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Pharmacokinetics and Pharmacodynamics of Pipecuronium 
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The neuromuscular response to pipecuronium bro- 
mide (Arduan), 70 Pgikg, was studied in 20 elderly 
(>70 yr) and 10 younger Patients (<60 Yr) during 
nitrous oxide, fentanyl, and droperidol anesthesia. 

P a m a x i m a l  pulses was recorded' 
younger patients were completely paralyzed, 2 of 20 
elderly patients did not attain paralysis. Onset 
time in the elderly was prolonged (6.9 ? 2.6 vs 4.3 ? 
1.5 min, P < 0.02). Spontaneous recovery was similar 

in both groups, with 75% recovery occurring at 133 5 

52 min in the elderly and 146 5 46 min in the younger 
patients. The pharmacokinetic variables were similar 
for the two groups, and pharmacodynamic 

junction. The pharmacologic actions of pipecuronium 
in otherwise healthy patients do not differ between 
young and 

(Anesth Analg 1992;74:841-4) 

The adductor Pollicis response to sing'e 0.2-ms su- revealed a similar sensitivity at the neuromuscular 

lderly patients, above the age of 70 yr, repre- 
sent approximately 15% of the surgical popula- E tion at our institution. Because many physiologic 

processes are altered by advancing age, the pharmaco- 
kinetics and pharmacodynamics of long-acting muscle 
relaxants in the elderly may be different than in the 
young. The distribution of these drugs may be affected 
by a decrease in total body fluid, lean body mass, 
cardiac output, and protein binding. The elimination of 
these drugs may, in turn, be prolonged by a decrease in 
cardiac output, renal blood flow, glomerular filtration 
rate, and splanchnic blood flow. For example, recovery 
from pancuronium-induced neuromuscular blockade is 
prolonged by approximately 50% in the elderly owing 
to a 35% decrease in plasma clearance that results in an 
increased elimination half-life of 201 min compared 
with 107 min in younger patients (1). Matteo et al. (2) 
have similarly shown that as a result of age-associated 
changes in plasma clearance and volume of distribu- 
tion, recovery from both d-tubocurarine and metocu- 
rine in the elderly is prolonged by approximately 50% 
and loo%, respectively. 
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Pipecuronium bromide (Arduan) is a new long- 
acting, nondepolarizing muscle relaxant structurally 
related to pancuronium but free of cardiovascular side 
effects. Like other long-acting muscle relaxants, the 
elimination of pipecuronium is primarily renal (3,4). As 
other long-acting, nondepolarizing muscle relaxants 
have a prolonged duration of action in geriatric pa- 
tients, this study was undertaken to define the kinetics 
and dynamics of pipecuronium in the elderly. 

Methods 
This study was approved by the Institutional Review 
Board of the Columbia University College of Physi- 
cians and Surgeons. Informed consent was obtained 
from 10 young (<60 yr) and 20 elderly (>70 yr) 
surgical patients. All patients were free from signifi- 
cant renal, hepatic, metabolic, or neuromuscular dis- 
orders. Patients receiving anticonvulsants or any 
other drugs known to alter the response to neuro- 
muscular relaxants were excluded from this study. 

General anesthesia was induced with the intrave- 
nous administration of thiopental, 3-5 mg/kg, fenta- 
nyl in 50-100 pg increments, and droperidol in 
2.5-mg increments, as needed, to treat increases in 
heart rate and arterial blood pressure. Ventilation 
was controlled through a face mask with N,0-02 
(70%-30%) to a PETCO~ of 25-35 mm Hg. The ulnar 
nerve was stimulated at the wrist with single 0.2-ms- 
duration supramaximal pulses at a rate of 0.1 Hz from 
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a Grass model S-8 or S-88 stimulator and SIU-4678 
stimulus isolation unit. The adductor pollicis response 
was quantitatively detected and recorded with a Grass 
FT-10 force adduction transducer. After monitoring the 
twitch response for at least 5 min to establish a steady 
baseline, a 70-pglkg IV bolus injection of pipecuronium 
was rapidly administered. Once maximal blockade had 
occurred, the trachea was intubated, and anesthesia 
was maintained with N20-0,  (70%-30%) and a fenta- 
nyl infusion of 2-5 pg.kg-'.min-'. Esophageal temper- 
ature was maintained between 35.0 and 36.4"C with the 
aid of heating blankets. 

Timed blood samples were obtained at 1, 3, 5, 10, 
15, 20, 30, 45, 60, 75, 90, 105, 120, 150, 180, 210, 240, 
300, and 360 min after pipecuronium injection. The 
plasma was separated and analyzed for pipecuro- 
nium by gas chromatography, as described previ- 
ously by Furuta et al. (5). This assay was linear over 
a pipecuronium concentration range of 20-750 ng/mL 
(correlation coefficient 0.998 5 0.002 for 30 experi- 
ments). The coefficient of variation between samples 
was 3%-7% and was independent of standard con- 
centration. The sensitivity of the assay was 5 ng/mL. 

For the pharmacokinetic analysis, biexponential 
and triexponential functions were fit to the time 
versus pipecuronium concentration data by using 
nonlinear least-squares analysis (6). The error func- 
tion was weighted by the reciprocal of the observed 
concentration squared. A two- or three-compartment 
model was selected by the Boxenbaum criteria for 
improvement in the weighted mean square error as 
determined by the F-test (7). Kinetic variables were 
obtained from the variables of the exponential equa- 
tions, as described previously by Wagner (8). 

The time from injection of pipecuronium to the 
attainment of maximal neuromuscular blockade (on- 
set time), the depth of maximal neuromuscular block- 
ade (maximal block), and the times to spontaneous 
recovery to 10%,25%, 50%, 75%, and 90% of baseline 
twitch were recorded and compared between groups 
with an unpaired two-tailed t-test. Recovery indices 
were calculated as the times to progress from 10% to 
25% recovery and from 25% to 75% recovery. In 
addition, regression lines derived from the extrapo- 
lated pipecuronium concentrations at 25%, 50%, and 
75% recovery, representing the linear portion of the 
log-concentration versus response curve, were com- 
pared between groups with analysis of covariance. 

The threshold for statistical significance was set at 
P < 0.05. All data are expressed as mean values ? SD. 

Results 
Demographic variables and study results are summa- 
rized in Table 1 and Figures 1-3. It should be noted 

Table 1. Variables for Pipecuronium Kinetics and 
Dynamics in 20 Elderly and 10 Younger Patients 

Elderly Younger 
patients patients P 

Age (yr) 75 2 4 49 2 7 0.0001 
Height (cm) 165 t 8 173 2 8 0.0165 
Weight (kg) 65.2 5 14.4 81.5 2 10.0 0.0033 
Ideal body weight (%) 105 5 12 113 5 12 NS 
Temperature ("C) 35.5 5 0.5  35.8 t 0.4 NS 
PETCO~ (mm Hg) 30.0 t 4.3  29.3 5 3.7 NS 
Creatinine (mg/dL) 1.0 * 0.2  1.0 2 0.2 NS 
Onset time (min) 6.9 t 2.6 4.5 2 1.5 0.013 
Maximal block (%) 95.5 IT 6.2  100 0.029 
Distribution half-life (min) 19.7 5 11.1 16.6 t 8.0 NS 
Elimination half-life (min) 181 t 68 154 2 61 NS 
V, (mL/kg) 62 t 32 64 2 37 NS 
VDSS (mL/kgi 393 * 131 314 5 66 NS 
CI,, (mL.kg- .min-') 2.4 t 1.0 2 .5  5 0.7 NS 
10%-25% RI (min) 27.2 t 12.0" 22.1 2 8.1 NS 
25%-75% RI (min) 63.8 5 31.4" 60.1 t 21.2" NS 

PETCO~, end-tidal C 0 2  pressure; V , ,  initial volume of distribution; V,,,, 
steady-state volume of distribution; CI,., plasma clearance; RI, recovery 
index; NS, not significant. 

Data presented are mean values 2 SD. 
"II = 18. 
1.11 = 9. 
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Figure 1. Recovery measured as percent of baseline twitch re- 
sponse after bolus administration of pipecuronium 70 @kg. Mean 
values 2 SD; 11 = 20 elderly and 10 younger patients. There were no 
significant differences. 

that the younger patient group was significantly taller 
and heavier than the elderly group. Total body 
weight expressed as percent of ideal body weight 
(IBW), however, was similar between groups. Ideal 
body weight was calculated as follows (9): 

IBW (men) = 50 kg 
t 1 kg12.5 cm above or below 150 cm in height, 

IBW (women) = 45 kg 
t 1 kgl2.5 cm above or below 150 cm in height. 

A statistically significant prolongation of onset 
time was observed in the elderly while the level of 
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Figure 2. Log concentration versus response curves for pipecuro- 
nium. Mean values 2 SD; I I  = 20 elderly and 10 younger patients. 
There were no significant differences. 
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Figure 3. Mean plasma concentration versus time curves after 
bolus administration of pipecuronium 70 Fgikg. Mean values * SD; 
I I  = 20 elderly and 10 younger patients. There were no significant 
differences. 

maximal block was somewhat decreased with 2 of 20 
patients in this group not attaining 90% block. An 
apparent accelerated spontaneous recovery in the 
elderly group, seen in Figure 1, is small and not 
statistically significant and is probably related to the 
lack of complete paralysis in these two elderly pa- 
tients. The slopes of the two lines in Figure l are, in 
fact, essentially identical. The time from injection to 
75% recovery was 133 .+- 52 min in the elderly 
compared with 146 2 46 min in the young ( P  = NS). 
There were no significant differences between groups 
for 10% to 25% and 25% to 75% recovery indices. 

The sensitivity of the neuromuscular junction to 
pipecuronium was similar between age groups, as 
shown in Figure 2, with a plasma concentration at 
50% recovery (Cp50'7c) of 63 ng/mL in the younger 
and 71 ngimL in the elderly patients. 

The mean plasma concentration versus time 
curves of pipecuronium for the two patient groups 
are shown in Figure 3. Visual inspection suggests that 
these curves do not differ significantly. A three- 

compartment model provided the best fit in 5 of the 
10 younger patients and in 14 of the 20 elderly 
patients. Derived pharmacokinetic variables revealed 
no statistically significant differences between the 
two groups. 

Discussion 
I t  has been established in both humans (3) and 
animals (4) that the kidney is the primary organ of 
elimination for pipecuronium. Furthermore, renal 
function normally declines with increasing age. Glo- 
merular filtration rate and effective renal plasma flow 
decrease 30%) and 46%, respectively, between the 
ages of 30 and 80 yr, with an acceleration in this rate 
of decline occurring after age 65 yr (10,ll). Thus, the 
finding of this study that the elimination and action 
of pipecuronium are not affected by age is unex- 
pected. The study protocol was designed to eliminate 
patients with a serum creatinine >1.5 mg/dL. This 
would have the effect of eliminating elderly patients 
with significantly diminished renal function. In fact, 
there were no patients rejected from this study for 
this reason. Thus, this protocol requirement cannot 
be faulted for selection bias. Similar findings have 
been reported by Rupp et al. (12) for pancuronium. 
They studied six elderly patients receiving pancuro- 
nium and reported that this group did not vary 
significantly from a younger control group in either 
kinetics or dynamics. They, too, attributed their in- 
abilitv to detect significant differences between the 
two groups to the fact that they examined "healthy" 
elderly individuals with presumably good renal func- 
tion. However, in those patients with significant 
renal deterioration (end-stage renal disease), im- 
paired elimination of pancuronium is manifested by a 
prolonged duration of action, reduced plasma clear- 
ance, and a prolonged p-elimination half-life (1). 

Demographically, at first glance the somatypes of 
the two groups studied appear to be different, the 
younger patients being heavier than the elderly pa- 
tients. Because the pipecuronium dose was calculated 
on the basis of total body weight, the younger pa- 
tients would have received a larger effective dose of 
pipecuronium. This might explain the greater degree 
of paralysis seen in the younger patients and may 
have obscured a prolongation of action in the elderly 
patients. This is unlikely inasmuch as the younger 
patients were significantly taller, so that each group 
in fact received similar doses in terms of their ideal 
body weight. 

Cardiac output decreases in the general population 
(unscreened for occult cardiovascular disease) by 
approximately 1% per year after age 30 yr (13). This 
age-related decrease in cardiac function and muscle 
perfusion could explain the delayed onset of paralysis 
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seen in the elderly patients. In addition, the fact that the 
selected dose of pipecuronium, for unclear reasons, did 
not completely paralyze two of the elderly patients 
would also tend to increase the apparent onset time in 
this group. Nevertheless, the sensitivity at the neuro- 
muscular junction was similar in both age groups, as 
were the pharmacokinetic variables for this neuromus- 
cular blocker. Thus, once recovery began, there was no 
difference in the rate of recovery between groups. 

Another hypothesis that could account for the 
pharmacokinetic similarity between younger and el- 
derly patients seen with pipecuronium proposes the 
existence of an additional nonrenal pathway for the 
elimination of pipecuronium. Analysis of the plasma 
clearance determinations from this and other studies 
lends support to this hypothesis. Our values for 
pipecuronium clearance (2.4 and 2.5 mL.kg-'.min-') 
are in exact agreement with the 2.4-mL.kg-'.min-' 
value obtained previously by Caldwell et al. (14). 
These values significant1 exceed the normal glomer- 
ular rate of 1.7 ml.kg-rmin-', so that simple glo- 
merular filtration is unlikely to account completely for 
the elimination of pipecuronium. Additional evi- 
dence can be drawn from previous studies reporting 
that renal failure accounts for decreases in plasma 
clearance of 80%, 69%, 60%, and 38% for gallamine 
(15), pancuronium (16), metocurine (17), and d-tubo- 
curarine (18), respectively. These data are related to 
the prolonged effect of these drugs in patients with 
renal failure and are inversely related to the propor- 
tion of the dose eliminated through nonrenal path- 
ways. In contrast, a 33% decrease in pipecuronium 
clearance was not accompanied by an increased du- 
ration of action among renal failure patients (3). 
Thus, it may be inferred that pipecuronium is the 
long-acting relaxant least affected by deterioration in 
renal function. If so, subtle age-related changes in 
renal function are not likely to affect the pharmacol- 
ogy of pipecuronium. 

We thank Ronald D. Miller, MD, and Manohar Sharma, PhD, for 
assistance in establishing the gas chromatographic assay for pipe- 
curonium in our laboratory. 
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