demonstrate that residual neuromuscular blockade due to pipecuronium can easily
be antagonized with neostigmine as long as spontaneous recovery of TI at the time of
reversal administration is >13%. The authors conclude that under balanced anesthesia
the cummulative dose-response of pipecuronium in the elderly patients is consistent with

those previously described for younger population. Therefore, no dose adjustment ap-
pears necessary for the elderly. However, as with all medications, careful administration

is appropriate.

P ipecuronium bromide is a nondepolarizing mus-
cle relaxant currently being considered by Food

and Drug Administration for clinical use in the
United States. In young and middle aged patients,

pipecuronium has been found to have a neuromus-

cular blocking action similar to pancuronium but
lacking its cardiovascular side-effects.12

Aging is known to be associated with profound
changes in body composition and organ function.3

Therefore, one may suspect an alteration of response
to muscle relaxants in elderly patients. The purpose
of this investigation was to determine the dose-re-

sponse relationship of pipecuronium bromide in el-

derly patients under balanced anesthesia.
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METHOD

Twenty-seven ASA class 1-3 patients of either sex,

mean weight of (62.7 ± 12.9 kg), between the ages
66-79 years, undergoing elective surgical proce-
dures expected to last longer than one hour, gave
informed consent to participate in this Institutional
Review Board approved study. Patients with known
renal, hepatic, metabolic, neuromuscular disorders
and/or morbid obesity (defined as 100 pounds above
the ideal body weight) were not included in this
study. None of the patients was taking any medica-
tions known to interfere with neuromuscular func-
tion. Premedication consisted of intramuscular in-
jection of morphine (0.1 mg/kg) and atropine (0.4
mg), one hour prior to surgery. Anesthesia was in-

duced with fentanyl (3-6 mcg/kg) and thiopental
(3-6 mg/kg) IV.

Soon after patients were unconscious, the isomet-
ric force of contraction of the adductor pollicis mus-
cle was elicited (Digistim II penipheal nerve stimula-
tor neuro-technology, Inc.) utilizing a train of four at
2 Hz with supramaximal square wave impulse of 0.2

milliseconds duration every 10 seconds via surface
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TABLE I

The Mean (±SD) ED5O, ED9O and ED95 of
Pipecuronium Determined by Log-Probit

and Linear Regression

Log.Problt Linear Regression

ED5O 22.4 (5.2) mcg/kg 23.4 (4.6) mcg/kg
ED9O 31.8 (6.9) mcg/kg 31.6 (5.6) mcg/kg
ED95 35.1 (7.8) mcg/kg 32.7 (5.8) mcg/kg

electrodes over the ulnar nerve at the wrist. The
response was quantitated with a Grass FTIO force

displacement transducer and continuously recorded
on a Grass polygraph throughout the surgery and for
at least ten minutes following the administration of
the reversal agent. Resting thumb tension was
maintained between 200 and 300 grams throughout
the study.

Once baseline train of four was established, an

initial dose of pipecuronium (15 mcg/kg) was ad-
ministered over two seconds through a rapidly run-
ning IV catheter. Enough time was allowed for the
maximal neuromuscular blocking effect of this dose
to develop as determined by no change in the height
of the first twitch (TI) of the train of four over three
consecutive readings. Incremental doses of pipecur-
onium (5 mcg/kg) were then administered until
baseline TI was at least 85% suppressed. Maximum

twitch suppression was achieved before the admin-
istration of the next incremental dose. An additional
10 mcg/kg dose was administered to complete
neuromuscular blockade (100% suppression of TI) if
needed.

The trachea was intubated 1.5-2 minutes after the
last dose of pipecuronium. Anesthesia was main-

tained with N20/02 (60-40 ratio), incremental IV
doses of fentanyl (25-50 mcg) and thiopental (25-50
mg). Body temperature was measured by esophageal
stethoscope and maintained between 35.8 C and
36.8 C throughout the case by warming IV fluids.
End tidal CO2 was measured by Datex 254 (Puritan-

Bennett P.B.) airway gas monitor and maintained
between 32-38 torn. Maintenance doses of pipecur-

onium in the range of 5-10 mcg/kg were adminis-
tered whenever recovery of TI reached 25% of TI
control. Toward the end of the surgery patients were
allowed to recover spontaneously as much as possi-
ble and the residual neuromuscular blockade was
antagonized with IV injection of neostigmine (2.5
mg) and glycopyrrolate (0.5 mg). Ti as a percent of its
baseline control and T4/T1 ratio was examined im-

mediately before and for at least 10 minutes after the
administration of reversal agent. Patients were
maintained on N20/02 throughout the reversal pe-
riod.

The dose-response relationship of pipecuronium
was calculated for each patient using log-probit and
least squares linear regression. Suppression of TI

equal to 0 or 100% of baseline were not included in
the analysis. Generally about 4-5 incremental doses
were required over a period of 8-13 minutes. The
ED5O, ED9O and ED95 of pipecuronium was esti-
mated for each patient by both methods. The differ-
ence in ED5O, ED9O and ED95 determined by linear
regression and log probit were compared by 2 tailed
paired T-test. Results are presented as mean (±SD).

RESULTS

TABLE II

Neurom
% R
usc

ecovery (±SD) From the Residual
ular Blockade as a Function of Time After

Neostigmine 2.5 mg

TIme
(mln) Percent Recovery of Ti T4/Ti Ratio

15.38
0 39.13 (22.4) (16.4)

43.57
2 59.12 (21.2) (21.9)

64.13
5 76.85 (18.8) (18.6)

70.11
8 84.77 (16.3) (15.7)

74.90
10 88.91 (14.0) (16.0)

In one patient (68 years old female) the administra-
tion of the initial and the first incremental dose re-
sulted in 97 percent suppression of TI. Due to the
inadequacy of data points, this patient was not in-
cluded in the final analysis. Data of the remaining 26

patients (20 F, and 6 M), mean age of (72 ± 4) years,
were analyzed. The results by linear regression and

log probit are shown in Table I. The mean ED5O,
ED9O and ED95 (obtained by log probit) were 22.42

(5.2) mcg/kg, 31.81 (6.9) mcg/kg and 35.12 (7.8)
mcg/kg respectively. Recovery from the residual
neuromuscular blockade was defined as greater
than or equal to 90% recovery of TI as compared to
baseline and/or T4/T1 ratio greater than 75%. The
response to neostigmine (2.5 mg) was slow in four

patients who had less than 13% recovery of TI prior
to its administration. In 3 of these patients the recov-

ery of TI reached between 52% and 66% and mean
T4/T1 ratio of 49.7% after 10 minutes. Therefore, a
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second dose of reversal was administered to obtain
full recovery. In the fourth patient the recovery of
TI reached 72% and a T4/T1 ratio of (57.1%) 10

minutes after neostigmine. This patient achieved

full recovery three minutes later without receiving
an additional dose of neostigmine. The remaining
patients with greater than 13% recovery of TI prior
to neostigmine were fully recovered in 10 minutes
and were no longer monitored. None of 26 patients
required post-operative ventilatory support. Table II
demonstrates the relationship between percent re-
covery of TI and T4/T1 ratio immediately prior to
and at 2, 5, 8 and 10 minutes after reversal with
neostigmine.

DISCUSSION

Both single bolus dose and incremental dose

methods have been used in determining the dose-
response relationship of muscle relaxants. Donlon
and colleagues4 determined the dose-response

curves for pancuronium and d-tubocurarine by both
method, and demonstrated that the data obtained by
the cumulative dose method was almost identical to
those of the bolus dose method. The result of the

ED5O and ED95 were very similar, and they con-

cluded that the incremental dose method was accu-
rate and efficient for long acting muscle relaxants.
Pipecuronium and pancuronium are similar in re-
spect to the duration of action and structure. Both
are bisquaternary steroid muscle relaxant differing
only in the side chains attached to the steroid nu-
cleus. We examined the cumulative dose-response
of pipecuronium in the elderly patients under bal-
anced anesthesia, the ED50, ED9O and ED95 were

22.42 (5.2) mcg/kg, 31.81 (6.9) mcg/kg and 35.12

(7.8) mcg/kg respectively. Our data also demon-

strates that residual neuromuscular blockade due to
pipecuronium can be antagonized with neostigmine
(2.5 mg) as long as the spontaneous recovery of TI at
the time of reversal agent administration is >13%. If
spontaneous recovery of TI is <13 percent, then

more time should be allowed or administration of
additional reversal agents may be necessary for full
recovery.

Several studies have examined the dose-response

relationship of muscle relaxants as a function of age.
Duvaldestin et a15 determined the dose-response re-
lationship of pancuronium in younger (25-60 year)
and elderly (>75 years) subjects. They found that
the pharmacodynamics of pancuronium is unaltered
by aging, but despite similar ED5O and ED9O the
duration of action of pancuronium was prolonged in

the elderly population due to a decrease in its
plasma clearance. O’Hara et a16 examined the effect
of age on the dose-response of vecuronium in adults
and did not find any age related difference. Rupp
and colleagues7 studied the pharmacokinetics and
pharmacodynamics of pancuronium and vecuron-
ium in younger and elderly adults during halo-
thane-nitrous oxide anesthesia. They found that
healthy patients between the ages of 70-84 years
were not different than younger adults (30-5 7 years)
with respect to the pharmacodynamics of pancur-
onium or vecuronium. In the elderly, the clearance
of vecuronium was slower and there was a tendency
towards a lower plasma clearance and longer elimi-

nation half-life of pancuronium, though not signifi-
cantly different. We also found that our values for
pipecuronium in the elderly is consistent with those
described for young adult population.1 However,

this study was not designed to evaluate the pharma-
cokinetics of pipecuronium which may be different
in the elderly patients.

In summary the dose-response relationship of
pipecuronium was determined in the elderly pa-
tients. The result of our study indicates that chrono-
logical aging alone does not determine or have any
measurable role in the pharmacodynamics of pipe-

curonium, and our conclusion is similar to those
found by Duvaldestin,5 O’Hara6 and Rupp7 who
studied other muscle relaxants.
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