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Analgesic efficacy of topical sevoflurane on wounds
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ABSTRACT

Sevoflurane is a halogenated anesthetic derived from
diethyl ether, which is presented as a volatile liquid.
Administered by inhalation, it is widely used for inducing and
maintaining general anesthesia, as it has a very good safety
profile. In addition to its hypnotic action, various pre- clinical
experiences show that sevoflurane and other halogenated
ether derivatives bring about a significant analgesic/
anesthetic effect when administered in liquid form directly to
the central nervous system, specifically to the spinal cord.
However, it is classically thought they lack analgesic effect at
peripheral level. However, clinical experiences in which
sevoflurane had a major analgesic effect on painful wounds
when it was irrigated in its liquid presentation on the bed of
such wounds have been reported in recent years. This
analgesic effect is characterized as taking place within a few
minutes, as intense enough to allow sharp debridement of
wounds, and as lasting for several hours. Concerning adverse
effects, so far no case of systemic adverse events has been
reported; only local adverse effects have been reported, the
most frequent being mild, transitory itching. For the moment,
clinical communications are limited to isolated clinical cases
and case series of patients; obviously, relevant clinical trials
are required to adequately establish the role of topical
sevoflurane in the analgesic treatment of painful wounds. But
while conducting these clinical trials, the off-label use of
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topical sevoflurane irrigated on the bed of painful wounds may
be an alternative option for the analgesic treatment of wounds
with pain refractory to usual treatments.
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RESUMEN

El sevoflurano es un anestésico derivado halogenado del éter
dietilico que se presenta como un liquido volatil. Es am-
pliamente utilizado por via inhalatoria para la induccién y el
mantenimiento de la anestesia general, pues su perfil de
seguridad es muy bueno. Ademds de su acciéon hipnédtica,
diversas experiencias preclinicas muestran que el sevoflurano y
otros derivados halogenados del éter producen un efecto
analgésico/anestésico importante cuando son admi- nistrados
en su formulacién liquida directamente al sistema nervioso
central, concretamente a la médula espinal, pero clasicamente
se les considera carentes de efecto analgésico a nivel periférico.
Sin embargo, en los ultimos afios se estdn comunicando
experiencias clinicas en las que el sevoflurano produce un
efecto analgésico importante sobre heridas dolo- rosas cuando
es irrigado en su presentacion liquida sobre el lecho de dichas
heridas. Este efecto analgésico se caracteriza por instaurarse en
escasos minutos, ser lo bastante intenso como para permitir el
desbridamiento mecanico de las heridas, y extenderse por
espacio de varias horas. Referido a efectos adversos, hasta
ahora no ha sido comunicado ninguno a nivel sistémico, y el
efecto local mas frecuentemente referido por los pacientes es
prurito leve y transitorio. Hasta ahora las comunicaciones
clinicas se limitan a casos clinicos aislados y series de casos, y
es obvio que se precisa la realizacion de los pertinentes ensayos
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clinicos para establecer adecuadamente su papel en el
tratamiento analgésico de las heridas dolorosas. Pero mientras
estos ensayos clinicos se realizan, el empleo fuera de indicacion
de sevoflurano irrigado tépicamente sobre el lecho de heridas
dolorosas es una alternativa analgésica de rescate a tener en
cuenta en aquellas heridas de dolor refractario a los
tratamientos habituales.

Palabras clave: Sevoflurano, anestésicos por inhalacion,
administracion topica, dolor, analgésicos.

INTRODUCTION

Sevoflurane is a halogenated diethyl ether
derivative. It is presented as a very volatile liquid,
and it is widely administered by inhalation to subject
patients to general anesthesia. After decades of use, it
has proven to be an anesthetic with a very favorable
benefit/risk balance (1), although its specific
hypnotic action mechanism has not been fully

elucidated (2).
Apart from its use as a hypnotic administered by
inhalation, favorable clinical experiences have

recently been reported relating to its topical use on
wounds, whether for analgesic (3-11), antimicrobial
(12-14) or healing (11) purposes. The objective of
this review is to summarize the available information
so far regarding topical use of sevoflurane focusing
on its use as an anesthetic / analgesic on wounds.

PERIPHERAL ANALGESIC EFFECT OF
TOPICAL SEVOFLURANE

Peripheral analgesic effect of halogenated
anesthetetics

Classically, halogenated ether anesthetics, in
general, and sevoflurane in particular, have been
considered to produce an analgesic effect at a central
level (15) but they lack an analgesic effect at
peripheral level (16). Below, we briefly examine the
tests in favor and against.

Pre-clinical experiences using halogenated ether
derivatives

Several experiments exist in which healthy
volunteers inhaled subanesthetic doses of
halogenated anesthesia for short periods of time and
were subjected to different painful cutaneous stimuli
(17,18). None of these works found that the drugs

studied produces a significant analgesic effect. It has
been objectively determined when topically
administered to healthy volunteers and in animal
experimentation. Irrigation with isoflurane and
sevoflurane of forearms dressed in gauze, covered
with plastic and left to act for 30 minutes, produced a
slight local analgesic effect measured with mechanical
and electric stimulation tests (19,20). This application
method has the disadvantage of being rather
inconvenient, and the analgesic effect found was of
low intensity, which hampered finding a clinical
application. Seemingly, skin acted as a barrier for
dispersing the anesthetic and interfered with the
anesthetic effect, because in an in vivo study carried
out on rats the subcutaneous injection of isoflurane
and desflurane produced a dose-dependent local
analgesic effect, similar to the one obtained in the
same experiment with subcutaneous injection with
the local anesthetics lidocaine and prilocaine (21).
This last work led to the administration of
halogenated drugs on wounds (22), because the loss
of the existing cutaneous barrier in a wound means
that administration by drug irrigation to the base of
an ulcer is comparable to its subcutaneous injection.

Clinical experiences using ether and its halogenated
derivatives

At the beginning of the 20th century, certain
reports appeared in which diethyl ether was used
topically for antimicrobial purposes in cavities as a
single treatment for peritonitis (23) and arthritis (23),
and also irrigated on infected wounds (23-25). None
of these reports make any mention of ether's potential
analgesic effect; quite the contrary, in some patients it
caused irritation to the skin surrounding the wound
(25).

From then on, the antimicrobial effect of ether and
of its halogenated derivatives has been studied in vivo
in experimentation with animals (26) and in vitro (27-
29), but the clinical reports focused on their potential
antivirus role in treating labial and genital herpes
(30,31). The application of swabs soaked in ether to
herpes simplex wounds caused a burning pain that
was occasionally defined as worse than the pain of the
disease, but it was followed by a local analgesic effect
(30,31).

After some years without reports of the
antimicrobial employment of ether or its halogenated
derivatives, recent reports have described the
antimicrobial use of sevoflurane in several patients
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affected by complicated infected wounds (12-14). As
mentioned above, the object of this review is not
employment on wounds for an antimicrobial effect,
but for analgesic/anesthetic purposes.

Clinical experiences in the topical use of sevoflurane
as an analgesic

The first clinical experience in the satisfactory use
of sevoflurane as a topical analgesic corresponds to
the year 2011. It was a patient affected by a venous
ulcer with uncontrollable pain. The patient rejected
the use of an epidural catheter owing to a previous
negative experience, the use of opioids due to having
previously undergone a near-fatal intoxication with
these drugs, and EMLA cream due to the pain
associated with its application; in this context, the
compassionate use of sevoflurane rinsing
immediately controlled the pain daily and for a
period of 10-12 hours, and were very well tolerated
by the patient (whose mood spirit improved
considerably), and did not interfere with the healing
of the wound, which closed in 16 days. As the only
adverse effect, the patient suffered pruritus in the
area of healthy skin surrounding the wound, which
could be controlled by preventing the sevoflurane
from going beyond the edges of the wound; the
patient's satisfaction level was very high (3).

As from then, more clinical experiences have been
reported regarding the analgesic effect of topical
sevoflurane, both in isolated clinical cases (4-6,8,10)
and in small case series (7,9,11); the analgesic effect
has also been objectively determined in two patients

(12,13); in total, more than 1,500 applications of
sevoflurane have been reported on almost 150
patients (Table I).

The common conclusion regarding analgesic efficacy
is that the application of liquid sevoflurane is painless
by itself, and the analgesic effect appears in a few
minutes, is so intense that it frequently allows
mechanical debridement of the wound, and lasts for a
period of several hours. Furthermore, there are
reports regarding patients treated with sevoflurane
daily on an outpatient basis for months and even
years (9-11) and so far the is no objective
determination that it produces tolerance; each
application produces the same effect as the first time
(9-11).

SAFETY OF TOPICAL SEVOFLURANE
Systemic effects
Systemic effects for the patient

Topical rinsing of wounds with sevoflurane has
proven to be very safe for patients, because none of
the applications mentioned above reported systemic
adverse effect (3-14). This may be because most of
these applications were carried out in small doses
(up to 20 ml) and on chronic wounds with vascular
etiology, where blood perfusion is deteriorated, so it
is feasible to suppose that absorption into the venous
circulation system takes place slowly and the partial
blood pressures of sevoflurane would be low.

where it was used for antimicrobial purposes But additionally, as it is a volatile molecule, it is to be
TABLE I
CHRONOLOGICAL SUMMARY OF PATIENTS TREATED WITH TOPICAL SEVOFLURANE REPORTED IN THE
LITERATURE
Author and year (reference) Number of subjects Accumulated days of treatment
Ger6nimo Pardo, 2011 (3) 1 16
Martinez Monsalve, 2011 (4) 1 3
Martinez Monsalve, 2013 (5) 9 76
Rueda Martinez, 2014 (11) 1 4
Imbernén, 2016 (6) 1 21
Ferrara, 2016 (12) 1 15
Villarroel, 2016 (7) 89 89
Fernandez Ginés, 2017 (8) 1 35
Fernandez Ginés, 2017 (9) 11 72.0+18.5
Amores Valenciano, 2017 (10) 1 ~ 365
Imbernén-Moya, 2017 (13) 3 45
Imbernén-Moya, 2017 (14) 30 360
TOTAL 149 ~ 1,850
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expected that as part of the quantity of circulatin
sevoflurane diffused to the alveolus passes through
the alveolar capillaries and is exhaled in what could
be called the "first pulmonary stage", which would
constitute an additional safety mechanism when it is
used topically (32); this consideration has not been
sufficiently studied, but there are clinical
experiences with ether that support it. In fact,
systemic effects have only been reported with the
non-inhalation of ether when it was applied or in
high doses or in body cavities, or both. The most
paradigmatic example is rectal etherization,
consisting of administering about 30 ml of ether
rectally to achieve surgical hypnosis (33) or to treat
childbirth pains (34), so the hypnosis cannot be
considered an adverse effect, but intended; used this
way, the scent of ether was noticable both on the
patient's breath and in the room, which
demonstrates pulmonary elimination (33). As
regards undesired effects, it has been described that
the administration of more than 90 ml ether in the
peritoneum as antiseptic treatment for peritonitis
caused hypmosis for hours in some patients,
although all recovered without secondary effects
(23). No undesired systemic effects have been
reported in the intraperitoneal administration of
less than 90 ml (23), in the intra-articular injection
of small amounts of ether to treat septic arthritis
(23), in rinsing with abundant amounts of ether for
infected wounds (23-25), nor when the wounds
were subjected to an ether bath of for a period of 30
minutes (25).

Considering that the anesthetic effect of ether is
very similar to that of sevoflurane, because both
present an approximate MAC value of 2 (1.35), it is
reasonable to suppose that the risk of systemic
effects appearing in the specific context of
administering sevoflurane on complicated wounds is
minimal in doses lower than 50 ml.

Local effects
Local effects for the patient

Unlike systemic effects, there have been reports
of undesired local effects with the administration of
sevoflurane, specifically a feeling of pruritus; this
effect is quite frequent, especially on perilesional
skin, but it is usually well tolerated and does not
lead patients to reject the treatment (3,6-9,11). As
mentioned above, this irritation has also been
described with ether applications (25,30,31).

Local effects for the wound

It is clear that the benefit/risk balance would be
unfavorable if the analgesic effect included a
deterioration of the wound conditions due to the
administration of sevoflurane, so it is worth
commenting on the potential local toxicity of
sevoflurane. But as this aspect has not been formally
studied, we must again resort to indirect tests.

In a preclinical study carried out on rats, it was
found was that the intra-peritoneal injection of
isoflurane, a halogenated derivative of ether, and of
halothane, a halogenated alcohol, caused fibrosis in
all retroperitoneal organs of the rats studied (36).
Conversely, sevoflurane did not cause any alteration
in such organs, even applied at lethal dose (36). This
difference in results may be due to the absence of
chlorine in the sevoflurane molecule and its presence
in those of isoflurane and halothane, although this
aspect has not been studied.

Disregarding speculations, what is clear is that at
clinical level the clinical results obtained with the
administration of ether and sevoflurane have been
very favorable and in general wounds, instead of
worsening, evolved to healing, even when
superinfected (3-14, 23-25), so that so far the
benefit/risk balance is favorable.

FUTURE QUESTIONS

There is a great deal to clarify. This field is so new
that almost none of its aspects have been formally
studied. Until now all the accrued experience is based
on isolated clinical cases and on small case series.
Aspects as important as whether it may be useful in
all kinds of chronic painful wounds (gangrenous
pyodermas, Martorell's ulcers, etc.) or whether it has
any role in the analgesia of the acute wounds, apart
from its potential role as an antiseptic in infected
wounds,-apart from the most suitable type of
formulation (cream, gel, microspheres [37]) remain
to be studied for its potential use outside a hospital
environment (8,9) in treating wounds and other
chronic painful processes, frequency of application,
maximum dose, route to minimize environmental
contamination; the possible use of other halogenated
ether derivatives, the long-term possibility of toxic
effects, etc. And obviously, it is essential to carry out
controlled clinical trials to establish their topical
analgesic role in comparison with other topical
alternatives, especially EMLA cream (38).
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CONCLUSIONS

In view of the existing literature, rinsing of the
painful wound bed with sevoflurane produced a
rapid, intense and lasting analgesic effect. It is easily
administered and painless by itself, and has a very
favorable secondary effect profile. Accordingly, and
while the relevant clinical trials need to be carried out,
the off-label topical use of sevoflurane may be a valid
rescue option in situations of painful wounds that are
difficult to manage.
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