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Skin application of  
isoflurane attenuates the 
responses to a mechani- 
cal and an electrical 
stimulation 

l~. , 'po~: This prospective randomized crossover study was performed to test the potential of an analgesic effect 
of isoflurane after its local application to the skin. 
Me~ods :  We evaluated the local analgesic effect of isoflurane solution in 31 healthy volunteers. The right or left 
forearm of each subject was exposed to isoflurane and the contralateral forearm to water for 30 min. Then, the 
response of both forearms to a mechanical stimulus of 650 gr and an electrical stimulus of 2 Hz was tested. The 
procedure was repeated the next day with the forearms exposed to anaesthetic or water in an inverse way. The 
averaged responses to the mechanical and electrical stimuli obtained from both forearms after exposure to isoflu- 
rane were expressed on a VAS scale and compared with the averaged responses obtained after exposure to 
water, using the Wilcoxon signed-ranks matched-pairs test. 
~sLdts:  The average VAS scores obtained from both forearms after the mechanical stimulus were decreased 
after isoflurane compared with water (3.5 - 2. I cm vs 4.3 _+ 2.2 cm, P < 0.000 I). After the electrical stimulus 
local application of isoflurane was associated with a decrease in the VAS scores obtained from both the right and 
left forearms (3.6 • 2.0 cm) when compared with water, (5.2 _+ 2. I cm, P < 0.0001 ). 
C o n d ~ i o n :  These data suggest that isoflurane may have an analgesic effect in the peripheral tissues, which may 
interfere with the MAC determination as well with decreased responses to other nociceptive stimuli. 

Object i f :  La pr~sente &ude randomis& et crois& a ~t~ r~alis~e pour v&ifier le potentiel de l'effet analg&ique 
de l'isoflurane apr~s son application locale 5ur la peau. 
M & h o d e  : Nous avons ~valu~ l'effet analg~sique local d'une solution d'isoflurane chez 31 volontaires bien por- 
tants, l'avant-bras droit ou gauche de chaque sujet a ~t~ expos~ ~ risoflurane et l'autre avant-bras expos~ ~ l'eau 
pendant 30 min. La r~action des deux avant-bras ~ un stimulus m&anique de 650 gr et ~, un stimulus ~lectrique 
de 2 Hz a ensuite ~t~ 6valu~e. La d~marche a &~ reprise te jour suivant en inversant le proc~d~. Le catcul des 
r6actions moyennes aux stimuli m~canique et ~lectrique, obtenu ~. partir des deux avant-bras exposes ~ I'isotlu- 
rane, a ~t~ exprim~ sur I'EVA et compar~ au calcul des r~actions moyennes obtenu apr& I'exposition ~ I'eau, en 
utilisant le test de rang et d'appariement de Wilcoxon. 
]~sul tats : Le niveau moyen obtenu ~ rEVA pour les deux avant-bras, apr& le stimulus m&anique, a diminu~ 
suivant I'administration d'isoflurane, compar6 ~ I'eau (3,5 -+ 2, I cm vs 4,3 - 2,2 cm, P < 0,000 I). Apr& le sti- 
mulus 61ectrique, I'application locale de risoflurane a ~t~ associ~e ~ un niveau plus bas de douleur ~ I'EVA, pour 
les deux avant-bras (3,6 • 2,0 cm), compar6 ~. I'eau (5,2 - 2, I cm, P < 0,0001). 
Conclusion : Ces r&ultats permettent de pr&umer que I'isoflurane peut produire un effet analg&ique sur les 
tissus p&iph&iques, effet qui peut interf&er avec la d&ermination de la CAM autant qu'avec la r~duction des 
r&ctions ~ d'autres stimuli nocioceptifs. 
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S UBANAESTHETIC concentrations o f  
isoflurane have been used in labour ~-s to pro- 
duce analgesia. In humans, isoflurane in sub- 
anaesthetic concentrations depresses the 

nociceptive reflex to single but not  to repetitive stim- 
uli, the latter being depressed only by concentrations 
known to produce surgical anaesthesia. 4 In animal 
studies isoflurane suppresses spinal sensitization, s 
However, evaluation of  an analgesic effect of  isoflu- 
rane is complicated by distingushing between the 
attenuated responses associated with concentration- 
dependent sedation and a real analgesic effect. 

The aim of  the present study was to evaluate the 
potential antinociceptive effect ofisoflurane, minimiz- 
ing the influence of  central depression and /o r  seda- 
tion. Isoflurane was applied locally to the skin and the 
responses of  the skin to a mechanical and an electrical 
stimulus were assessed. 

Methods 

Subjects and Study Design 
The study was approved by the local Ethics Commitee 
and written informed consent was obtained. Thirty 
one volunteers, 14 men and 17 women, aged 19-43 yr 
were recruited for the study. Inclusion criteria were 
ASA physical status classification I, body weight with- 
in 15% of  the ideal body weight, with no history of  
allergy to previous anaesthetics, tape, cotton, plastic or 
metal, or of  chronic or acute pain, and no consump- 
tion of  analgesics or other drugs for the last two 
weeks. For women the potential of  pregnancy was 
excluded based on the history (dates of  menstrual 
cycle or anticontraception). Study subjects were 
surgery residents and nurses working in the operating 
room: all of  whom were right handed. The stimula- 
tion tests and the visual analogue scale (VAS) to eval- 
uate the intensity of  the stimulus were explained to all 
subjects, who had a trial test one or two days before 
the first experiment to familiarize them with the pro- 
cedure. The VAS consisted of  a 10 cm line with no 
pain corresponding to the beginning and worst pain 
to the end of  this line. The subject marked the line 
according to the pain intensity experienced. The sub- 
jects were not aware of  the purpose o f  the study. The 
study was designed in a controlled, double blind, ran- 
domized fashion for the first experiment, and order 
for cross-over. 

Mechanical and Electrical Stimuli 
Subjects were tested for a mechanical and an electrical 
stimulus. 
a) For mechanical stimulation we used, as in previous 

studies, 6,7 a pressure palpator, which exerts consis 
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b) 

tently 650 gr (pressure FEELER 650 gr Sedatelec; 
Chemin des Muriers, Irigny, France). The palpator 
was applied firmly to the volar surface of  the lower 
third of  each forearm (five patient finger breadth 
above the wrist folds) for 30 sec. The area stimu- 
lated by the pressure probe was approximately the 
distal cross sectional area of  a thick ball-pen. The 
VAS score for each forearm corresponding to the 
mechanical stimulus was obtained. 
For electrical stimulion, a 30 mA, 2 Hz 0.25 msec 
square wave electrical impulse, was applied in the 
same sequence and to the same area but two to 
three fingers distal to the mechanical stimulus to 
avoid possible short lasting hyperalgesia caused by 
the 30 sec pressure stimulation. A peripheral nerve 
stimulator (MiniStim| Model MS-I) was used 
with two metal ball electrodes. The delivered cur- 
rent could be varied. The VAS score corresponding 
to the response to the electrical stimulus was 
obtained. 

~Tocedu~'e 
Experiments were performed in a quite room with a 
temperature 20-22~ The subject was sitting com- 
fortably with both forearms leaning on a table and the 
volar surfaces exposed to the investigator. Both the 
subject and the investigator were wearing surgical 
masks to prevent them from possible recognition of  
the forearm with isoflurane. The distal two thirds of  
each forearm were wrapped with a cotton band. Two 
10 ml plastic syringes, each containing 10 ml liquid 
isoflurane or water were prepared by the investigator 
and applied almost simultaneously under the cotton 
band in the space between the cotton and the skin of  
the volar surface of  the arm. Immediately after, both 
arms were wrapped tightly with aluminum foil from 
below the elbow fold to the wrist fold. The aluminum 
foil was covered with a transparent plastic film and the 
ends of  all the wrapping layers were fixed to the prox- 
imal (elbow) and distal (wrist) ends with tape. 
Isoflurane or water was applied to the right or left 
forearm randomly using sealed envelopes containing 
an odd or an even number obtained from a computer 
generated table. For an odd number isoflurane was 
applied to the right forearm, for an even number to 
the left forearm, the other forearm serving as control, 
received water. 

Thirty minutes later, the plastic film, the aluminum 
foil and the cotton were removed simultaneously from 
both forearms by the same investigator. An indepen- 
dent investigator was involved with the stimulus appli- 
cation and acquisition of  the VAS scores. This 
investigator was also wearing a surgical mask and was 
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not  aware of  the solution applied to each forearm nor  
o f  the purpose of  the study. He was instructed to apply 
first the mechanical and then the electrical stimulus. 
The forearm to be tested first was decided by tossing 
a coin but  the sequence o f  tests was always the same. 

One day later the procedure was repeated. The sec- 
ond experiment was performed in a sequential rather 
than a randomized manner. The forearm tested for the 
isoflurane solution in the first experiment served now 
as the control forearm, tested for water while the fore- 
arm tested previously for water was now tested for 
isoflurane. 

Statist ical analysis 

The sample size required to ensure a power 0.90 in 
detecting a clinically relevant difference of  1.5 cm in 
the VAS scale was found to be approximately 21 vol- 
unteers for an alpha error of  0.05. An estimated stan- 
dard deviation 2.1 was used based on initial pilot 
observations. 

Patient characteristics and VAS scores are given as 
mean • SD. The averaged VAS scores obtained from 
both forearms after isoflurane were compared with the 
averaged VAS scores obtained from both forearms 
after water. For all comparisons the Wilcoxon signed- 
ranks matched-pairs test was used. P < 0.05 was con- 
sidered statistically significant. 

Results 
Participant characteristics included age 32 + 6 yr, 
weight 68 + 14 kg and height 171 + 11 cm. 

Mechanical  s t imulus  

Local application of  isoflurane resulted in attenuation 
o f  the average response of  both forearms to the 
mechanical stimulus by 19%. The mean value of  the 
VAS scores obtained from both forearms with the 
pressure palpator stimulus after isoflurane was lower 
than the mean value of  VAS scores following water 
application (3.5 + 2.1 cm vs4 .3  • 2.2 cm, P<  0.0001) 
(Table). 

TABLE VAS scores (cm) obtained after the mechanical and the 
electrical stimulus and averaged from both forearms for isoflurane 
and water applications. Values are mean • SD. 

Isoflurane Water 

Mechanical stimulus 
mean of  both arms 3.5 • 2.1" 4.3 • 2.2* 
Electrical stimulus 
mean of  both arms 3.6 • 2.01" 5.2 • 2.11" 

* P <  0.0001, 1" P <  0.0001 

Electrical s t imulus  

The mean VAS score from the right and left forearms 
obtained after electrical stimulation was decreased by 
31% by isoflurane compared with the VAS after water 
application. The mean VAS scores obtained from the 
averaged responses o f  both forearms after a 2 H z  
twitch stimulus were 3.6 • 2.0 cm for isoflurane and 
5.2 • 2.1 cm for water ( P <  0.0001) (Table). 

Discussion 
Isoflurane applied directly to the skin for 30 min 
decreased the VAS scores to mechanical and electrical 
stimulus by 19% and 30% respectively. Clinical studies 
in humans have shown that subanaesthetic concentra- 
tions o f  isoflurane produce analgesia in labour, l-s 
However, the evaluation o f  possible antinociceptive 
properties o f  general anaesthetics in humans is com- 
plex as concurrent  central depression may interfere 
with assessing the potential of  an analgesic effect. 

Petersen-Felix et al. 4 reported that high concentra- 
tions o f  isoflurane producing surgical anaesthesia, but 
not subanaesthetic concentrations, depress the nocicep- 
tive reflex to repetitive stimuli. Also subanaesthetic con- 
centrations ofisoflurane had no effect on the responses 
to heat, cold or mechanical pressure, s Nonetheless, a 
depression of  the nociceptive reflex to single electrical 
stimulation was demonstrated in both studies. 4,s 

In contrast to the results of  previous investigators, in 
our study local application ofisoflurane to the volar sur- 
face of  the forearm depressed the response to mechani- 
cal stimulation. The different results may be attributed 
to the different experimental design. In the study of  
Petersen-Felix et al. s the  subjects were allowed to 
breathe subanaesthetic concentrations of  isoflurane for 
15 min equilibration at constant end-tidal subanaes- 
thetic concentrations before the series of  tests were per- 
formed. In our study, the skin was directly exposed to 
isoflurane for 30 min, probably resulting in an effective 
anaesthetic partial pressure in the skin and in the pri- 
mary afferent nerve fibres at this site. 

An effective anaesthetic partial pressure in a tissue 
compar tment  will be associated with anaesthetic 
action. 9 It  is hard to predict the isoflurane partial pres- 
sure within the skin tissue and nerve endings after 
local application and compare it with that in the clini- 
cal setting, where isoflurane is administered by inhala- 
tion. Inhaled isoflurane crosses the skin and 
percutaneous losses have been demonstrated. 1~ In this 
case the partial pressure in the periphery is expected to 
vary and will be determined by the parameters gov- 
erning the anaesthetic uptake by the different com- 
partments. On the other hand, the anaesthetic uptake 
by the skin via the epidermis may differ from the 
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uptake process via the underlying tissues. In addition, 
the two minutes needed to complete the testing pro- 
cedure probably allowed some loss of  isoflurane from 
the skin to the air. The method we developed in the 
present study allows evaluation of  possible analgesic 
effects of  isoflurane with no or minimal involvement 
of  central depression and sedation. We did not  control 
isoflurane traces in expired air for technical reasons 
but volunteers did not  feel sedated. We allowed a 30 
min period of  exposure of  the skin to isoflurane. As in 
a previous study the maximal rate ofpercutaneous loss 
of  three volatile anaesthetics was observed after 30 
min of  inhalation. ~~ Nonetheless, to correlate the time 
constants of  skin uptake during general anaesthesia 
with those during direct exposure of  the skin to the 
anaesthetic is only a speculation. 

The potential of  an analgesic effect produced by 
inhalational anaesthetics is consistent with the findings. 
of  Rehberg et al. 11 who reported suppression of  cen- 
tral nervous system sodium channels by clinical con- 
centrations of  volatile anaesthetics. Suppression of  
sodium currents should lead to an elevation in neu- 
ronal firing threshold, 12 and volatile anaesthetics at 
clinical concentrations have been shown to elevate the 
threshold potential of  neurons. I3 

If  these results apply to the primary afferent fibres, 
then an effective partial pressure of  the volatile anaes- 
thetic at this site may suppress the neuronal excitability 
mad/or conductance and affect the MAC determina- 
tion. It has been reported that MAC does not change 
with the duration of  anaesthesia. 14 More recently 
Petersen-FelLx et al. reported a 20% decrease in MAC 
during the administration of  anaesthesia and surgery, is 
This could be explained by an effective anaesthetic par- 
tial pressure, and therefore a higher firing threshold, at 
the site where the painful stimulus is applied. The effec- 
tive partial pressure in the skin is not expected to occur 
in the early stages of  anaesthetic uptake during equili- 
bration of  the end-tidal concentration with the central 
compartment. 

We do not know whether the local isoflurane concen- 
trations achieved in the present experimental setting are 
also reached during clinical anaesthesia. However, all 
other kinetic parameters remaining constant the skin 
isoflurane concentration will vary with time, with an hys- 
teresis from the end-tidal anaesthetic concentration. This 
may have an inapact on the peripheral analgesic effect of  
isoflurane during anaesthesia and therefore on MAC 
determination. A strong possibility exists that isoflurane 
is absorbed from the skin into the blood. Since no blood 
levels and/or  breath analysis for isoflurane are available, 
even in the absence of sedation, a combined peripheral 
and central effect can not be ruled out. 

Skin might be cooled by evaporation of  isoflurane 
and/or  water so contributing to VAS changes. However, 
the possibility of evaporation was limited as the skin area 
tested was not exposed to air after isoflurane or water 
application but isoflurane or water were readily absorbed 
by cotton. In fact 30 min later when the wrappings were 
removed the skin of the forearms was dry. 

In conclusion, our results showed a decreased 
response to mechanical and electrical stimulataion by 
local application of  isoflurane. In the clinical setting, 
factors affecting the uptake of  anaesthetic by the skin 
may affect the responses to painful stimuli and thus 
MAC values. So, for the same alveolar and /or  brain 
concentration of  the anaesthetic the same painful stim- 
ulus might be associated with different response deter- 
mined by the skin partial pressure of  the anaesthetic. 
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