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The neiiroinuscular biockiiig mid  cardiovascular effccts of 
pipecuroniuin, in doses ranging 2-3 times its ED,,, were 
cz~aluatcd in 46 patients during tlziopental, fentanyl, N,Ol 
0, nnestlzcsia. The neuroinliscular blocking e'ffct of pipe- 
cirroniurn IURS evaluated by recording of the nieclinriical 
tuiitch of the adductor pll icis inuscle in response to stirn- 
ulation of the ulnar ncrzlc at the wrist. Heart rate, systolic 
aiid diastolic blood pressures, and cardiac output zoere rion- 
iizvasively rnensurcd during the onset of the neuroinuscular 
blockade and coiiipared to a saline control group to separate 
tlic i+ct of aiirstliesin from those of pipecuroniuin. 

The ineaii t SD tiine froiti adniinistration o[ pipecuro- 
rziuiri to 90% suppressioii of the first twitch (T1)  of thc 
trairz-of-four 7uas 2.6 t 0.8 ,  2 .0  * 0.6,  and 2.2 * 0.6 i r i i i i  

follozoiiig the 70  pglkg, 85 pglkg, aiid 100 pglkg dose, 
respectiuely. Tlierr was no sixnificaiit diiference betiucen the 
difereiit doses of pipecuroriiuni in the tinic to 90% suppres-  
sion of T I .  In general, all three doses of pipccuroniirni 
provided p o d  to exccllciit iiitubnting conditions zuit/riri 3 
ininutcs after its administration. The time from the adrriiri- 
istratiori ofpiriecuroiiiuni to 5% recovery of T1 zuus 52.3 t 
18.2 win in the group @en 70  pglkg. This iuas signifi- 
cantly I o n p  in patients given 85 pgIk(q (72.9 t 15.7 rnirz) 
or 100 psikg (71.8 t 22.2 inin). Tirnes to tlzc start of 

recoilery of T1 aizd to 25% recovery of T1 ~ I i o ~ ~ e d  a similar 
significniit pattern. 112 213 of the patients, ndrninistration of 
rieostipirie (2 .5  in,?) resulted in adequate recowry of 
iriusclefiiizctiori zuithin 10 minutes. Only patients zuith TI 
recozwy to less thnn 15% uf control or a T4/TZ ratio of zero 
tended to take lorzXer than 10 minutes for full recoilery. 
Heart rate aizd systolic and diastolic blood pressures de- 
creased significantly after the induction of anesthesia and 
dziriri<y the onset of neuroinuscular blockade. The hernod!/- 
iianiic variables, hozilever, iuere similar betzcieeri the three 
pipccuro~iium groups and a control group (N = 26) that 
receizmi onhy saline. Therefore, no cardioz~ascular cliangcs 
could be attributed to pipccuroniuni zolzen coinpared to the 
control group. Cardiac output did not clzaiigc sipiificantly 
over the time course of the stud?/. 

Pipcuroniurn Dronride produces a lung-acting, ~zoizdepo- 
larizing neurorriuscihr blockade. A dose of 70 pgkg can be 
expected fo proz~idc~ood intubating roirditions in 3 minutes 
with a clinical duration of approxin~ntcly one hoiir. Larger 
doses (85 pgIk<y and 200 pglkg) may sliorteri the onset time 
and increase duratiori of1 average by 20 ~ninutes .  Higher 
doses are tlzus best reserved for procedures of long duration. 
Because no cardiovascular efects xlerc obserzled zoitli doses 
raryirzg from 2->? titries its ED95, p i p x r o n i u r n  can be 
recorntnendcd for patients in whoin cardiovascular stability 
is desired. 

Key Words: NEUROMUSCULAR R E L A X A N T S  
pipecuronium. 

Pipecuronium bromide is a nondepolarizing neuro- 
muscular blocking agent that is structurally similar to 
pancuronium and vecuronium. Both pipecuronium 
and pancuronium have bisquaternary structures but 
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differ in side chains attached to the steroid nucleus. 
Pipecuronium has piperazine rings attached at posi- 
tion 2 and 16 of the steroid nucleus, while pancuro- 
nium has piperidine rings. Vecuronium, on the other 
hand, is a monoquaternary compound. The struc- 
tural modifications in pipecuronium are designed to 
improve its specificity, leaving the neuromuscular 
effect intact while reducing the nicotinic side effects 
on the cardiac vagus nerve. In adults, pipecuronium 
is approximately 20% more potent than pancuronium 
with an ED,, of approximately 35 Pgikg during intra- 
venous balanced anesthesia (1-3). The purpose of 
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this investigation was to evaluate the neuromuscular 
and cardiovascular effects of pipecuronium. To do 
this, three doses spanning the useful clinical range 
(2-3 x ED,,) were chosen. This study was done 
during thiopental, fentanyl, N,O/O, anesthesia be- 
cause of the minimal neuromuscular effects of this 
anesthetic regimen. To quantitate for the cardiovas- 
cular effects of the anesthetic regimen alone, patients 
similarly anesthetized were given injection of saline 
instead of pipecuronium. 

Methods 
Sixty-two ASA physical status 1-111 patients gave 
written informed consent to participate in this open- 
label study approved by our Institutional Review 
Board. The patients ranged in age from 23 to 63 years, 
and in weight from 48 to 120 kg. Patients with a 
history of renal, hepatic, metabolic, or neuromuscu- 
lar disorders were excluded, as were morbidly obese 
patients (defined as 100 lb above the ideal body 
weight). Morphine sulfate (0.1 mgikg, IM) and atro- 
pine (0.4 mg, IM) were administered approximately 
1-1.5 hours prior to induction. Anesthesia was in- 
duced with thiopental ( S 6  mgikg) and fentanyl (3-6 
pg/kg) and was maintained with thiopental (50 mg 
increments), fentanyl (50 pg increments), and N20/  
0, (60140 ratio). 

Neuvoni iiscular blocking evaluation 
After the patients lost consciousness, the ulnar nerve 
was stimulated at the wrist through surface elec- 
trodes with train-of-four (TOF) supramaximal square 
wave impulses of 0.2 msec duration at 2 Hz every 12 
seconds. The mechanical twitch response of the ad- 
ductor pollicis muscle was measured using a Grass 
FTlO Force Transducer and continuously recorded on 
a Gould polygraph throughout the operation and for 
at least 10 minutes following the administration of 
reversal agent. Resting thumb tension was main- 
tained between 200-300 gm through the study. 

After obtaining a stable baseline TOF (approxi- 
mately 1-2 minutes), 30 patients randomly received 
either 70 pgikg (N = 10,) 85 pg/kg (N = 10,) or 100 pgi 
kg (N = 10) of pipecuronium as a single IV bolus dose 
injected over 5 seconds. Tracheal intubation was 
attempted in these patients 1 minute after achieving 
maximum or 100% neuromuscular blockade. 

Sixteen additional patients received 70 pgikg pipe- 
curonium with intubation attempted at 3 minutes. 
Intubating conditions were scored on a 1 to 4 scale in 

which 1 is "excellent" (complete relaxation;) 2 is 
"good" (slight diaphragmatic movement;) 3 is "poor" 
(moving vocal cords and bucking;) and 4 is "inade- 
quate" (fighting, tight jaw muscle.) Neuromuscular 
relaxation was maintained with 5-10 pgikg doses of 
pipecuronium administered whenever the first twitch 
(Tl) of the TOF returned to 25% of its baseline value. 
Toward the end of the surgery, neuromuscular func- 
tion was allowed to recover spontaneously, as much 
as clinical circumstances allowed, with residual neu- 
romuscular blockade antagonized as necessary by 
intravenous injection of neostigmine (2.5 mg) and 
glycopyrrolate (0.5 mg). N,OiO2 was continued until 
reversal was complete or at least 10 minutes had 
elapsed. 

Hernodynanzic evaluation 
Heart rate and systolic and diastolic blood pressures 
were  m e a s u r e d  u s i n g  a n  a u t o m a t e d  cuff 
(DinarnapPo) prior to induction of anesthesia, after 
induction but prior to pipecuronium, and 1 and 2 
minutes after the administration of pipecuronium. 
Cardiac output was measured prior to induction, 
prior to pipecuronium, and 2 minutes after pipecuro- 
nium administration by a noninvasive Doppler tech- 
nique [Lawrence 3000](4). Cardiac outputs repre- 
sented the average of two consecutive readings that 
differed by less than 15'%. To distinguish between the 
effects of anesthesia and pipecuronium on the cardio- 
vascular system, a control group of 16 patients were 
studied who had the same anesthetic but received 
saline instead of pipecuronium 2 minutes after they 
lost consciousness. After the cardiovascular measure- 
ments, the control group received another muscle 
relaxant. 

Statistical analysis 
Data were analyzed utilizing one way ANOVA, two 
way ANOVA with repeated measurements on time, 
and Kruskal-Wallis test. When ANOVA showed a 
significant difference, the LSD Test was used for 
further evaluations. AP < 0.05 was considered statis- 
tically significant. Data are presented as means ? SD. 

Results 
There were no significant differences in the demo- 
graphic data except that there were more female 
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Table 1. 
Doses of Pipecuronium 

Patient Demographics and the Neuromuscular Blocking Effects (Mean t SD) of Three Different 

70 PglKg 85 @Kg 100 pgiKg 
(N = 26) (N 10) (N = 10) 

Age (yr) 
Weight (kg) 
Sex 
Time to onset of 50% block (min) 
Time to onset of 90% block (min) 
Time to 100% block (min) 
Time to start of recovery ( A n )  
Time to 5% recovery (min) 
Time to 25% recovery (min) 
Time from 5% to 25% recovery (min) 

44.6 2 10.4 
69.2 2 15.2 
(4 M, 22 F) 
1.6 t 0.6 
2.6 t 0.8 
3.7 c 1.2 

40.1 c 14.1" 
52.3 ? 18.2' 
69.9 2 21.6' 
25.3 t 8.7 

38.7 2 14.1 
66.8 ? 12.4 

(5 M, 5 F) 
1.4 2 0.5 
2.0 2 0.6 
3.2 t 1.1 

57.3 t 15.6h 
71.9 2 15.7" 
98.3 2 18.7' 
27.4 t 6.1 

49.9 t 10.2 
66.3 2 14.8 

(3 M, 7 F) 
1.4 2 0.6 
2.1 2 0.6 
3.0 t 0.81 

58.6 c 15.hh 
71.8 t 22.1" 
94.6 2 18.0t 
28.8 2 8.0 

a & b Different a t  P < 0.05 
c & d Different a t  P < 0.05 
e & f Different at P < 0.05 

100 7. 

Time (minutes) 
Figure 1. The mean onset and recovery of neuromuscular block- 
ade following 3 different doses of pipecuronium. 

patients (22 of 26 patients) in the group of patients 
given 70 pgikg (Table 1). 

Neuromuscular effects 
The neuromuscular blocking effects of 3 different 
doses of pipecuronium bromide are summarized in 
Table 1 and Figure 1. There was no significant differ- 
ence between the dosage groups with respect to time 
of onset of blockade. The time to 50% suppression of 
T1 was variable among patients but typically occurred 
within 2 minutes while time to 90% suppression of T1 
was usually reached by 3 minutes. Time to 50% and 
90% block of T1 were not significantly shortened by 
increasing the dose (Table 1, Figure 1). In only 4 of the 
26 patients in the 70-pgikg-dose group, were more 
than 3 minutes required to achieve 90% block of T1, 
whereas in one patient in the 100-pgikg-dose group 
and none in the 85-pgikg-dose group were more than 
3 minutes required. When the data for onset of 90% 

block after the 85-pgkg and the 100-pgikg dose were 
pooled (2.06 2 0.6, N = 20) and compared to onset of 
90% block after the 70-pgikg dose, no significant 
difference could be demonstrated (two tailed unpaired 
t-test, P = 0.106). However, power analysis demon- 
strated only a 45% chance of detecting a 20% differ- 
ence, if it in fact existed. However, the time from the 
administration of pipecuronium to the start of recov- 
ery, to 5% and to 25% recovery of T1 was significantly 
longer in patients given 85 pgikg or 100 pgikg pipecu- 
ronium as compared to those who received 70 pgikg. 
No significant difference could be demonstrated be- 
tween the 85-pgkg and 100-pgikg dosage groups with 
respect to the neuromuscular recovery parameters 
(Table 1). Intubating conditions were rated good or 
excellent in all patients except one who received 85 pgi 
kg. Intubating conditions 3 minutes after 70-pgikg 
dose did not differ significantly from the conditions for 
those who were intubated after the complete neuro- 
muscular blockade had been achieved (Figure 2). 
There was no significant difference between the dif- 
ferent dosage groups in the degree of residual 
neuromuscular blockade prior to, and the rate of 
recovery of T1 after the administration of neostig- 
mine. When the data for all patients were combined, 
the mean percent recovery of T1 was 22.8 ? 13.9 
prior to neostigmine administration and 45.8 i 21.1, 
69.7 i 19.8, 80.7 2 19.8, and 84.6 -t 18.6 at 2, 5, 8, 
and 10 minutes, after neostigmine administration, 
respectively. The corresponding mean T4IT1 ratios 
were 9.2 2 10.8, 30.2 2 18.3, 51.8 -t 21.4, 62.3 ? 20.0, 
and 67.0 * 17.8, respectively. The relationship 
between the recovery of T1 and T4IT1 ratio immedi- 
ately before and 10 minutes after the administra- 
tion of neostigmine (2.5 mg) are depicted in figures 
3 and 4. Reversal of neuromuscular block was 
successful in all patients. However, the time to full 
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Figure 2.  Intubating conditions following pipecuronium. Patients 
in the first 3 groups (N = 10 each) were intubated at maximum 
block while patients in the last group (N = 16) were intubated 3 
min following pipecuronium administration. 
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Figure 3. Relationship between the recovery of T1 prior to and 10 
min after neostigmine (2.5 mg) administration. Note that 10 min 
was not sufficient for many patients who had less than 20% 
recovery of T1 prior to neostigmine administration. 

recovery depended on the degree of neuromuscular 
blockade before neostigmine administration. Ten pa- 
tients required more than 10 minutes or a second 
injection of neostigmine for full recovery. These pa- 
tients had a mean T1 recovery of 11% and a T4IT1 
ratio of zero prior to neostigmine administration. 

Cardiovascular effects 
There was no significant difference between different 
pipecuronium dose groups and saline group with 
respect to the cardiovascular data recorded over the 
time course of the study. Table 2 presents the cardio- 
vascular data by group. While no significant differ- 
ences between groups were found, there were signif- 
icant changes in heart rate, systolic and diastolic 
blood pressures, with the largest changes between 
awake and post-induction measurements. These 
changes were common to all groups (Table 2). 
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Figure 4 .  Relationship between T4ITl ratio prior to and 10 min 
after neostigmine (2.5 mg) administration. 

Discussion 
In this study, pipecuronium had a relatively rapid 
onset of 90% block averaging 2.0 to 2.6 minutes after 
a single bolus dose of 100 pg/kg or 70 pgikg, respec- 
tively. While patients who received 70 pglkg dose of 
pipecuronium tended to have a slower onset of 90% 
block, the difference between the groups did not 
reach statistical significance. Pipecuronium provided 
good to excellent intubating conditions within 3 min- 
utes after 70-100 pgikg dose. These findings are 
remarkably similar to those of pancuronium obtained 
during a similar anesthetic regimen (Meperidine, 
Thiopental, N,O) (5). The mean time to peak effect 
for pancuronium (80 pgikg) was 207 seconds while 
the comparable times for pipecuronium (70-85 pgikg) 
observed in our study are 222 seconds and 192 
seconds. This similarity also holds for the recovery of 
neuromuscular function. The time to 25% recovery of 
T1 was found to be 86 2 13 minutes after pancuro- 
nium (80 pgikg) while for pipecuronium the times 
were 70 ? 22 minutes and 98 5 19 minutes after 70 
pgikg and 85 pgikg, respectively. 

As with other muscle relaxants, the speed of 
recovery of muscle function after neostigmine admin- 
istration was dependent on the degree of neuromus- 
cular blockade. Ten minutes after the administration 
of neostigmine (2.5 mg) approximately 213 of our 
patients had either greater than 90% recovery of T1 or 
a T4IT1 ratio greater than 75%. The mean recovery of. 
T1 and T4IT1 ratio prior to neostigmine administra- 
tion in these patients was 28.7 2 14.1% and 9.2 2 
10.8%, respectively. The remaining 15 patients who 
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Table 2. Hemodynamic Findings (Mean % SD) Before and 1 and 2 min After Administration of Pipecuronium or Saline 
Dose ( P g w  Awake Asleep 1 min 2 min 

80.8 t 16.7 82.3 t 17.5 87.7 t 13.8 81.6 t 15.6 
71.7 2 16.4 70.7 ? 10.8 66.5 t 9.4 63.8 t 8.4 
80.9 t 24.6 92.3 t 19.1 80.5 f 16.4 79.5 t 14.7 

Saline 88.3 t 20.3 83.8 t 16.9 79.7 t 13.2 76.0 t 13.2 

Mean t SD 81.6 t 20.3 83.6 = 16.9 77.4 t 14.6 75.1 t_ 14.6"* 

{ F  Heart Rate* 
(beatsimin) 

108.2 2 24.4 138.9 2 13.8 123.6 t 22.2 104.7 k 22.7 
100.6 ? 17.3 130.9 2 15.5 115.2 t 16.9 105.7 2 17.0 

145.9 t 23.7 125.3 +- 26.4 111.5 t 19.6 107.9 t 16.1 
134.9 i 20.0 108.5 2 13.7 105.9 +- 15.2 105.4 2 15.3 

105.5 t 17.8 137.3 2 19.0 117.1 2 20.3*' 106.8 t 18.0"" 

Saline 

Mean t SD 

{: 
62.5 t 15.8 63.8 t 15.7 78.2 2 7.8 69.9 +- 15.8 

65.0 t 8.8 58.7 t 12.2 55.4 t 12.6 51.6 t 7.2 
73.3 t 16.0 70.5 t 16.8 62.4 t 13.1 60.0 t 10.1 

Saline 73.0 _f 10.4 61.0 2 8.9 60.1 t 9.2 60.0 t 9.1 

Mean t SD 60.1 t 12.4 59.0 2 11.2 72.4 t 11.6 64.6 t 13.8** 

1'" Diastolic BP* 
(mm Hg) 

Saline 

Mean f SD 

- 

Cardiac Output' 
(Limin) 

5.2 2 1.3 4.9 2 1.2 
5.3 _f 1.3 5 5 t 1.6 
5.9 t 1.6 5.7 t 1.5 
6.6 t 1.9 5.7 ? 1.8 

5.8 2 1.7 5.5 t 1.6 

4.5 t 1.0 
5.3 2 1.3 
6.0 2 2.1 
5.4 t 1.5 

5.3 t 1.6 

* = No difference between groups 
** ~ 

~ P < 0.05 far difference from previous value 

were reversed at a T1 recovery of 13.2 i 7.0% had a 
mean T1 recovery of 67.9 i 19.2% and T4IT1 ratio of 
51.4 t 15.6% ten minutes after neostigmine admin- 
istration. These patients required either longer than 
10 minutes, or a second dose of reversal agent to 
achieve full recovery of muscle function. 

Unlike pancuronium, the cardiovascular effects of 
pipecuronium were minimal. While blood pressure, 
heart rate, and cardiac output tended to decline over 
the course of the study, the changes were similar 
after injection of pipecuronium and saline placebo. 
Such cardiovascular changes as did occur were attrib- 
uted to a continuing effect of the induction drugs, 
thiopental, and fentanyl, since the patients were not 
stimulated or given other drugs at this time. Pipecu- 
ronium is thus like vecuronium in the absence of 
cardiovascular effects. It does not cause tachycardia 
and blood pressure elevation as seen with pancuro- 
nium during balanced (6) and halothane anesthesia 
(7). We compared the cardiovascular effects of pipe- 
curonium to a saline control to allow us to draw 
conclusions on the direct effects of pipecuronium. I t  
also allows for an estimate of the underlying continu- 
ing effect of the anesthetic regimen which were mea- 
surable even 5 to 10 minutes after induction. Other 
studies (6,7) have failed to take these into account so 
that underlying anesthetic effect were incorporate into 
the drug effect. Future, well designed, comparative 

studies are warranted to determine the advantages 
and disadvantages of pipecuronium over the other 
widely used neuromuscular relaxants. 

In conclusion, pipecuronium has a relatively rapid 
onset of effect, providing good to excellent intubating 
conditions within 3 minutes after the administration 
of a 70 pglkg dose. During balanced anesthesia, in 
doses ranging from 70-100 pgikg, pipecuronium pro- 
vides clinical neuromuscular relaxation of 1-2 hours 
duration. Because 85 and 100 Fgikg took longer to 
recover, we recommend these higher doses for longer 
procedures and when a slightly more rapid onset is 
desired. Full recovery of neuromuscular function 
after neostigmine (2.5 mg) administration was ob- 
served within 10 minutes in the majority of patients. 
However, patients with less than 20% recovery of T1 
prior to the administration of neostigmine may re- 
quire more than 10 minutes or a second dose of 
reversal agent to achieve full recovery of muscle 
function. Pipecuronium can be recommended as a 
long-acting neuromuscular blocker with predictable 
neuromuscular properties and an absence of cardio- 
vascular side effects. 
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Fifty-Seven Years Ago in 

E. I .  McKesson: Nitroits oxid unrstliesiu: N considercitioti of some 
associated factors. Anesthesi~i ulnd Andgesia: I Y32;/1:54-9. 

he author of this article, E. I .  McKesson (1881-1936). is of such stature in the history 
and development of anesthesia in the era between 1907 and 1930 to deserve a 
subsequent historical note all to himself. The subject of this paper itself is, neverthe- 

less, worthy of the attention of today’s anesthetist. Not that it deals with nitrous oxide. I t  
doesn’t, except to emphasize that premedication with hyoscine (scopolamine), morphine. 
and a barbiturate to the point of sedation, never “deep sleep.” is absolutely essential prior 
to administration of nitrous oxide. The “associated factors” are what make the substance of 
this paper noteworthy. They provide a rare glimpse into the realities of everyday practice of 
anesthesia and surgery in the 1920s and 1930s. Take. for example. the statement, sure to be 
enigmatic to most modern anesthetists. that during thyroid surgery “nitrous oxid-oxygen 
may be administered under pressure to compensate for the partial obstruction to respiration 
until the vessels are tied.” First, this reflects the fact that in this era the main reason for 
thyroid surgery was hyperthyroidism. not non-toxic nodular goiters. Second. since there was 
no effective way of controlling hyperthyroidism medically, surgery was resorted to. Third, 
when resorted to, surgery all too often involved the real risk of potentially lethal intra- or 
postoperative thyroid storm. Because surgical risk was so substantial, surgery was some- 
times delayed until thyroid enlargement had progressed to the point i t  impaired the airway. 
Finally, because of the danger of thyroid storm, surgery consisted not of thyroidectomy, but, 
instead, ligation of the arterial blood supply to the thyroid, often in stages and often using 
local or,  at the most, nitrous oxide anesthesia. Another insight into anesthetic and surgical 
problems to be gained from this paper centers about intraoperative management of foreign 
bodies in the trachea or bronchi, including “a tooth. fillings, a wad of gauze or cotton. an 
adenoid or tonsil, a blood clot, or a chunk of food vomited and inspired.” At this time 
tonsillectomies were routinely done in the sitting position without tracheal intubation. 
Tracheal intubation was infrequently used, even for major surgery. much less for “simple” 
T and A’s. What to do when aspiration did occur in the days before even rigid, much less 
fiberoptic, bronchoscopes were available‘? Why. give oxygen to lighten the depth of 
anesthesia until the cough reflex was restored. The patient then “usually” coughed out the 
foreign body. What happened when the patient could not cough out the foreign body is not 
dwelt upon. N o  need to. Too obvious. These and other insights offered in this article make 
us appreciate how far we have come in the last 57 years. N o  cause for self-congratulation. 
complacency. or a smug sense of our own superiority, though. How primitive may 
anesthetists 57 years from now, in 2046, regard our practices today’? 


