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Edrophonium priming 
alters the course of 
neuromuscular recovery 
from a pipecuronium 
neuromu s c u 1 ar 
blockade 
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This study was designed to investigate the effect of divided 

administration of edrophonium on the course of neuromuscular 

recovery from a pipecuronium neuromuscular blockade. During 

thiopentone-nitrous oxide-halothane anaesthesia 48 patients 
were given pipecuronium 70 I.~g" kg- t. Patients were randomly 

assigned to one of four groups (n = 12 in each) to receive 
either edrophonium I mg . kg -t (Groups i and Ii) or edrophon. 

ium O. 75 mg. kg-t (Groups III and IV). in Groups I and Ill 

(single-dose groups), edrophonium was administered as a 

single bolus dose. in Groups H and IV (divided-dose groups) 

edrophonium was administered as an initial dose of 0.25 

rag. kg -t followed three minutes later by either 0.75 or 0.50 

rag. kg -t respectively. Reversal was attempted at 20% sponta- 

neous recovery of twitch height. Administration of edrophonium 
in divided doses (Groups II and IV) accelerated the reversal of 

the pipecuronium neuromuscular blockade. At ten minutes 

post-reversal, train-of-four (TOF) ratio recovery reached O. 75 
or more in 12 (100%) and in ten (83%)patients in Groups II and 

IV respectively. Similarly, times to attain a TOF of 0.75 (SEM ) 

were shorter in the divided-dose groups than in the single-dose 
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groups (P < 0.05), being 354.5 (38.7) and 398.3 (49. I) sec in 

Groups II and IV vs 705.4 (66.6) and 651.2 (54.3) sec in Groups 

i and Ill respectively. Time was counted from the first 

administration of edrophonium. It is concluded that administra- 

tion of edrophonium in divided doses produced a faster reversal 

of residual pipecuronium-induced neuromuscular blockade 

than single bolus administration. Also, administration in divid- 

ed doses reduced the requirements of edrophonium needed for 

reversal of pipecuronium neuromuscular blockade. 

Nous avons voulu Evaluer l' effet de la fragmentation de doses 

d'Edrophonium injectEes pendant la phase de rEcupEration 

d'un bloc neuromusculaire au pipEcuronium. Nous injections 

d' abord d 48 patients, randomisEs en quatre groupes de 12, 70 
Ixg. kg-t de pipEcuronium Iors d' une anesthEsie au thiopental, 

protoxyde d'azote et halothane. Lorsque la force de contraction 

atteignait 20% de la valeur contrtle Iors de sa rEcupEration 

spontande, nous injections de I' Edrophonium scion le protocole 
suivant. Aux patients des groupes Ie t  Ii, nous en injections I 

rag. kg- t et d ceux des groupes Ill et IV, O, 75 mg . kg- 1. Pour les 

patients des groupes ! et I!!, r injection se faisait d' ul! seul coup, 

landis que pour ceux des groupes III et IV, on injectait d' abord 

0,25 mg" kg- t suivi du reste de la dose trois minutes plus tard. 

La fragmentation de la dose d'Edrophonium entrafna une 
rEcupEration plus rapide de la force de contraction musculaire 

(tl partir de l' injection de la fraction initiale). Ainsi, dix minutes 

post injection, ie ratio du train-de-quatre ondes (TOF) ddpassait 

0,75 chez 12 (100%) et chez dix (83%) des patiems des groupes 

II et IV. D' ailleurs, le temps de latence avant d' arriver dun ratio 
de O, 75 dtait en moyenne plus court chez les patients d dose 

fractionnEe que chez les autres (P < 0,05) soil 354,5 (erreur 
type: 38,7) et 398,3 (49,1) secondes pour les groupes II et IV 

d'une part et 705,4 (66,6) et 651,2 (54,3) secondes pour ies 
groupes ! et IH d'autre part. Dans un contexte de bloc 

neuromusculaire rEsiduel au pipEcuronium, la fragmentation de 

la dose d'Edrophonium utilisEe comme antidote en augmente 

r efficacitE et en accEl~re I'action. 
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Pipecuronium bromide is a new long-acting, nondepolar- 
izing muscle relaxant which is devoid of cardiovascular 
effects, i Wierda et al. 2 noted the variability in response to 
edrophonium 0.5-0.75 mg. kg-i during reversal of resid- 
ual pipecuronium-induced neuromuscular blockade. We 
found that edrophonium in a dose of I mg. kg- I does not 
consistently antagonize neuromuscular blockade induced 
by pipecuronium when edrophonium was given at 20% 
recovery of the first twitch (Ti) of the train-of-four (TOF) 
stimulation. 3 

We have demonstrated previously that a marked accel- 
eration of recovery of atracurium neuromuscular block- 
ade could be achieved with the administration of edro- 
phonium in divided doses. 4-8 

This study was designed to determine whether divided 
administration of different doses of edrophonium could 
alter the course of neuromuscular recovery from a 
pipecuronium neuromuscular blockade. 

Methods 
After institutional approval, 48 ASA physical status I or II 
adult patients of either sex were studied. All patients were 
undergoing elective procedures, were free of neuromus- 
cular, renal or hepatic disease and were not taking any 
drug known to interfere with neuromuscular function. 
Informed consent was obtained. All patients received 
10-15 mg diazepam p o  90 min preoperatively. 

An intravenous infusion of lactated Ringer's solution 
was established prior to induction. The ECG and nasopha- 
ryngeal temperature were monitored continuously. Body 
temperature varied less than 0.5 ~ C range throughout the 
studies. Blood pressure was measured every five minutes 
by an electronic oscillometer (Dinamap, Critikon, Inc., 
Tampa, USA). 

In all patients, anaesthesia was induced with fentanyl 2 
~g. kg -I, thiopentone 5 mg. kg -I, and was maintained 
with 70 per cent nitrous oxide in oxygen and halothane 
(0.5-1 per cent). Inspired halothane concentration and 
end-tidal CO2 were monitored by a Datex Capnomac 
monitor (Datex lnstrumentarium, Helsinki, Finland). 
Ventilation was adjusted to maintain normocapnia (PET- 
CO2 35-40 mmHg). 

The ulnar nerve was stimulated at the wrist with square 
wave supramaximal stimuli of 0.2 ms duration, delivered 
in a train-of-four (TOF) sequence at 2 Hz every ten 
seconds, using a Myotest peripheral nerve stimulator 
(Biometer International, Odense, Denmark). The resul- 
tant contraction of the adductor pollicis was recorded 
using a force displacement transducer and neuromuscular 
function analyzer (Myograph 2000, Biometer Interna- 
tional, Odense, Denmark.)9 Preload tension of the thumb 
was maintained at 300 g throughout the investigation. 

After stabilization of the twitch recording, pipecuron- 
ium 70 ~g.kg-~ was administered and tracheal intuba- 
tion was performed at maximum block. Patients were 
excluded from the study if additional doses of pipecuron- 
ium were given. 

At the end of surgery, when the first twitch (TI) of the 
TOF had returned to 20% of control value, patients were 
randomly allocated to four groups (n = 12 in each) to 
receive either edrophonium I mg. kg-~ (Groups I and I!) 
or edrophonium 0.75 mg.kg -I (Groups 111 and IV). In 
Groups I and I11 edrophonium 1.0 mg'kg -I and 0.75 
mg. kg-~ respectively was administered in a single bolus 
dose. In Groups II and IV edrophonium was administrated 
as an initial dose of 0.25 mg. kg-i followed three minutes 
later by either 0.75 or 0.50 mg. kg -I respectively. In all 
patients atropine 0.02 rag. kg- i was administered prior to 
edrophonium. 

Patients continued to receive 70% nitrous oxide in 
oxygen and 0.5-1% halothane until all measurements 
were complete. Antagonism of block was considered 
adequate when a TOF ratio (the amplitude of the fourth to 
the first evoked response; T,dTI) of 0.75 was attained, to 
Additional doses of edrophonium 0.25 mg 'kg  -~ were 
given at 10 and 15 min if the TOF ratio had not reached 
0.75. Further assessment of the patients was carried out in 
the Recovery Room for 60 minutes, using clinical criteria 
such as the ability to open eyes, cough and sustain a head 
lift. 

The following variables were calculated: 
(a) Time from the end of injection of pipecuronium to 

20% recovery of TI (clinical duration); 
(b) Time from injection of the edrophonium until first 

increase of the twitch was observed (onset time); 
(c) TOF ratio three minutes after first administration of 

edrophonium (just before the administration of the 
second dose in Groups II and IV); 

(d) Times to attain TOF ratios of 0.25, 0.5 and 0.75; 
(e) TOF ratio and TI value (% control) versus time after 

f'trst administration of edrophonium; 
(f) TOF ratio at ten minutes; and 
(g) The TOF ratio at 20% increments of TI tension 

recovery. 
from the first administration of Time was counted 

edrophonium. 

Data processing 
Statistical analyses were performed by the BMDP (1990) 
statistical package (University of California Press). Dif- 
ferences between groups were evaluated with analysis of 
variance. A Student-Newman-Keuls test was used when- 
ever statistically significant differences were obtained. 

We also tested the hypothesis that recovery variables 
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TABLE Onset time, train-of-four (TOF) ratio 3 min after the administration of edrophonium, limes to attain differenf TOF ratios and TOF 
ratio at 10 min (mean + SEM) 

TOF ratio 3 min after 
Onset timew first administration TOF ratio at Dose 

Groups (sec) of edrophonium 0.25 0.50 O. 75 I0 rain rag. kg- t 

Times (see) to attain TOF ratio of  

Group I (edrophonium 
I mg'kg -t - single dose) 22.1 -+ 3.6* 0.59 -+ 0.02t" 36.2 -+ 5.5 108.7 -+ 25.3 705.4 -+ 66.5 0.72-+0.02 1.187-+0.05t" 

Group II (edrophonium 
I mg'kg-~-divideddoses) 37.9 -+ 2.9 0.42 -+ 0.02 55.4 - 3.7 206.6 -+ 6.2:I: 354.5 - 38.7:I: 0.83 -+ 0.01:1: I -+ 0 

Group III (edrophonium 
0.75 mg' kg-' - single 
dose) 38.7+-3.8 0.58-+0.011. 48.2-+6.1 119.1 -+21.6 651.2-+54.3 0.67-+0.01 1.146-+0.041" 

Group IV (edrophonium 
0.75 mg'kg- ' - divided 
doses) 36.2---3.7 0.47-+0.03 53.2• 170.8-- + 16.8 398.3• 0.82-+0.02:1:0.792---0.02 

*P < 0.05 vs other groups. 
tP < 0.05 vs divided dose groups. 
CP < 0.05 vs single dose groups. 
w time was the time taken from the injection of the antagonist until first increase of the Iwilch was observed. 

were not different whether edrophonium was adminis- 
tered in a single dose (Groups I and I!1) or in priming 
(divided) doses (Groups I1 and IV). The null hypothesis 
tested (using Scheffe 's  linear combination method) was: 

IJ, t - ~2 + I,~3 - IX4 = 0. 

For all statistical comparisons, differences were consid- 
ered significant when P < 0.05. 

R e s u l t s  

The results are expressed as means (SEM). The four 
groups of patients did not differ significantly with respect 
to age, body weight, or sex. Their mean age and body 
weight were 31.9 (I .5) yr and 63.6 (I .6) kg. 

The clinical duration of  the 70 IJ, g ' k g  -~ dose of 
pipecuronium was 60.9 (2.2), 63.6 (3), 64. I (2.4), and 62 
(2. I) min in Group I to IV respectively. 

Onset time following the administration of edrophon- 
ium I m g . k g  -~ as a single dose in Group I was 
significantly shorter compared to other groups (Table). 

The TOF recovery was initially slower when edrophon- 
ium was given in divided doses (Figure I). Three minutes 
after first administration of edrophonium (just before the 
administration of the second dose in Groups II and IV), 
the mean TOF ratios were 0.59 (0.02) and 0.58 (0.01) in 
Groups I and 11I respectively (single-dose groups). This 
was greater than the 0.42 (0.02) and 0.47 (0.03) in groups 
I1 and IV respectively (divided-dose groups). However,  
administration of the second dose of  edrophonium to the 
latter groups at that time resulted in a faster recovery of the 

TOF ratio between 5 and 10 min (Figure I). Similarly 
times to attain a TOF ratio of  0.75 were significantly 
shorter in divided-dose groups than in single-dose groups 
(Table). 

After three minutes, before giving the second dose of 
edrophonium, T~ recovery was greater in the single-dose 
groups than in Group I1 (Figure 2). Between four and ten 
minutes after first administration of edrophonium, no 
statistically significant differences were found in T~ 
recovery among the groups. 

At ten minutes after reversal, TOF ratio recovery 
reached 0.75 or more in 12 (100%) and in ten (83%) 
patients in Groups il and IV respectively (divided-dose 
groups) (Figure 3). In contrast, the same degree of 
recovery was reached in five (42%) and in one (8%) 
patients in Groups I and Ill respectively (single-dose 
groups). 

Administration of one additional dose of  edrophonium 
(0.25 mg" kg -~) resulted in adequate antagonism (TOF 
ratio of  0.75) in the remaining two patients in Group IV 
and in five and three patients in Groups I and 111 
respectively. Two such doses were required in the 
remaining two and eight patients in Groups I and 111 
respectively (single-dose groups). 

The mean total doses of  edrophonium employed in this 
study were I. 187 (0.05), 1 (0), I. 146 (0.04) and 0.792 
(0.02) mg.  kg -~ in Group I to IV respectively, The total 
doses were significantly greater in single-dose groups 
compared to divided-dose groups. 

The mean values of  TOF ratio for 20% increments of Ti 
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RGURE I Train-of-four (TOF) ratio against time after first adminis- 
tration of edrophonium, for patients who received the drug in single 
and divided doses. Error bars represent standard error of the mean 
(SEM). *P < 0.05, + P < 0.01 vs single-dose groups. 

FIGURE 3 Train-of-four (TOF) ratio in individual patients ten 
minutes after administration of edrophonium. ( - - )  Indicates the 
mean for the groups. Circles represent individual patients. + Indicates 
significant difference (P < 0.01) from the single-dose groups. 

FIGURE 2 First twitch height (T~) as % of control against time after 
first administration of edrophonium, for patients who received the 
drug in single and divided doses. Error bars represent standard error of 
the mean (SEM). *P < 0.05 vs single-dose groups. 

are shown for each group in Figure 4. When Tt < 80% of 
control, a greater recovery of TOF ratio was observed in 
Group I. In contrast, at Tt = 100% of control, TOF ratio 
was greater (P < 0.05) in the divided-dose groups being 
0.72 (0.02) and 0.74 (0.02) (in Groups 11 and IV) 
compared with 0.65 (0.02) and 0.62 (0.02) in Groups I 
and HI respectively (single-dose group). 

Discussion 
In this study, we demonstrated that recovery from 
pipecuronium neuromuscular blockade can be accelerated 
significantly by divided (priming) administration of ed- 
rophonium. This acceleration of recovery was noted 
during antagonism of atracurium blockade as well. 4-7 
Donati et al. found that divided administration anticholin- 
esterases did not result in acceleration of recovery of 
atracurium blockade.t~'~2 Others administered repeated 
doses of neostigmine (70 p,g. kg- '  each) in the presence 
of profound vecuronium neuromuscular blockade and 
concluded that repeated administration of neostigmine 
provided no evidence of hastened recovery, t3 

We reviewed the previous studies ~ t-t3 in an attempt to 
find possible explanations for the difference in the results 
obtained. The most striking differences were in the 
anaesthetic techniques used, the stimulation frequencies, 
the level of block at which anticholinesterases were 
administered, size and time interval between the two 
doses of the antagonist, and the way in which data were 
analyzed. We believe that these differences can explain 
many of the reported differences 4-a,tt- t3 for the follow- 
ing reasons. First, in the studies reported by Donati et 
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RGURE 4 Relationship of train-of-four (TOF) ratio and first Iwitch 
tension (Tj) during the antagonism of residual pipeeuronium 
blockade after administration of edrophonium in a single dose (Groups 
I and III) or in divided (priming) sequence (Groups II and IV). 
Error bars represent standard error of the mean (SEM). + P < 0.05 vs 
other groups *P < 0.05 vs divided-dose groups 

al.  11'12 which demonstrated no acceleration of reversal 
with neostigmine or edrophonium priming, the inhala- 
tional agent used was enflurane instead of halothane. 
Enflurane, unlike halothane, is known to impair neostig- 
mine 14 or edrophonium Is assisted recovery. Miller et al. 16 

pointed out that the interaction of muscle relaxants with 
different anaesthetics may occur by different mechanisms. 

Secondly, in our previously published reports with 
respect to edrophonium priming, 4-7 we administered 
edrophonium at 10% recovery of Ti. Donati et al .  12 

administered edrophonium when TI had recovered to a 
mean value (SEM) of 10.6% (1.0%) of control. This 
represents a standard deviation of 3.162. In other words, 
some of their patients were given edrophonium when T~ 
had recovered to approximately 6.8% (mean - 1 SD) of 
control value. The same group has reported t7 previously 
that the effectiveness of edrophonium was found to be 
critically dependent on the intensity of the block at the 
time it was administered. Thirdly, the number of patients 
(n = 20, divided into two groups) included in the study 
reported by Donati et al .  t2 was sufficient to detect a 
difference of 10% or more. Nevertheless, they noted a 
greater recovery in TOF ratio (a 9% difference) at seven 
minutes in patients who had received edrophonium in 
divided doses. Perhaps increasing the number of patients 
included in that study t2 could have affected the results. 

In addition, the study reported by Magorian and 
colleagues 13 bears no resemblance to our reported 
studies. 4-7 They administered the first dose of ne- 
ostigmine (70 la, g ' k g - ' )  during profound vecuronium 
blockade (no twitch) and the second dose when Tt had 

recovered to 10% of control value and concluded that 
repeated administration of neostigmine does not alter the 
course of recovery. 13 

In this study we tried to answer a specific question - 
does administration of edrophonium in divided doses 
result in a noticeable acceleration of recovery over a 
single dose of the drug? Rather than using multiple 
comparisons, we tested the hypothesis directly using 
Scheffe's linear combination method. Our results indicat- 
ed that there was a highly significant increase in TOF 
recovery in divided dose groups vs single dose groups 
(Figure I). Also of note is that administration of a smaller 
dose of edrophonium in divided doses (0.75 rag. kg-I), in 
Group IV was more effective than the single administra- 
tion of a larger dose (I rag. kg- ~, Group I). For example, 
time to attain TOF ratio of 0.75 were 705.4 sec ( I I. 7 min) 
vs 398.3 sec (6.6 min) and TOF ratios at ten minutes were 
0.72 vs 0.82 in Groups I and IV respectively (Table). 
Furthermore, the mean total doses of edrophonium 
employed in this study were significantly greater in the 
single-dose groups than in the divided-dose groups. 

Donati et a/. tt'=2 suggested that the time to an 
arbitrarily defined end-point (TOF of 0.75) could result in 
a disproportionate shortening of reversal time and indicat- 
ed that TOF ratio should be plotted against time in order to 
demonstrate changes with respect to time. A TOF ratio of 
0.75 is usually considered as an ind ica t ion  of adequate 
recovery from a neuromuscular blockade. I~ Neverthe- 
less, Figure I clearly demonstrates the difference in TOF 
recovery between divided-dose groups vs single-dose 
groups. 

It is beyond the scope of the current study to address the 
possible mechanisms involved. 4-s't~'12 Donati et al .  t 1,12 

proposed that muscle contraction-induced changes in the 
blood flow could explain the effectiveness of priming 
with anticholinesterases. They suggested that the priming 
dose of edrophonium produces sufficient recovery of 
neuromuscular activity to be associated with considerable 
muscle contraction. Thus, muscle oxygen requirement is 
likely to be greater. It follows that blood flow is probably 
also greater, to keep up with metabolic demand. Increased 
muscle blood flow would increase delivery of the second 
(and the larger) dose of the drug to the muscle and thereby 
accelerate the recovery. We suggested earlier 4-s that a 
reduction in the "margin of safety ''Is of acetylcholines- 
terase enzyme could explain this phenomenon. Another 
possible explanation is related to the differential prejunc- 
tional activity of edrophonium priming at the neuromus- 
cular junction. In an earlier study, 7 we noted that this 
differentia] ability to reverse fade was involved in the 
acceleration of recovery following administration of 
edrophonium in divided doses. In the current study, when 
first twitch tension (Tt) had recovered to 100% of the 
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control, it was found for the same tension that TOF ratios 
were greater (P < 0.05) in divided-dose groups than in the 
single-dose groups (Figure 4). Nevertheless, the question 
at hand should be answered by monitoring miniature 
end-plate potentials with both techniques of drug adminis- 
tration (single vs divided). 

Whether it is appropriate to administer edrophonium in 
divided doses is a relevant clinical consideration. The 
results of this study, when compared with our previously 
reported results, 3 confirm that administration of edro- 
phonium in a single dose (Groups I and I11) did not 
consistently antagonize residual neuromuscular blockade 
induced by pipecuronium at 20% recovery of Tt. While 
edrophonium is known to be a less reliable antagonist of 
moderate to deep levels of neuromuscular blockade than 
neostigmine, 3 we have demonstrated in this study that 
divided administration of the edrophonium could alter the 
course of neuromuscular recovery from a pipecuronium- 
induced neuromuscular blockade. 

We conclude that when reversal was attempted at 20% 
recovery after a single bolus dose of pipecuronium, 
divided administration of edrophonium not only acceler- 
ated the recovery of residual neuromuscular blockade, but 
also reduced the requirements of the edrophonium needed 
for adequate reversal of the block. 
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