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Priming with anti- 
cholinesterases - the 
effect of different 
priming doses of 
edrophonium 

The effect of different priming doses of edrophonium were 
studied in 77 patients divided into seven groups (n = 11 in each). 

Edrophonium ] .0 mg.kg -I was administered either dn a single 

bolus dose (Group I: controls) or in on initial dose of O.05, O. 1, 

O- 15, 0,2, 0.25 or 0.3 mg.kg- J foUowed one minute later by the 

remainder of  the 1.0 mg.kg -t dose in Group~ !"1 to VII 
respectively. Reversa l  was  at temptea at ten per  cent  spon- 

taneous recovery of twitch height (T1)from atracurium-induced 

neuromuscular blockade. Increasing the size of the priming dose 
from 0.05 to 0.2 mg'kg -t  resulted in a stepwise increase (p < 

0.05) in recovery ofT1 and train-of-four (TOF) ratio. Higher 
priming doses (0.25 and 0.3 mg.kg i) were not associated with 
further improvement in T1 and TOF recovery. Reversal time, 
that is the time token from the first injection of edrophonium until 
the TOE ratio value had reached O_ 75 was significan@ faster (p 
< 0.01) following prim#lg with edrophonium 0-2 mg.kg -I 
(Group V) when compared to Groups 1, II, Iil, IV and VI. 
Reversal times were also significantly faster in Groups IV and VI 
when compared r the control group, 

It & concluded that 0.2 mg.kg -~ appears to be the optimal 
priming dose for administration of edrophonium in divided 

doses. 
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We reported that divided administration of neostigmine or 
edrophonium hastens the recovery of atracurium-induccd 
neuromuscular blockade as compared to a single bolus 
administration of the antagonist, t,2 We also demonstrated 
that a one minute priming interval and the adminislration 
of edroph0nium in divided doses resulted in the fastest 
recovery rate following antagonism of atracurium in- 
duced neuromuscular blockade as compared to different 
combinations of neostigmine and edrophonium at differ- 
ent intervals. 3 

This study was undertaken to investigate the reversal 
characteristics following different priming doses of 
edropbonium. 

Methods 
After institutional approval, 77 ASA physical status I or I1 
adult patients undergoing minor elective procedures were 
studied. All patients were free of neuromuscular~ renal or 
hepatic disease and were not taking any drugs known to 
interfere with neuromuscular function. Informed consent 
was obtained. All patients were premedicated with 
diazepam 0.15 mg'kg-I PO 90 minutes preoperatively, 

An intravenous infusion of lactated Ringer's solution in 
five per cent dextrose was established prior to induction. 
The ECG and nasopharyngeal temperature were moni- 
tored continuously by a Medishield ~ MI monitor. Blood 
pressure was measured every five minutes by an electron- 
ic oscillotonometer (Dinamap| 

In all patients, anaesthesia was induced with fentanyl 
2.0 ~g.kg -t thiopentone 5.0 mg.kg -~ and was maintained 
with 70 per cent nitrous oxide in oxygen and halothane 
(0.5-1 per cent). Ventilation was adjusted to maintain 
normocapnia and end-tidal COz was monitored by a 
Datex infra-red CO2 analyzer. 

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 e peripheral nerve stinlulator 
(Biometer). The resultant contraction of adductor pollicis 
was recorded using a force displacement transducer and 
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TABLE 1 Demographic data (n = l I in each group). Median 
values -+ standard errors 

Age Weight Sex 
Group (years) (kg) M/F 

7" 30 • 1.7 67 -+ 2.9 6r 
tl 32 --+ 3.2 63 --- 6 I 7,'4 
Ill 34 -'z_ 4.3 60 +- 6.1 6/5 
IV 34 -+ 5.5 67 -+ 3.8 6/5 
V 2B +- 4- 60 -+ 3.2 7/~1 
VI 31 -'- 4 60 - 4 7/4 
VII 30 +- 1.4 68 -+ 2.3 615 

*Co~tuol group. 

neuromuscular function analyzer (Myograph 2000 Bin- 
meter). 4 Preload tension on the thumb was maintained at 
300 throughout the investigation. 

After stablization of twitch recording, atracurium 0.5 
mg-kg -I was administered and tracheal intubation was 

performed at maximum block. Patients were excluded 
from the study if additional doses of atracurium were 
given. 

At the end of surgery, when spontaneous recovery had 
begun and the first twitch (TI) of the TOF returned to ten 
per cent of the control value, patients were assigned 
randomly to one of seven groups (n = 11 in each). The 
same total dose of edrophonium 1.0 mg.kg - ] ,  was given 
to all patients. In Group I (controls) edrophonium was 
administered as a single bolus dose. In Groups/1 to VII, 
edrophoaium was administered as an initial dose of 0.05, 
0,01, 0.15, 0.20, 0.25 or 0.30 mg.kg -I respectively 
fo[towed one minute later hy the rest of the doge. In all 
patients atropine 0.02 mg'kg -~ was administered before 
the edrophonium. Patients continue to inhale 70 per cent 
nitrous oxide in oxygen and 0.5-1 per cent halothane until 
all measurements were complete. Antagonism of block 
was considered adequate when a TOF ratio (the amplitude 
of the fourth to the t int  evoked response, T4/T 1) of 0.75 
was attained. 5 Further assessment of the patients wag 
carried out in the Recovery Room for 60 minutes using 
clinical criteria such as ability to open eyes, cough and 
sustain a head lift. 

The following parameters were calculated: (a) T 1 and 
TOF ratio just before the adlninistration of the second 
dose of the antagonist; (b) time for the twitch height (T1) 
to recover from 25 to 75 per cent of control (recovery 
index); and (c) reversal time, was the time taken from the 
first injection of the antagonist until the TOF ratio value 
had reached 0.75. 

Data analysis 
Statistical analysis was performed by the RMDP pack- 
age. 6 Data for the patients were compared by Kruskal- 
Wallis one way analysis of variance. The two-tatted 

Mann-Whitney U-test was used for comparison between 
groups; a value of p < 0.05 was considered to be 
sigmficant. 

Resulls 
All results are expressed as the median --. standard error of 
the mediart. There was no significant difference among 
the seven groups with respect to age, body weight and sex 
distribution (Table I). 

Maximum effect of the priming dose 
Increasing the size of the priming dose of cdrophonium 
from 0.05 mg.kg - I  to 0.3 mg'kg -I resulted in a greater 
recovery of TI and TOF ratio (p < 0.05) in Groups V to 
VII each as compared with Group I1, Ill and IV (Table II). 
In addition, the degree of recovery of the twitch height 
(T1; per cent of control value) was significantly greater in 
Groups 1II and IV each as compared with Group Ii and 

Groups II and III respectively, Als0, TOF ratios were 
significantly greater in Groups IIl and IV each as 
compared with Group II (Table I1). 

TOF ratios at 3 rain from the first administration of 
edrophonium are shown in "Fable II. The ratio was 
significantly higher (p < 0,01) in Group V when 
compared with groups 1, II, Ill, IV and VI. 

Recovery index and reversal time 
There was no significant difference in the recovery 
indices among the groups whether edrophonium was 
administered as a single bolus (Group I) or in divided 
doses (Groups [1 to VII). 

Adequate antagonism (a TOF ratio of 0.75) was 
obtained in all patients, Reversal time was significantly 
faster (p = 0,0094 or less) in Group v when compared to 
Groups I, II, III, IV and VI (Table II). Reversal times 
were also shorter (p = 0.02) in Groups IV and VI when 
compared to the control group (Group I). Reversal time in 
Group VII was not significantly different from the other 
groups. 

D i s c u s s i o n  

Recent studies have demonstrated that edrophonium in 
adequate doses can produce a rapid onset of amagonism of 
nondepolarizing mttscle relaxants with a duration of 

7 14 action equivalent to that of neostigmine. - Neverthe- 
less, several studies demonstrated that edrophonium in 
doses between 0.5-0.75 mg.kg- ~ cannot be relied upon to 
antagonize relatively deep blocks produced by pancuron- 
ium, atracurium and vecuronium.7'~2'~'t- 17 Antagonism 
of relatively profound degrees of blockade may be 
difficult ~,-ith edrophonium, s. 13-17 Rupp et al. ~ s suggest- 
ed that the edrophonium dose should be at least 1.0 
mg'kg -1 in order to achieve antagonism as rapid as 
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TABLE I] Priming dose, priming interval, flint twitch (TI), train-of-four (TOF) ratio, recovery index and reversal time. Median 
values x standard errors 
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Maximum effect of the priming dose* 
Priming Priming 
dose imerval T1 TOF ratio Recovery index Reversal time 

Group (mg.kg -p ) (rain) (% of control) TOF ratio at 3 rain.l" (sec) (see) 

1 m 

II 0.05 
Ill 0A0 
IV 0.15 
V 0.20 
V[ 0.25 
VII 0.30 

- -  - -  0.54 -+ 0.04 95 • 66.4 675 -" 77.9 
30 ~ 2.9 O.l • 0.04 0.6,3 • 0.03 70 +-- 5.8 3813 +_ t14- 
40--. 35w 0.17 _* 0.f13w 0 61 "r 0.05 75 "*" 11.5 435 "r 165.9 
52 "r 3.2w 0.25 • 0,06w 0.62 + 0.03 70-+ 7.2 390 • 86.6** 
60 • 4.6�82 0.47 • 0.07�82 0.75 • 0.03:~ 75 - 31.8 160 -'- 54.811 
60 • 8.6�82 0,36 • 0.03�82 0.60 • 0.03 50 -+ 14.4 440 �9 31.8"* 
70 = 12.9�82 0 37 • 005�82 0.61 + 0.08 50 • 24.5 500 "r 155.9 

*Just befere the administration of lhe second dose of edrophonium. 
tFrorn the first administration of edrophonmm. 
Sp < 001 r with Group 1, II. HI, i v  and VI. 
w < 005 as compared with Group 11 
~lp < 0.05 as compared with Group 1I, 1II and IV. 
I[Reversal time significantly faster (p = 0A3094 or less) in Group V when compared with Groups 1, I1, Ill, IV and VI 
**Reversal times significantly faster (p - 0.02) in Groups IV and VI when compared wilh control group (Group 1). 

neostigmine 0.04 mg.kg-  i when twitch height is 2 - 1 0  per 
cent of control. 

in this study, reversal from 90 per cent twitch depres- 
sion was achieved within 10 minutes following adminis- 
tration of a single bolus of edrophonium 1.0 mg.kg -t  . It 
might be implied that larger doses of edrophonium 
resulted in a sufficient concentration of drag to be present 
for inhibition of acetylcholincstcrase enzyme to be 
maintained. 

The hypothesis that administration of antieholinester 
ases in divided doses will markedly shorten the reversal 
time of atracurium was clearly demonstrated in previous 
studies. 1-3 

In priming studies of non-depolarizing muscle relaxants, 
increasing the size of the priming dose resulted in increas- 
ing fade of the TOF ratio, as well as an acceleration of the 
onset of paralysis following the administration of the 
second dose)  8'~9 This observation is consistent with a 
larger"margin of safety" at the neuromuscular junction.2~ 
In this study, increasing the size of the priming dose of 
edrophonium from 0.05 mg-kg- i to 0.30 mg,kg -1 resulted 
in stepwise increase (p < 0.05) in recovery of T 1 and TOF 
ratio with each increase in the dose up to 0.2 mg-kg- ' .  
This effect is also consistent with the margin of safety in 
the inhibition of the acetylcholinesterase enzyme, as 
described by Barber et al. 21 However, no further im- 
provement in the recovery TI and TOF was observed with 
higher doses of edrophonium (0.25 and 0.3 mg 'kg- I ) .  

In the presem study, following administration of the 
antagonist in divided doses, reversal time was significantly 
faster following priming with edrophonium 0.2 mg.kg i 
(Group V) when compared to Groups I, II, III, IV and 
VI. The improvement in the reversal time seen with a 

priming dose of 0.2 mg-kg -~ could be attributed to the 
larger TOF ratio present before the second dose was 
given. Reversal times were also significantly faster 
following priming with 0.15 mg.kg t and 0.25 mg 'kg  -t  
in groups IV and VI respectively, as compared to the 
control group (Group I). This might indicate that priming 
with smaller doses of edrophonium (0.05 or 0.1 mg.kg-  ~) 
was not sufficient to bring about a reduction in the 
"margin of safety" in enzyme inhibition. Therefore, no 
significant acceleration of reversal was observed in the 
latter groups. On the other hand, increasing the priming 
dose of edrophonium to 0.3 mg 'kg  -I  was not associated 
with any significant shortening of the reversal time. This 
is difficult to explain. Nevertheless, it could be assumed 
that the size of the two doses (priming and second dose) 
used in the latter group (Group VII) was not optimal and 
might have exerted a curare-like action which opposed 
any further facilitation of transmission. This effect has 
been described foilowing the administration of high doses 
of antichnlinesterases. 2e Payne et al.  2~ reported that the 
administration of a second dose of 2.5 neostigmine caused 
reduction in the peak tetanic contraction and tetanic fade. 
In contrast, Fox et al.24 failed to demonstrate any increase 
in fade in the TOF ratio after administration of two doses 
of 2.5 mg neostigmine separated by a 2-min interval. 
However, the results of these studies 23'2'* are difficult to 
compare because of different anaesthetic, stimulating and 
recording techniques used. Foldes et al. 2s reported that 
the antagonist potency of anticholinesterases and the 
maximal recovery after the use of the optimal concentra- 
tions of these antagonists was less in the preparations 
stimulated with short train of tetani than in those stimulat- 
ed with single impulses. 
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In this study as well as the previous t-eports ~ -3 we tried 
to identify the components of an ideal priming combina- 
tion (the priming dose, the palming interval, and the 
second antagonist). If  we combine the results of these 

studies it would appear that administration of edrophon- 
ium in divided doses (0.2 rag,ks -I  followed by 0.8 
mg'kg -~) with an interval of one minute between the 
doses is the optimal combination of those studied. 

In conclusion, we demonstrated that the reversal of 
atracurium-indueed neuromuscular blockade could be 
accelerated by divided administration of edrophonium. 
Priming doses in range of 0.15 to 0.2 mg.kg -~ , followed 
one minute later by the remainder of the 1.0 mg.kg-  i dose 
resulted in a significant acceleration in the reversal time as 
compared to a single bolus administration of the antagon- 
ist. Acceleration in the reversal time, however, was 
more marked following priming with the 0.2 mg.kg - j  
dose. Therefore, for rapid antagonism of deep atracur- 
ium paralysis (at 90 per cent depression of twitch height), 
we recommend the administration of edrophonium 0.2 
mg'kg - t  as the priming dose, followed by 0.8 mg.kg - t ,  
with an interval (priming interval) of one minute between 
the doses. 
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R~sum6 
L'eJ~et de dif(~rentes d~:se,~ d'amorce d'~drophonium a ~t~ 

dtudid chez 77 patients divisds en sept groupes (n = 11). 

L'~drophonium 1.0 mg.kg -t a dM adminL~trd soil en une dose 

unique (Groupe 1. contr6le ) ou en une doxe initiale de 0.05, O. 1, 

O. 15, 0.2, 0.25 ou 0.3 mg'kg - j  suivi une minute ph~s tard par le 

restunt de ta dose de 1.0 mg'kg -t pour les Groupes H d VII. 

L'antagonisme a ~t~ tent~ apr~s une r~cup~ration spontan~e 
dLr pour cent de la hauteur de twitch (TI) aprds un bloc 

neuromuseulaire induit par f'atracurium. L'augmentation de la 
dose d'amorce de 0.05 d 0..2 mg.kg - j  a produir une augmenta- 

tion tie plus en plus accrue (p < 0.05) dons la rdeupdration de T1 

et du rapport de l'ond~e.de.quatre (TOF). La plus grande dose 

d'amorce ( O.25 et O.3 mg.kg t ) n' dtait pas associde avec de plus 

grandes arm~.liorations dons la rdcupdration de 7"1 et TOF. Le 
temps d'antagonisme, qui repr~sente le temps du ddbut de la 

premiire injection d'~drophonium jusqu'd l~obtention d'un 

rapport de TOF de O. 75 ~tait signti~cativement plus rapide (p < 
0.0t) apr~s la dose d' amoree d'~drophonium de 0.2 mg'kg -j 

Groupe V) en comparaison Groupe 1, H, Ill, IV et I;I. Les temps 

d'a~tagonisarion ~taient au:~si significati~,ement plus rapides 

clans les groupes IV et VI comparativement groupe contr6le, On 

conclut que la dose de 0.1 mg'kg -t apparMt optimale comme 

dose d'amoree pour 1'administration de t'ddrophonium en 

doses fractionndes. 


