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Abstract: One hundred and fifty patients of ASA class I - I I  
undergoing elective surgery were given vecuronium 0.1 mg. 
kg -1 under fentanyl- (NLA), halothane, enflurane, isoflurane, 
or sevoflurane anesthesia, and the spontaneous recovery was 
monitored to study the sex differences as to onset time, dura- 
tion [(T~, train of four (TOF)], and recovery index (T1, TOF). 
The onset time was significantly shorter in women than in men 
under isoflurane and sevoflurane anesthesia. No significant 
differences were seen between the sexes in terms of duration 
and recovery index of both T 1 and TOF. We suggest that the 
results regarding onset time were due to the differences in 
distribution volume and extracellular fluid volume influenced 
by the proportions of lean body mass, fat tissue, and the 
occasional menstruation in women. It remains unclear, how- 
ever, whether or not the effects of volatile gases to the sensi- 
tivity of receptors may contribute to the observed sex 
difference. Similar durations and recovery indexes in any an- 
esthetic method indicate that the drug's rate of elimination 
is similar between the sexes. In conclusion, female patients 
favor the rapid onset of vecuronium when used under 
isoflurane or sevoflurane, but the recovery from the paralysis 
seems to be the same between the sexes regardless of the type 
of general anesthesia used. 
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Introduction 

Before  administering muscle relaxants to a patient  un- 
der general anesthesia, the pat ient 's  age, weight, body 
surface area, and the condition of the main organs must 
be known, but the gender  is rarely of concern to anes- 
thesiologists. It  is well known that women have less 
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muscle and more  adipose tissue in general, and that men 
are physically stronger than women.  Could these big 
differences give rise to differences in the response to 
neuromuscular  blocking agents? Al though a lot of 
drugs have been investigated pharmacologically with 
respect  to sex differences with some positive results [1], 
we cannot simply extrapolate those results to muscle 
relaxants because of their unique pharmacodynamic  
properties.  This study was designed to clarify whether  
or not there are sex differences in the response to 
muscle relaxants by clinically monitor ing the neuromus- 
cular blockade with vecuronium, one of the most  fre- 
quently used nondepolarizing muscle relaxants, under 
several general anesthetics. 

Materials and methods 

One hundred and fifty patients of A S A  class I - I I  (aged 
15-65 years) undergoing elective surgery were selected 
for the study and allocated to five groups according to 
the type of general anesthesia. In formed consent was 
obtained f rom all participants. None  of the patients 
had clinical or biochemical evidence of hepatic or renal 
disease, nor  were they receiving medicat ion known to 
influence neuromuscular  transmission. The  anesthetics 
chosen were N L A  (O2-N20-fentanyl-droperidol),  F 
(O2-N20-halothane), E (O2-N20-enflurane), I (O2-NaO- 
isoflurane), and S (O2-N20-sevoflurane). Demographic  
details of the patients included in this study are shown 
in Table 1. 

After  the patient was transferred to t h e  operat ion 
room, E C G  and pulse oximeter  were moni tored  con- 
tinuously, and the heart  rate and blood pressure were 
measured every 5 min. To moni tor  the neuromuscular  
transmission by e lec t romyogram (EMG) ,  the stimulus 
surface electrodes were placed over  the ulnar nerve 
near  the wrist, and the recording electrodes on the 
hypothenar  muscles. After  making the patients sleep 
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Table 1. Characteristics of patients 

Group Gender n Age (years) Height (cm) Weight (kg) ChE a (U/ml) 

NLA Female 24 45.1 -+ 2.4 155.0 -- 1.1" 51.9 • 1.4" 3.3 + 0.1 
Male 17 43.3 • 4.0 167.0 + 1.1 63.8 • 2.3 3.8 _+ 0.2 

F Female 13 41.9 -+ 4.5 154.4 • 2.2* 53.7 _+ 2.7* 3.8 • 0.3 
Male 16 38.2 • 4.2 169.6 • 1.5 67.7 _+ 2.8 3.5 _+ 0.5 

E Female 13 41.9 -+ 3.4 154.3 • 1.2" 52.0 + 1.6" 3.0 • 0.2 
Male 13 38.2 _+ 4.6 170.0 _+ 1.5 61.2 • 2.4 3.6 • 0.2 

I Female 10 35.6 -+ 4.0 151.8 • 2.6* 52.2 • 2.2* 3.8 _+ 0.5 
Male 17 37.0 -+ 3.8 169.0 _+ 1.8 63.9 • 2.5 3.4 • 0.3 

S Female 16 48.3 _+ 3.2 156.2 • 1.3" 53.6 _+ 1.9" 3.1 _+ 0.4 
Male 11 47.6 + 5.7 166.3 • 3.0 62.4 • 3.6 3.6 _+ 0.4 

Values are expressed as mean + SEM. 
* P < 0.05 versus men in the same anesthetic group. 
ChE, cholinesterase; NLA, Os-NsO-fentanyl-droperidol; F, O2-NsO-halothane; E, Os-NsO- 
enflurane; I, O2-NsO-isoflurane; S, O~-N20-sevoflurane. 
~' Normal range; 2.40 4.30 U/ml. 

with 3 -5  mg.kg < thiopental, supramaximal stimuli with 
train-of-four (TOF) impulses at 20-s intervals were 
given (Relaxograph, Datex, Helsinki, Finland). The 
evoked compound electromyogram was amplified, inte- 
grated, and recorded on a thermal printer. After the 
calibration and baseline recording, the patients were 
slowly induced with the chosen method of general anes- 
thesia ventilated by mask, that is, under 0 2 (2 1. min -1) 
--N20 ( 4 1 . m i n - 0 - - X  (X corresponding to NLA,  
halothane, enflurane, isoflurane, or sevoflurane). N L A  
consisted of 5 b~g.kg -1 intravenous fentanyl and 
250 btg.kg-' intravenous droperidol, followed by reinjec- 
tions of 2 ~tg.kg -1 fentanyl when the clinical evidence of 
inadequate analgesia was observed. In other anesthetic 
groups, the end-tidal concentration of the volatile gases 
were adjusted to stay throughout the study at the prede- 
termined value of 1 M A C  under 100% 02 (i.e., 0.75% 
for halothane, 1.68% for enflurane, 1.15% for iso- 
flurane, and 1.71% for sevoflurane), which was con- 
tinuously monitored (Ultima, Datex). Vecuronium 
0.1 mg.kg < was given after 10 min of general anesthesia 
with the end-tidal concentration kept at the specified 
value, and then the trachea was intubated at the time of 
maximum blockade or when T1 became 0. No addi- 
tional muscle relaxants were given thereafter, and spon- 
taneous recovery was monitored throughout surgery. 
End-tidal CO2 was maintained within the range of 40 _+ 
2 mmHg by accommodating mechanical ventilation 
(Ultima, Datex). When the recovery from vecuronium 
paralysis was not complete at the end of surgery, rever- 
sal with neostigmine/atropine mixtures was given to the 
patient. If the recovery had not achieved 75% for both 
T~ and TOF before reversal, the data were excluded 
from this study. 

Onset time was defined as the time from injection to 
the maximum depression of Tv Duration and recovery 
index of T1 were defined as the time from the adminis- 

tration of vecuronium to the 25% recovery of the con- 
trol value and the time from 25% to 75% recovery of 
the control, respectively. Duration and recovery index 
of TOF were defined as the time from administration to 
25% and the time from 25% to 75% recovery of TOF, 
respectively (Fig. 1). 

The measured values were expressed as mean + 
SEM. Differences between the sexes were analyzed us- 
ing Student's t-test, and P < 0 . 0 5  was considered 
statiscally significant. 

Resul ts  

The mean values of height and weight were significantly 
greater in men than in women in every anesthetic group, 
but no significant differences were evident in age or 
cholinesterase (Table 1). 

Onset time was significantly longer in women than in 
men under isoflurane and sevoflurane anesthesia 
[2.0 + 0.1 •  (women), 2.7 _+ 0.2 min (men) in I and 
2.2 _+ 0.1 min (women), 3.3 + 0.4 min (men) in S], but 
no significant differences were found under NLA,  F, or 
E (Fig. 2) 

As to duration and recovery index of T1, no signifi- 
cant differences were evident between the sexes, though 
there was large interindividual variability in the recov- 
ery index (Figs. 3, 4). Duration and recovery index of 
TOF  showed less variability than those of T 1, but there 
were no significant differences between the sexes, either 
(Figs. 5, 6). 

D i s c u s s i o n  

Sex-linked differences in drug kinetics are known in 
a limited number  of substances such as certain anti- 
biotics, a few tricyclic antidepressants, lithium carbon- 
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Fig. 1. A recording of spontaneous recov- 
ery from the 0.1 mg-kg -1 vecuronium 
bolus injection, and the definitions of on- 
set time, duration [TI and train of four 
(TOF)], and recovery index (T1 and 
TOF) 

Fig. 2. Relationship of sex, anesthesia, and onset time. Under 
isoflurane and sevoflurane anesthesia, onset time was pro- 
longed in women compared with men. Values are mean _+ 
SEM. *P < 0.05 vs men. Shaded bars, women; solid bars, 
men 

Fig. 3. Relationship of sex, anesthesia, and duration of T~. No 
significant difference between sexes were found. Values are 
mean +_ SEM. Shaded bars, women; solid bars', men 

ate, aspirin, and hexoba rb i tone  [1,2]. The  results are not  
one-sided,  and the mechan i sm remains  unclear.  For  
example,  oral  adminis t ra t ion  of  antibiotics such as 
rifampicin, ch loramphenicol ,  and tetracycline was m o r e  
effective in w o m e n  than  m en  [3]. The  effect of  antide- 
pressants such as nor t r iptyl ine  [4] and imipramine  [5] 
was also s t ronger  in women .  O n  the o ther  hand,  some 
antibiotics such as kanamyc in  [6] and gen tamycin  [7] 
were shown to be m o r e  effective in men,  as were  
ant iconvulsants  such as phenyto in ,  phenobarb i tone ,  

and pr imidone  [8]. H e x o b a r b i t o n e  m a d e  female  rats 
sleep four  t imes longer  than male  rats [9]. O n  the 
o ther  hand,  there  are very few systematic  h u m a n  
studies on the influence of  sex on the po tency  of  muscle 
relaxants.  

Theoret ical ly ,  the causes of  differences in drug kine- 
tics are due to differences in the drug 's  absorpt ion,  dis- 
tr ibution,  metabol ism,  and excretion. In  o ther  words,  
the possible factors that  ma y  m a k e  differences due to 
sex are: (1) body  composi t ion,  (2) prote in  binding, (3) 
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Fig. 4. Relationship of sex, anesthesia, and recovery index of 
T 1. No significant difference between sexes were found. Val- 
ues are mean _+ SEM. Shaded bars, women; solid bars, men 

Fig. 5. Relationship of sex, anesthesia, and duration of TOF. 
No significant difference between sexes were found. Values 
are mean _+ SEM. Shaded bars, women; solid bars, men 

Fig. 6. Relationship of sex, anesthesia, and recovery index of 
TOF. No significant difference between sexes were found. 
Values are mean _+ SEM. Shaded bars, women; solid bars, 
men 

plasma enzyme activity, (4) metabol ism in the liver, 
(5) hepatic or kidney excretion, and (6) receptor  sensi- 
tivity. The peculiar proper ty  of muscle relaxants may 
well require special consideration for the its u n i q u e  
behavior.  

Hough ton  et al. [10] repor ted  that there were no dif- 
ferences between mean  onset t ime and mean  duration 
of vecuronium between both sexes, but that women had 
significantly bet ter  intubating conditions. Donat i  and 
Bevan [11] found that the onset t ime of pancuronium 
was shorter in women under  enflurane anesthesia; they 
suggested that this could have been due to differences in 
the apparent  distribution volume and body composi-  
tion. In our study, only the onset t ime in two anesthetic 
methods  revealed differences. This is most  probably  the 
result of unequal  absorpt ion or. distribution. As to dis- 
tribution, like Donat i  suggested, we must first consider 
body composition. Men have higher relative propor-  
tions of lean body mass, and women have more  adipose 
tissue. The menstrual  cycle may influence the extracel- 
lular fluid (ECF) as well. When  we consider the reason 
for our results, it is possible that the low volume of ECF  
due to the smaller propor t ion of lean body mass, more  
fat tissue, and the occasional menstruat ion might have 
accelerated the onset t ime in women. Thus, it is reason- 
able to think that the same amount  of vecuronium per 
kg body weight in women reaches the receptor  sites 
faster and in higher concentration to attain the thresh- 
old level. 

The  similarities of duration or recovery index of both 
sexes mean  not only that the drug's metabol ism and rate 
of elimination made  little differences but also that the 
long time course compared  with the onset t ime value 
masked  the differences, if any, of the onset times. We 
evaluated the Sex differences in T O F  with negative re- 
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sults, ind ica t ing  tha t  p r e s y n a p t i c  and  pos t synap t i c  re la -  
t ionsh ip  does  no t  differ  b e t w e e n  the  sexes. 

In  ou r  v e c u r o n i u m  s tudy,  the  p l a s m a  cho l ine s t e r a se  
( p C h E )  act ivi t ies  we re  no t  d i f fe ren t  a m o n g  the  
group  sugges t ing  l i t t le  p a r t i c i p a t i o n  of  the  enzyme.  
V e c u r o n i u m  d e p e n d s  on  the  l iver  and  k i d n e y  for  e l imi-  
na t ion ,  and  so p C h E  a p p e a r s  no t  to p lay  a ro le  in the  
m o d u l a t i o n  of  n e u r o m u s c u l a r  b lock ing  capab i l i ty  in 
vecuron ium.  

M e t a b o l i s m  in the  l iver  and  exc re t ion  by  the  k i d n e y  
pe r  se do  no t  account  for  the  d i f fe rences  b e t w e e n  the  
sexes on  the  phys io log ica l  basis,  and  our  resul ts  on du- 
r a t ion  and  r e c o v e r y  s u p p o r t  the  idea  tha t  as long  as the  
m a j o r  o rgans  a re  intact ,  t he  musc le  re laxan t s  act s imi-  
larlyl  R e c e p t o r  sens i t iv i ty  is no t  well  i nves t iga t ed  as to  
sex d i f ference ,  and  we c a n n o t  exp la in  our  resul t s  in this 
r egard .  

I t  is well  k n o w n  tha t  the  anes the t i c  m e t h o d s  wi th  
vo la t i l e  gases  e n h a n c e  the  n e u r o m u s c u l a r  b lock ing  
po tenc i e s  in b o t h  sexes,  bu t  the  sex d i f fe rences  r ega rd -  
ing the  onse t  t ime  of  v e c u r o n i u m  were  ev iden t  only  wi th  
i sof lurane  and  sevof lurane .  T h e  r e a s o n  why  on ly  iso- 
f lurane and  Sevof lurane  exh ib i t ed  sex d i f fe rences  on 
onse t  t imes  is no t  clear .  B o t h  gases,  having  p o t e n t  mus-  
cle re lax ing  p rope r t i e s ,  a re  also k n o w n  as r a p i d  inducers  
due  to  the i r  sma l l e r  b l o o d - g a s  pa r t i t i on  coeff icients ,  
which migh t  be  one  of  the  r ea sons  why  these  two agents  
a re  fas te r  e n h a n c e r s  of  vecu ron ium.  In  o the r  words ,  the  
smal l  sex d i f fe rence  in onse t  t ime  might  be  e n h a n c e d  
when  the  musc le  mass  is r ap id ly  p a r a l y z e d  b y  vo la t i l e  
gases. This,  however ,  is a sub jec t  for  fu tu re  inves t iga t ion .  

In  conclus ion ,  u n d e r  N L A ,  ha lo thane ,  enf lurane ,  
i sof lurane,  or  sevof lu rane  anes thes ia ,  the re  were  no  sig- 

nif icant  sex d i f fe rences  on the  p o t e n t i a t i o n  of  
v e c u r o n i u m  excep t  the  onse t  t imes  u n d e r  i sof lu rane  and  
sevof lurane .  To clarify the  r e a s o n  for  the  resul ts ,  fu r the r  
s tudy  is ne e de d ,  inc luding  the  r e l a t i onsh ip  b e t w e e n  sex 
and  the  type  of i nha la t iona l  agen t  used.  
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