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Differential effects of vecuronium on the thumb and the big. toe 
muscles evaluated by acceleration measurement 
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Abstract: To clarify the differential effects of vecuronium on 
the thumb and on the big toe, train-of-four (TOF) stimuli 
were applied to the ulnar nerve at the wrist and the tibial 
nerve at the ankle in anesthetized patients using two accelera- 
tion transducers. Ten adult patients, aged 21-55 years, were 
studied. Anesthesia was induced by an intravenous injection 
of thiopental, and vecuronium 0.1 mg-kg -~ was used for pa- 
ralysis. Anesthesia was maintained with nitrous oxide (66%)- 
oxygen-sevoflurane (1 MAC). The duration of time to the 
maximal twitch depression on the thumb and the big toe was 
136.5 + 32.5 s and 183.0 -+ 40.1 s (P < 0.05), respectively. The 
time to 25% recovery of the twitch height on the thumb and 
the big toe was 48.1 _+ 17.3 min and 39.1 +_ 11.6 min, respec- 
tively; the time to 50% recovery of twitch height on the thumb 
and the big toe was 54.1 _+ 16.1 rain and 40.0 -2- 9.2 min (P < 
0.05), respectively. When paralysis was reversed at 25% of 
TOF ratio on the thumb, the value of the TOF ratio on the big 
toe was 58.5 +- 18.2% (P < 0.01). 
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Introduction 

The mechanical  response of the thumb to electrical 
stimulation of the ulnar nerve is the most widely used 
method  to detect the degree of neuromuscular  blockade 
after the administrat ion of a non-depolarizing muscle 
relaxant. Instead of the arm, however,  the leg is some- 
times used for monitor ing of neuromuscular  blockade 
when a patient  is to undergo an operat ion of the head, 
face, or arm, because the anesthesiologist must  move  to 
the side of the operat ing table with the anesthetic ma- 
chine. Therefore ,  monitor ing of the big toe is used for 
maintenance dosing during surgery and for assessment 
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of the presence or absence of a reversible block. We 
have observed the degree of neuromuscular  blockade 
on the big toe visually or tactually using an electrical 
nerve stimulator. 

Recent ly an Accelograph (Biometer ,  Copenhagen,  
Denmark )  has been  developed as a new neuromuscular  
transmission moni tor  [1]. It  measures  the single twitch 
response and train-of-four (TOF)  ratio using an accel- 
erat ion transducer at tached to the big toe. During si- 
mul taneous  T O F  stimulation of the ulnar nerve and the 
tibial nerve, acceleromyographic responses were mea-  
sured f rom the thumb and the big toe, respectively. The 
purpose  of this study was to clarify the differential 
effects of neuromuscular  blockade on the thumb and on 
the big toe after the administrat ion of vecuronium. 

Materials and methods  

Ten adult patients, 21-55 years old, A S A  physical sta- 
tus I or II,  who were scheduled to undergo elective ear- 
nose- throat  surgery were studied after informed 
consent (Table 1). They were within 15%, of ideal body 
weight. Patients with hepatic, renal, or neuromuscular  
disease were excluded f rom the study. 

All patients were premedica ted  with intramuscular 
hydroxyzine 50 mg and atropine sulfate 0.5 mg 1 hour 
before  surgery. The cutaneous electrodes of the 
Accelograph were simultaneously applied to the left 
wrist and ankle opposite a blood pressure cuff and an 
intravenous line to stimulate the ulnar nerve and the 
tibial nerve at a frequency of 2 Hz for T O F  stimulation 
every 15 s, with the positive electrode over  the proximal 
and the negative electrode over  the distal parts. The 
acceleration transducers were fastened to the left 
thumb and the big toe with adhesive tape. 

Anesthesia  was induced with thiopental  5 mg.kg -~ in- 
travenously.  The patients w e r e  venti lated manually 
with 50% nitrous oxide in oxygen with sevoflurane 
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Table 1. Patient demographics 

Sex Males 7 
Females 3 

Age (years) 37.8 _+ 10.6 (range 21-55) 
Body weight (kg) 68.1 + 13.4 (range 42.4-87) 
Operation ENT Surgery 10 

Values expressed as mean _+ SD. 
ENT, Ear-nose-throat. 

(2 MAC)  using an anesthesia face mask. When the 
depth of anesthesia was adequate, both apparatuses 
were adjusted to supramaximal stimulation and 
baseline responses from the thumb and the big toe were 
obtained in each transducer. Then tracheal intubation 
was facilitated with a single bolus intravenous injection 
of vecuronium 0.1 mg-kg -1 and anesthesia was main- 
tained with 66% nitrous oxide in oxygen supplemented 
with sevoflurane (1 MAC). Ventilation was controlled 
and end-tidal carbon dioxide tension was maintained 
between 32 and 38 mmHg. Paralysis was reversed using 
intravenous neostigmine 2 mg with atropine 1 mg when 
the TOF ratio at the thumb returned to 25%. 

We measured the time from injection of vecuronium 
to the maximal (100%) twitch depression on the thumb 
and the big toe, the time to 25% and 50% recovery of 
the twitch height on the thumb and the big toe, and the 
value of T O F  ratio on the big toe at 25% of TOF  ratio 
on the thumb. The values of single twitch height were 
obtained from the first height of TOF. 

Analysis of variance ( A N O V A )  was used for analysis 
of data. Results are provided as mean +_ SD. The 
threshold for statistical significance was P < 0.05. 

Results 

The mean values (___SD) obtained from both transduc- 
ers on the thumb and the big toe are shown in Table 2. 
The time to the maximal twitch depression from the 
initial dose on the big toe was significantly longer than 
that on the thumb. Figure 1 shows a typical example of 
the recording of TOF fade from both transducers. The 
time of spontaneous recovery to 25% of the control 
twitch height on the big toe was shorter than that on the 
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Fig. 1. Recording from the Accelograph showing the dis- 
appearance of the train-of-four response on the thumb and 
the big toe after the injection of vecuronium 0.1 mg.kg -1 

thumb. However,  no statistically significant difference 
was observed between them. The time of spontaneous 
recovery to 50% of the control twitch height on the big 
toe was significantly shorter than that on the thumb. 
There was a significant difference between the recovery 
rates. The value of TOF  ratio on the big toe was 
58.5 _+ 18.2% when the reversal for vecuronium was 
performed at 25% of TOF  ratio recorded from the 
thumb. 

Discussion 

An electrical nerve stimulator is often applied to the leg 
to detect the degree of neuromuscular blockade after 

Table 2. Variables obtained from both transducers on the thumb and the big toe 

Thumb Big toe 

Time to maximal twitch depression (s) 136.5 + 32.5 183.0 -+ 40.1" 
Time of spontaneous recovery to T2s (min) 48.1 _+ 17.3 39.1 +_ 11.6 
Time of spontaneous recovery to Ts0 (min) 54.1 _+ 16.1 40.0 -+ 9.2* 
TOF ratio at reversal (%) 25.0 58.5 -+ 18.2"* 

Values expressed as mean + SD. 
TOF, train-of-four. 
* P < 0.05; ** P < 0.01. 
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the adminis t ra t ion of  a non-depolar iz ing  muscle relax- 
ant  during surgery  when  a pat ient  is anes thet ized to  
unde rgo  an ope ra t ion  o f  the head,  face, or  arm. W e  
have observed  the  m o v e m e n t  of  the big toe visually or  
tactually and conjecture  about  the degree  of  neu romus-  
cular b lockade.  

Recent ly ,  the Acc e l og ra ph  has been  deve loped  for  
the reliable m e t h o d  of  evaluat ing neuromuscu la r  block-  
ade [2-5] .  It is based  on a new measur ing  principle; 
measu remen t  of  force is rep laced  by m e a s u r e m e n t  of  
acceleration.  The  muscle on which the m e a su re m en t  is 
being m a d e  can move  wi thout  any restriction. There-  
fore, we can easily measure  the degree  of  neuromuscu-  
lar b lockade  using an accelera t ion t ransducer  which is 
fas tened to the big toe with adhesive tape. T he  neces- 
sary data  concerning  the  neuromuscu la r  t ransmission is 
available on a print-out .  

In  the present  study, the electrical s t imulat ion was 
applied to  the u lnar  nerve  at the  wrist and the  tibial 
nerve at the ankle. The  innerva t ion  of  the ulnar  nerve 
ends the adduc to r  pollicis in the thenar  region and the 
m o t o r  response  is assessed at the thumb.  The  tibial 
nerve innervates  the flexor hallucis brevis and the ad- 
ductor  hallucis in the p lantar  region. Since we obse ived  
the flexion of  the big toe  as the main  response  to the 
tibial nerve  stimulation, the big toe  was considered as 
the opt imal  p lacement  of  the accelerat ion transducer .  

The  t ime requi red  f rom the adminis t ra t ion of  
vecu ron ium to the comple t ion  of  the maximal  block on 
the t humb  was shor ter  than  on the big toe. The  shor ter  
onset  t ime of  the  t humb  m a y  be due to quicker  b lood  
delivery of  vecu ron ium and the different  sensitivity to 
the muscles. 

The  t ime of  spon taneous  recovery  to 50% of  control  
twitch height  on  the  t h u m b  was statistically longer  than 
that  on the big toe. W h e n  paralysis of  vecuron ium was 
reversed at 25% of the T O F  ratio on the thumb,  the 
value of  the T O F  ratio on  the big toe was 58.5% and 
significantly higher  than that  on  the thumb.  The  reason 
why the r ecovery  of  the adduc to r  pollicis, which has a 
high percen tage  of  fast fibers [6], is s lower than  the 
flexor hallucis brevis and the adduc to r  hallucis m ay  be  
that  fast fibers have greater  sensitivity to a non-depola r -  
izing muscle re laxant  [7,8]. 

In  a previous  study, Sopher  et  al. [9] c o m p a r e d  the  
response  of  the  adduc tor  pollicis with tha t  of  the  flexor 
hallucis brevis using sur face-e lec t romyogram.  R e c o v e r y  ~ 
of  neu romuscu la r  funct ion of  the adduc to r  pollicis cor- 
re la ted  to that  of  the flexor hallucis brevis. The  reason 
why  our  results were  different  f rom theirs may  be  due to  
different  me thods  for  the assessment  of  neu romuscu la r  
b lockade .  We  usually observe  the m o v e m e n t  o f  big toe  
visually or  tactually to detect  the degree  of  neuro-  
muscu la r  b lockade.  Accordingly ,  the results f rom an 
accelerat ion t ransducer  m a y  be closer to  the clinical 
observat ion.  

Moni to r ing  at the big toe  muscle using an accelera-  
t ion t r ansducer  may  result in underes t imat ion  o f  neuro-  
muscular  b lockade.  If  so, residual  paralysis may  exist in 
the a i rway muscles when the  neuromuscu la r  funct ion is 
assessed f rom the m o v e m e n t  of  the big toe. 
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