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Neostigmine, 
pyridostigmine and 
edrophonium as 
antagonists of deep 
pancuronium blockade 

To compare the ability of equipotent doses of  neosrigmine, 
pyridostigmine and edrophonium to antagonize intense pancu- 
ronium neuromuscular blockade, one hundred and twenty ASA 
physical status I or 11 patients scheduled for  elective surgery 
received 0.06 mg.kg - j  pancuroniura during a thiopemone- 
nitrous oxide-enflurone anaesthetic. Train-of-four stimulation 
was applied every 12 s and the force of contraction of the 
adductor pollickr muscle was recorded. In the first  60 patients, 
spontaneous recovery was allowed until ten per cent of  initial 
first twitch height. Then neostigmine (0.005, 0.01, 0.02 or O.05 
mg.kg I), tryridostigmine (0.02, 0.04, 0.1 or 0.2 rag.ks-:), or 
edrophonium (0.1.0.2, 0.4 or I mg.kg t) was injected by random 
alloealion. Dose.response relationships were established from 
the measurement o f  first twitch height (7"I) ten minutes later. 
From these, neostigmine, 0.04 and 0.08 mg.kg - t  was four~ to 
be equipotent to pyridostigmine, 0.2 and 0.38 mg'kg -l ,  and 
edrophonium, 0.54 and t .15 mg.kg -1 , respectively, These doses 
were given by random allocation to the next 6O patients, but at 
one per cent spontaneous recovery. Neostigmine, 0.04 mg-kg- J, 
produced a TI of  73 + 4 per cent (mean -*" SEM), and a 
train-of-four ratio (TOF) of  39 + 3 per cent. This was 
significantly greater than with pyridostigm~ne, 0.2 mg'kg -1 
(TI = 50 • 6 per cent; TOF = 25 +- 3percent), and edrophonium, 
0.54 mg.kg -t  (T1 = 54 : 3 per cent; TOF = 17 +- 2 per eenO. 
With the higher doses, neostigmine, 0.08 mg.kg -2, produced 
more recovery ofT1 (83 : 3per cent) and TOF f45 +- 3 per cent) 
than either pyridostigmine, 0.38 mg4:g -1 (T1 = 74 • 3per cent) 
or edrophonium, 1.15 mg'kg -I (TI = 71 +-- 4 per cent: TOF = 
30 + 3 per cent). It is torn'laded that neostigmine is more 
effective than the other two agents in the antagonism of deep 
pancuronium blockade. 
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The effects of non-depolarizing muscle relaxants on neuro- 
muscular function are Usually reversed with neostigmine, 
pyridosdgmine or edrophonium. 1,2 The efficacy of these 
agents is altered considerably by the intensity of  blockade 
at the time they are administered) -s  

Edrophonium, 0.5 mg.kg -I ,  was found to be less 
effective than neostigmine, 0 .04-0.05 mg-kg -t , in the 
antagonism of deep atracutium, vecuronium, or pancuro- 
nium blockade. 4'~ These comparisons were based on a 
neostigmine: edrophonium potency ratio of  12 deter- 
mined by Cronnelly et al. 2 during a stable infusion of 
d-tubocurarine. However, after neuromuscular blockade 
produced by pancuronium, the edrophonium:neostig- 
mine potency ratio was found to be 16. 6 Therefore, it is 
possible that the dose of edrophonium used in the studies 
of deep blockade antagonism, was too low. Furthermore, 
the efficacy of pyridosdgmine in the antagonism of 
profound neuromuscular blockade has not been evaluated. 

This study was designed to determine equipotent doses 
for the reversal agents when administered at 90 per cent 
pancuronium blockade, and then to give them at 99 per 
cent blockade. Dose-response curves were established 
for neostigmine, pyridostigmine and edrophonium at ten 
per cent first twitch height spontaneous recovery. From 
these, equipotent doses were calculated and then given in 
the same clinical conditions, but at a greater degree of 
neuromuscular block (one per cent first twitch height 
recovery). In all eases, recovery was assessed at a fixed, 
clinically relevant time (10 min) after injection of the 
reversal agent. 

Methods 
The protocol was approved by the Hospital Ethics 
Committee. One hundred and twenty ASA physical status 
1 or II adults, aged 18-75 years, were studied during 
elective surgical procedures of  at least 90 rain duration. 
Patients with hepatic, renal or neuromuscular disease 
were excluded, as were those with electrolyte abnormality 
and those taking any medication gnown or suspee t~  of 
interfering with neuromuscular function. Premedication 
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consisted of atropine, 6 -10  ~g-kg -1 , or glycopyrrolate, 
3-5 Isg.kg -L and morphine, 0.1 mg.kg i or meperidine, 
I mg'kg -1, given intramuscularly 1 h before the sche- 
duled start of the procedure. On arrival in the operating 
room, the patient's ECG and blood pressure were moni- 
tored. Anaesthesia was induced with thiopentone, 3-5  
mg-kg- i, and maintained with nitrous oxide, 70 per cent, 
and enflurane, 0 .5-1.5  per cent inspired, in oxygen. 

The ulnar nerve was stimulated supramaximally at the 
elbow with square pulses of 0.2 ms in duration, delivered 
at a frequency of 2 Hz for 2 s (train-of-four) and repeated 
every 12 s. The hand and forearm were immobilized in a 
splint and the force of contraction of the adductor pollicis 
muscle was measured with a force-displacement trans- 
ducer (Grass FT-10), and recorded on paper. A baseline 
was established after induction of anaesthesia, while the 
patient was manually ventilated via a mask. Then, 
pancuronium, 0.06 mg.kg -~ , was given intravenously. If 
necessary, increments of 0.5 mg were given until devel- 
opment of 100 per cent blockade. Tracheal intubation was 
performed when maximum blockade was attained. The 
patients were ventilated using a Mapleson D circuit with a 
fresh gas flow of 70 ml-kg-min -1. After tracheal intuba- 
tion, the inspired enflurane concentration was kept 
constant. Intermittent doses of fentanyl, 1-2 ~g.kg -1, 
were administered if required. 

In the first part of the study, the neuromuscular 
blockade in 60 patients was allowed to recover to ten per 
cent of first twitch height. At that time, they were given 
either neostigmine, 0.005, 0.01, 0.02, or 0.05 mg.kg -j , 
or pyridostigmine, 0.02, 0.04, 0.1 or 0.2 mg-kg - j ,  or 
edrophonium, 0.1, 0.2, 0.4 or 1 mg.kg - j ,  by random 
allocation. An appropriate dose of atropine 0 .3-1.5  mg 
was also injected. No further reversal agent was adminis- 
tered for at least 10 lain. Dose-response curves were 
constructed using first twitch height and train-of-four 
ratio measured 10 rain after the reversal agent was given. 
The logit transformation of first twitch height was plotted 
against the logarithm of dose. 7 Equipotent doses for 
neostigmme 0.04 mg.kg -1 (lower dose) and 0.08 mg.kg -I 
(higher dose) were determined. 

In the second part of the study, 60 patients were 
allowed to recover spontaneously only to one per cent of 
first twitch height (99 per cent blockade), instead of ten 
percent (90 per cent blockade). Then, either neostigmine, 
pyddostigmine or edrophonium was injected, by random 
allocation, in a duse found to be equipotent to neostig- 
mine, 0.04 or 0.08 mg-kg -~ , when given at ten per cent 
recovery. Neuromuscular monitoring was continued for 
at least 10 rain, at which time first twitch height and 
train-of-four ratio were recorded. 

The results are expressed as mean -'- standard error of 

the mean (SEM), and compared using analysis of variance 
(ANOVA). When statistically significant with ANOVA, 
the Bonferroni correction was applied to Student's t test. 8 
A difference associated with a p value -<0.05 was 
considered statistically significant. 

Results 
In the lust part of the study, there were 27 mMes and 33 
females. Mean age was 45 --- 2 years and mean weight 
was 69 -+ 2 kg. The demographic data were very similar in 
the second part of the study: there were 30 males and 30 
females, age was 46 -+ 2 years and weight was 67 -+ 2 kg. 

Neostigmine, 0.04 mg.kg- ' ,  pyridustigmine, 0.2 
mg-kg -~, and edrophonium 0.54 mg.kg -t  were found to 
be equipotcnt. All three doses produced recovery of first 
twitch height to 80 per cent, ten minutes after administra- 
tion, when injected at ten per cent spontaneous recovery. 
The train-of-four ratios corresponding to these doses were 
(mean --- SE) 57 +- 3 per cent, 45 -- 2 per cent and 43 - 3 
per cent, respectively (ANOVA p = 0.004). Neostig- 
mine, 0.08 mg.kg -I , pyridostigmine, 0.38 mg-kg- n and 
edrophonium, 1.15 mg.kg-k were found to be equipotent. 
They all prodneed a first twitch height of g9 per cent when 
given at ten per cent sponlaneous receovery. The train-of- 
four ratios were 74 -+ 4 per cent, 58 - 2 per cent and 57 
• 3 per cent respectively (ANOVA p = 0.0005). 

When given at one per cent spontaneous recovery, 
doses which were equipotent at ten per cent recovery 
produced different effects. As expected, edrophonium 
was rapid in onset and pyrJdostigmine was slow (Figure 1). 
Ten minutes after the administration of the reversal agent, 
neostigmine produced a better recovery than the other two 
drugs. With neostigmine 0.04 mg.kg - t ,  first twitch 
height was 73 -+ 4 per cent, compared with 50 +- 6 pet 
cent with pyridostigmine, 0.2 mg.kg -1, and 54 + 3 per 
cent with edrophoninm, 0.54 mg.kg -1 (ANOVA p = 
0.003) (Figure 2). Train-of-four ratios were 39 - 3 per 
cent, 25 --- 3 per cent and 17 --- 2 per cent for the three 
drugs respectively (ANOVA p = 0.00005) (Figure 3). 
Using the Bonferroni correction, neostigmine was found 
to be more effective than either pyridostigmine or 
edrophonium in reversing first twitch height' and train-of- 
four ratio. For the higher doses of the reversal agents, 
neostig,nine 0.08 mg'kg - l ,  produced 83 -+ 3 per cent 
recovery of first twitch, pyridostigmine, 0.38 mg.kg - t ,  
74 - 3per cent, and edrophonium 1.15 mg-kg t 71 "" 4 
per cent (A_NOVA p = 0.03) (Figure 2). The targer values 
obtained with neostigmine were statistically different 
from those of the other two agents. Corresponding 
train-of-four ratios were 46 _ 3 per cent, 38 -'- 4 per cent 
and 30 --- 3 percent (ANOVA p = 0.01) (Figure 3). In this 
case, only the difference between neostigmine and edro- 
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FIGURE I First twitch height versus time after the administration of the reversal agents, which were injected at one per cent spontaneous recovery. 

phonium was statistically significant. None of the sixty 
patients studied had a train-of-four ratio greater than 70 
per cent after 10 min; the highest value was 61 per cent. 

Discussion 
This study demonstrated that profound pancuronium 
blockade is difficult to antagonize, even with large doses 
of reversal agents. However,  in this situation, neostig- 
mine appears to be superior to either pyridostigmine or 
edrophonium. The reversal drugs were first given at ten 
per cent spontaneous recovery, in order to determine 
equipotent doses. Then, these doses were given under the 
same conditions, except that the intensity of neuromus- 

cular blockade was greater (one per cent spontaneous 
recovery). All responses were assessed ten minutes after 
the administration of the reversal drug. This approach 
ensures that other factors which may affect the potency 
of reversal drugs, such as the relaxant used, the method 
of administration, and the time until the response is 
assessed, do not play a role. 

The lower doses chosen for the second part of the study 
(neostigminc 0.04 mg.kg-I ,  pyridostigmine 0.2 mg. kg-  t, 
and edrophonium 0.54 mg 'kg  -~) correspond to the doses 
used clinically, and were within the range of values which 
were administered previously to obtain dose-response 
curves. The higher doses were approximately twice as 
large (neostigmine 0.08 mg-kg -~, pyridostigmine 0.38 

FIGURE2 Firsttwitehheight(percentofcontrol) lOminafteradminis. 
tration of neostigmine, 0.04 mg'kg -I , pyridosdgmine, 0.2 mg.kg -I , or 
edrophonium, 0.54 mg'kg -t (lower dose), ol 0.08 mg.kg -I , 0.38 
mg-kg -t , or 1.15 mg-kg -t, respectively (higher do~). Bars represent 
SEM. 

FIGURE 3 Train-of-four ratio 10 rain after administration of ncostig- 
mine, 0.04 mg.kg -~ , pyridostigmine, 0.2 mg'kg -j , or e.clrophonium, 
0.54 mg'kg -~ (lower dose), or 0.08 mg'gg -~. 0.38 rc~'kg -], or 
1.15 mg-kg- i, respectively (higher dose). Bars represent SEM. 
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mg.kg -I, and edrophonium 1.15 mg.kg-t).  Although 
they were outside the range of values tested in the first part 
of the study, a significant error in the estimate of these 
equipotent doses could not occur unless there were major 
errors in the estimate of the slope of the regression lines. 

The dose-response curves obtained at ten per cent 
spontaneous recovery were not exactly parallel. As a 
result, the potency ratios depended on the dose chosen for 
comparison. For example, neostigmine, 0.04 mg-kg -1 
was 5 times as potent as pyridostigmine, and 13.5 times as 
potent as edrophonium. At a dose of 0.08 mg-kg -a, 
neostigmine was 4.75 times as potent as pyridostigmine 
and 14.4 times as potent as edrophonium These differ- 
ences are small, and the potency ratios are similar to those 
reported during a constant infusion of d-tubocurarine. In 
this case, neostigmine was 4.35 times as potent as 
pyridostigmine, 9 and 12 times as potent as edrophonium. 2 

This study supports earlier work which demonstrated 
that profound neuromuscular blockade was much more 
difficult to antagonize than less intense blockade. 3'4't~ In 
this study, mean fast twitch height and train-of-four ratio 
were much tess if the reversal a[~ent had been given at one 
per cent compared with ten per cent spontaneous recovery. 
In addition, the calculation of dose-response curves made 
it possible to test the hypothesis that edrophonium was 
less effective than neostigmine in the antagonism of 
intense blockade. Rupp et al. 4 assumed that edrophonium 
had 1/12th the potency of neostigmine, based on data 
obtained with a constant infusion of d-tubocurarine, 2 and 
found edrophonium 0.5 mg-kg - t ,  less effective than 
neostigmine 0.04 mg.kg -l , in the reversal of intense (two 
to ten per cent first twitch height) block. However, 
edrophonium, I mg'kg -1, was found to be as effective as 
ueostigmine, 0.04 mg-kg- ~. The results could be interpre- 
ted as being the consequence of a decreased effectiveness 
of edrophenium when given during intense blockade. 
Another explanation could be that the neostigmine: 
edrophonium potency ratio might be different if these 
drugs are given with a different relaxant (atracurium, 
pancuronium or vecuronium vs d-tubocurarine) and dur- 
ing the spontaneous recovery of the block instead of 
during a constant infusion. Our results suggest that with 
pancuronium, the neostigmine:edrophonium potency 
ratio might be sligMly greater than 12 (13-14 in this 
study; 16 in another). 6 However, even when given in 
doses which were equipotent at ten per cent spontaneous 
recovery, neostignfi.ne was more effective than edrophon- 
ium in reversing 99 per cent blockade. The effective- 
ness of pyridostigmine in the reversal of deep blockade 
has not been evaluated before. The results of this study 
indicate that it is also less effective than neostigmine in 
this regard. 

Neostigmine, pyridostigmine and edrophonium have 

actions other than inhibition of acetylcholinesterase. ~ '  j~ 
The relative importance of these actions is probably 
different for each drug, because the characteristics of 
block reversal are different. For example, the relationship 
between first twitch height and train-of-four ratio is not 
the same for all three agents. In this study, the train-of- 
four ratio was greater with neostigmine than the other two 
agents when equipment doses were given at ten per cent 
recovery. Pyridostigmine has been found to exhibit more 
fade than neostigmine, 13 and this was also observed here. 
However, train-of-four fade has been reported to be less 
with edrophonium than neostigmine, at the same degree 
of first twitch depression. 13,14 In this study, fade was 
greater with edrophonium, at 80 per cent and 89 per cent 
fu'st twitch height. This apparent contradiction is proba- 
bly due to the different conditions of the study. Jones et 
al.~4 used edrophonium to reverse less intense blocks 
(mean first twitch height of 43 per cent) than in this study 
(one to ten per cent). In another study, edrophonium was 
given at ten per cent recovery of first twitch, and was 
found to exhibit less fade than neostigmine in the range 
30-50 per cent of first twitch, but not in the 80-89 per 
cent range, corresponding to the doses used here. Thus, it 
appears that the relative importance of the train-of-four 
reversing properties of edrophonium is dose-related, 
being much less apparent when large doses are used to 
antagonize deep blockade. With the doses used in this 
study, neostigmine was the most effective in reversing 
train-of-four fade, and had the greatest effect on intense 
blockade. This suggests that effectiveness in reversing 
intense neuromuscular blockade might depend on the 
ability to reverse fade. Thus, it appears that the antago- 
nism of the effect of neuromuscular blockers on the site of 
action associated with train-of-four fade (possibly pre- 
synaptie),XS is essential for an adequate reversal of intense 
blockade. 

Clinically, adequate neuromuscular recovery (train-of- 
four ratio greater than 70 per cent), 16 cannot be achieved 
with usual doses of neostigmine, pyndnstigmine or 
edrophonium given during 99 per cent pancuronium 
blockade, unless one is prepared to wait more than ten 
minutes. Thus, it is preferable to avoid profound neuro- 
muscular blockade entirely. However, if such a situation 
arises, large doses of neostigmine (0.08 mg.kg -1) are 
more likely to produce the desirable effect than pyrido- 
stigrmne or edrophonium. 
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R6sum6 
Cent vingt patients de starer physique ASA ! ou H devant subir 

une chirurg~e dlective ant revu 0.06 mg'kg -+ de pancuronium 

durant une anesth~sie au thiopental-protoxyde d'azote-enflu- 

rane, ajin de camparer la capacit6 de doses ~quipotentes de 

ndostigraine, de pyridostigmine et d'~drophonium d neutraliser 

le btocage neuromusculaire intense du pancuronium. On a 

appliqud une stimulation de train-de-quatre gt routes les douze 

secondes et la force de la 6zmtraction du muscle adducteur du 

ponce a dM enregistr~e. Chez les 60 premiers patients, on a 

faissd la force de contraction se r~tablir de faffon spontan~e 

jusqu'a ce qu'etle atteigne dix pour cent de la hauleur initiale de 

la premiere convulsion. On a ensuite r dparti, de facon aldatoire, 

des injections de n~osti~mine (0.005, 0.01, 0.02 ou 0.05 

mg.kg-t ), de pyridostigmine (0.02, 0.04, 0.1 ou 0.2 mg.kg-J ), 

ou d'ddrophonium (O.L 0.2. 0.4 ou 1 mg'kg-J). Dix minutes 

plus tard, on a dtabli les relations dose-effet ~ part# de la 
mesure de la hauteur de ta premiere contraction (TI ). A partir 

de ces donndes, on a trouv~ que des doses de ndo.etigmine d 0.04 
et 0.08 mg'kg - t  ~taient dquipotentes d celles de 0.2 et 0.38 

mg.kg -I de pyridostlgmine et d eelles de 0.54 et 1 .J5 mg'kg -J 

d' ~drophonium respectivement. On a rdparti ces doses, de fa~on 

aldatoire, chez les 60 patients suivants, mats O un pour cent 

seutement du rdtablissement spontan& Une dose de 0.04 
mg.kg ~ de ndostigmine a produit un TI de 73 ~ 4 pour cent 

(moyenne • SEM), et un rapport train-de-quarto (TDQ) de 39 
-,- 3 pour cent. Ce rdsultat $tait significativement plus dlevd que 

celui obtenu avec 0.2 mg'kg - t  de pyridostigmine (I"1 = 50 • 6 
pour cent; TDQ = 25.4- 3 pour cent), et avec 0.54 mg.kg -t (T1 

= 54 +- 3 pour cent; TDQ = 17 • 2 pour cenO. A des dosesplus 
dlevdes, 0.08 mg.kg -t de n~ostigmine a produit un meilleur 

r~tablissement du TI (83 +- 3 pour cent) et du TDQ (45 +- 3pour 
cent) que 0.38 mg.kg-t (TJ = 74 +- 3pour cent) ou 1.15 mg.kg-I 

d'~drophonium (T1 ~ 71 +- 4 pour cent; TDQ ~- 30 +- 3 pour 

cent). Nous concluons done que la n~ostigmine est plus efficace 

que los deu.x autres agents pour nentraliser te btocage profond 

du pancuronium. 


