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Topical Anesthesia with Lidocaine Aerosol

in the Control of Postoperative Pain

Robert Sinclair, M.D.,* Jean Cassuto, M.D., Ph.D.,t Seth Hégstrém, M.D.,t Inga Lindén, M.D.,§
Anders Faxén, M.D., Ph.D.,T Thomas Hedner, M.D., Ph.D.,** Rolf Ekman, M.D., Ph.D.t+

Postoperative pain was assessed in patients undergoing inguinal
hernia repair. Ten patients received lidocaine aerosol in the surgi-
cal wound before skin closure, ten patients received placebo aerosol
devoid of lidocaine, and ten patients were untreated. The lidocaine-
treated group had significantly lower pain scores and meperidine
requirements during the first postoperative day compared to the
control groups. During the second day after surgery, these variables
did not differ between groups, Wound anesthesia, assessed by pal-
pation of the wound 24 h after surgery by a blinded investigator,
was significantly more pronounced in the group treated with lido-
caine aerosol than in the control groups. Similarly, in patients un-
dergoing bilateral herniorraphy, wound pain following palpation
was significantly reduced on the lidocaine-treated side compared to
the untreated side. Patients in the group receiving lidocaine aerosol
indicated less pain in connection with mobilization than untreated
patients, but not compared to patients treated with placebo aerosol,
Plasma substance P (SP) and beta-endorphin (BE) measured in li-
docaine-treated patients and in untreated patients before and after
drug administration showed no significant differences regarding
SP, while BE was significantly increased 1 h after surgery in the
untreated group, Plasma lidocaine concentrations were well below
toxic levels. Results show thatlidocaine aerosol used as topical anes-
thetic in the surgical wound is simple to use, and results in a long-
lasting reduction of pain after a single administration. Moreover,
postoperative mobilization is facilitated, and the requirement for
postoperative analgesics is reduced. Wound healing was normal,
and no adverse reactions to lidocaine were reported. (Key words:
Analgesics: meperidine. Anesthetics, local: lidocaine. Anesthetic
techniques: topical. Pain: postoperative. Surgery: herniorraphy.
Endorphins. Substance P.)

PAIN AFTER INGUINAL HERNIA repair is mainly due to
activation of cutaneous and subcutaneous receptors of
afferent nerve fibers involved in the transmission of
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pain.'~® Patients often experience pain necessitating the
use of opiate analgesics which may cause undesirable
side effects. Furthermore, mobilization of the patient is
restricted by pain from the surgical wound.

Several studies in patients undergoing herniorraphy
have shown that local anesthetic-induced neural block-
ade is an effective and simple method of relieving post-
operative pain without adverse reactions. Thus, im-
plantation of polyethylene tubes in the surgical wound
followed by injection of a local anesthetic*” and infil-
tration of a long-acting anesthetic solution®='* have
been shown previously to reduce postoperative pain. In
the present study, lidocaine aerosol was used as topical
anesthetic in the surgical wound in patients undergoing
herniorraphy, and its effect on postoperative pain and
mobilization was evaluated.

Materials and Methods

Thirty patients scheduled for elective inguinal hernia
repair were investigated in a double-blind, randomized
trial. Patients gave informed consent and the study was
approved by the Regional Ethical Committee, Univer-
sity of Goteborg. Patients with hepatic, renal, cardiovas-
cular disease or diabetes were excluded. Preanesthetic
medication consisted of 20 mg phentiazine intramuscu-
larly. Anesthesia was induced with thiopental (4
mg/kg). After the administration of 1 mg of pancuro-
nium to prevent fasciculations, tracheal intubation was
performed with the aid of succinylcholine (1 mg/kg).
After intubation, 5 mg of pancuronium was given, with
additional doses of 1 mg as indicated during surgery.
Anesthesia was maintained with N,O/QO, and isoflu-
rane. At the conclusion of surgery, 1 mg of atropine
followed by 2.5 mg of neostigmine were administered
to reverse neuromuscular blockade.

The patients were randomized into three groups.
Hernia repair was carried out by diflerent surgeons
using the Shouldice technique.!’ After termination of
the hernia repair, before skin closure, one group of
patients (group A; n = 10) received 200 mg of lidocaine
(100 mg lidocaine/ml, ASTRA) that was sprayed
evenly on the cutaneous and subcutaneous surface of
the surgical wound after carefully wiping the surface. In
a second group (group B; n = 10), placebo aerosol with
the same contents except for lidocaine was used while,
in a third group (group C; n = 10), no aerosol was
administered. Placebo and lidocaine aerosol solutions
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were blinded to the operating surgeons and all investi-
gators by ASTRA. The untreated group was included
in the study for comparison with the normal clinical
situation. We were, however, unable to obtain an acro-
sol containing only saline for group C. In order to blind
this group, a blinded surgeon, different from the oper-
ating surgeons, performed all follow-up of the patients
after surgery. All staff at the postoperative ward were
blinded to the patient groups.

A separate group of seven patients undergoing bilat-
eral inguinal hernia repair were randomized to receive,
double blindly, lidocaine acrosol on one side, the other
side serving as untreated control. This part of the study
aimed at evaluating postoperative wound anesthesia
with patients serving as their own control.

A questionnaire concerning adverse reactions to li-
docaine (lightheadedness, tinnitus, perioral numbness,
drowsiness, and slurred speech) was answered by the
patients on the morning of the first postoperative day.
All the patients were evaluated during a 1 2-month pe-

riod regarding wound healing. The first evaluation of

the wound was performed 3 weeks after surgery, when
a surgeon or a registered nurse examined the surgical
area and interviewed the patients. Abnormalitics, such
as infection, hematoma, rupture, or abnormal inflam-
matory reaction in the wound were reported. Three
months and | yrafter surgery, the patients answered a
questionnaire concerning wound healing.

PAIN ASSESSMENT

Pain during the initial 48 h after surgery was assessed
using a linear analogue pain scale ranging from 0 (no
pain) to 100 (pain as bad as it could be).'* Starting
within 1 h after the return from the operating room,
patients scored their pain at 2-h intervals during the
first 12 h after surgery and at 4-h intervals during the
remaining period of observation. No meperidine was
administered before the first pain assessment. When pa-
tients complained of pain, they were given intramuscu-
lar injections of 50 mg meperidine until pain was re-
lieved. Twenty-four hours after surgery, pain felt by the
patient upon firm palpation of the surgical wound was
evaluated on a linear pain scale ranging [rom 0 to 100.
Wound palpation was performed in all patients by the
same investigator, blinded to the patient groups. More-
over, patients were mobilized after 12-14 hand pain in
connection with mobilization was recorded on a five-
graded scale (1-no pain, 2-discomfort in the wound but
no pain, 3-light pain, 4-moderate pain, 5-severe pain).

PLASMA CONCENTRATIONS OF LIDOCAINE

Venous blood samples were drawn from all the
groups in heparinized tubes 10 min, 30 min, 60 min, 90
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min, and 24 h after closing the surgical wound. Samples
were kept on ice until centrifugation, and plasma was
kept frozen at —=70° C until analysis. Plasma lidocaine
concentrations were determined in the group of pa-
tients treated with lidocaine aerosol (n = 10) by mass-
fragmentography'® (ASTRA Research and Develop-
ment Laboratories, Sweden). Sample-to-sample varia-
tion is less than 10%, and sensitivity of assay is 9 ng/ml
plasma. Plasma levels of lidocaine are expressed as ng
lidocaine/ml plasma.

PLASMA BETA-ENDORPHIN AND SUBSTANCE P LEVELS

Venous blood was sampled from all the patients in
pre-chilled tubes containing EDTA, 1 h before surgery
and 1, 6, and 24 h alter drug administration. Samples
were analyzed in eight untreated patients and nine lido-
caine aerosol-treated patients. Blood from one patient
in the lidocaine group and two patients in the control
group was discarded due to hemolysis in the tubes. Sam-
ples were stored at —70° C until analysis. Immunoreac-
tive (IR) beta-endorphin was quantified using a N-ter-
minally directed rabbit antiserum in a final dilution of
1:30,000. The detection limit was 1.9 pmol/I (0.19
fmol/tube). This antiserum has negligible cross-reactiv-
ity against beta-lipotropin, and the intra- and interassay
coefficients of variation were below 8%.'* Immunoreac-
tive substance P (SP) was quantified using a rabbit anti-
serum (a kind gift from Dr., E. Brodin, Stockholm, Swe-
den) that has been described in detail previously.'® The
detection limit is 1 pmol/l (0.1 fmol/tube). SP-anti-
serum detects no known tachykinin besides SP."

BACTERIOLOGICAL EXAMINATION

Samples for bacteriological analysis were obtained at
random from ten bottles containing lidocaine aerosol
that had been in use during a 6-month period. The
bottles were stored at room temperature. The samples
were cultured aerobically on blood agar plate and selec-
tive media for streptococci, staphylococci, and gram-
negative enterobacteria. The plates were examined
after 18 h at 37° C. The result was scored negative if
there was no visible growth on agar.

STATISTICAL METHODS

Differences between groups were analyzed using the
Wilcoxon rank sum test. Differences in pain scores in
the group undergoing bilateral herniorraphy were ana-
lyzed using the Wilcoson signed-rank test. The esti-
mated means of the accumulated pain scores during the
first and second postoperative days were calculated in
each patient, and the differences in means between the
groups were analyzed using the Wilcoxon rank sum
test. All data were unblinded and analyzed 1 yr after
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TABLE L. Personal and Clinical Data from 30 Paticits Undergoing
Unilateral Inguinal Hernia Repair under NyO-Og-isoflurane and
Relaxant Anesthesia (Mean £ SEM)

LIDOCAINE AEROSOL AND POSTOPERATIVE

Placebo Lidocaine

Acrosol Aerosol Untreated
Number of patients 10 10 10
Age (yr) 42+ 4 49 + 4 35+ 4
Sex (male/female) 10/0 9/1 9/1
Weight (kg) _— T7Tx3 73 x4 84 x4
Duration of surgery

(min) 39 +£7 60 6 68 + 4

inclusion of the last patient into the study. Data are
expressed as mean = SEM.

Results

The three groups of patients were comparable with
regard to personal and clinical data (table 1). The esti-
mated mean of the accumulated pain scores during the
first 24 h after surgery was significantly lower in pa-
tients in group A (22 % 2), weated with lidocaine acro-
sol, than in those in group B (37 % 5) (P < 0.05) and
group C (38 + 5) (P < 0.01) (fig. 1). No significant
differences were found between patients in group Band
group C. Pain scores during the second postoperative
day were not significantly different between group A
(19 £ 4), group B (19 + 4), and group C (19 £ 2),

The need for meperidine during the first day alter
surgery was significantly reduced in the lidocaine-
treated group compared with the group receiving pla-
cebo aerosol (P < 0.01) and the untreated group (P
< 0.01) (fig. 2). Meperidine requirements were not sig-
nificantly different between the groups during the sec-
ond day after surgery (fig. 2).

Wound tenderness upon palpation 24 h after surgery
was significantly reduced in patients in group A com-
pared with those in group B (P < 0.05) and group C (P
< 0.05) (fig. 3). In the group of patients undergoing
bilateral herniorraphy, a significantly more pronounced
anesthesia in the surgical wound was found on the lido-
caine-treated side (P < 0.01) (fig. 3).

The severity of pain experienced by the patients upon
mobilization was significantly reduced in lidocaine-
treated patients (group A) (2.5 + 0.5) compared to
those untreated (group C) (3.6 + 0.2) (P < 0.05), but
not compared to those receiving placebo (group B) (3.2
* 0.5). The difference between group B and group C
was not significant.

The follow-up of wound healing revealed one un-
treated patient with wound infection necessitating only
skin revision. Wound healing was prolonged in this pa-
tient, but no late complications were found upon re-
newed inspection 3 weeks later. Normal wound healing
was reported inall patients 3 months and 1 yr following
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FIG. 1. Pain scores during 48 hafter surgery in patients undergoing
unilateral hernia repair and treated with lidocaine acrosol or placebo
acrosol in the surgicil wound and in untreated controt patients.

surgery. No hernia recurrences were reported in any
group 1 yr after surgery.

Plasma lidocaine reached a steady-state level ranging
between 150 and 166 ng/ml within 30 min after drug
administration. Measurable plasma levels of lidocaine
were obtained in several patients 24 h after administra-
tion of the acrosol (fig. 4).
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FIG. 2. Meperidine requirements during the first and second postop-
erative days in patients receiving lidocaine acrosol (1.A) or placebo
acrosol (PA) in the surgical wound and in untreated control patients
(C). **P < 0.01 versus PA and C. Data are mean £ SEM.
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F16. 3. Pain scores upon palpation of the surgical wound 24 h afier
surgery to evaluate wound anesthesia, 1A = lidocine acrosol; PA
= placebo aerosol; C = untreated control. Left panel illustrates a
group of seven patients undergoing bilateral herniorraphy and ran-
domly treated with lidocaine aerosol onone side, the otherside serving
as untreated control. Significantly lower pain scores (P < 0.01) were
indicated on the lidocaine-treated side. Right panet illustrates data
from three groups of patients undergoing unilateral hernia repairand
treated with LA, PA, or C. Pain scores were significantly reduced in
the LA-treated group compared to PA (P < 0.05) and C (P* < 0.05).
Differences between C and PA were not significant, *P < 0,05, **p
< 0.01 versus untreated controls (C), P < 0.05 versus placebo acrosol
(PA). Data are expressed as mean £ SEM.
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I16. 4. Plasma lidocaine levels in ten patients treated with lidocaine
aerosol (200 mg lidocaine) in the surgical incision following inguinal
hernia repair. Plasma levels reached steady state after 30 min and were
detectable up to 24 hafter drug administration.
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One hour after surgery, beta-endorphin levels were
significantly increased in patients in the untreated
group compared to lidocaine-treated patients. Six hours
postoperatively, beta-endorphin concentrations had re-
turned to preoperative levels (fig. 5). Plasma substance
P levels showed no significant differences between the
two groups (fig. 5).

The microbiological culture revealed no bacterial
growth in any of the lidocaine aerosol solutions exam-
ined.

Discussion

The analgesia induced by topical lidocaine was sur-
prisingly long lasting, taking into account that infiltra-
tion of lidocaine in intact tissue normally blocks nerve
conduction for only about 1-3 h." There may be sev-
eral possible explanations for this long-lasting cfTect.
Reduced venous outflow, capillary and venous stasis,
and slowed capillary blood flow in the incisional arca
duc to shunting or thrombosis of injured vessels'?
would all tend to reduce wash-out of the drug from the
incisional area and, thus, prolong its effect.

Another possible explanation could be that lidocaine
forms microdroplets with polyethyleneglycol (PEG 400)
that act as slow-release units with ultra-long duration, a
mechanism reminiscent of that recently shown in a
study of lecithin-coated methoxyflurane microdrop-
lets.'"® Such an interpretation is supported by the fact
that plasma concentrations of lidocaine were measur-
able up to 24 h after administration of a single dose.

Another plausible explanation for the extended anal-
gesic effect of lidocaine aerosol would be the potent
anti-inflammatory actions that amide local anesthetics
posses due to their structural similarity to steroid
agents.'” Trauma to the skin is known to cause release
of potent inflaimmatory agents, such as histamine, sero-
tonin, bradykinin, and prostaglandins (PG).2’ These
agents act directly by activation of [ree nerve endings of
pain afferent A-delta and C-fibers?'* and, indirectly,
by sensitization of receptors to stimulation.** This in-
flammatory reaction in the arca of surgery is probably
responsible for the activation and maintenance of pain
during several days after the mechanical trauma. The
anti-inflammatory effect of amide local anesthetics is
potent®® and long lasting,?® and can be mediated
through several mechanisms. These include inhibition
of the effects of PGs,” inhibition of the migration of
leucocytes to the inflammatory area® and their activa-
tion,**® inhibition of the release of lysosomal enzymes
from leucocytes,” and reduction of vascular permeabil-
ity.** Such effects would inhibit the release and actions
of noxious inflammatory agents in the tissue, and pre-
vent the initiation and maintenance of wound tender-
ness and pain.
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Accumulated data support the hypothesis that the
endorphin system is an important link in the endoge-
nous control and perception of pain.** Increased plasma
beta-endorphin levels due to surgery are effectively re-
duced by regional anesthesia.™ Along with the inhibi-
tion of pain, our study showed a transient reduction of
plasma beta-endorphin in the group treated with lido-
caine acrosol.

There is strong evidence that substance P (SP) is lo-
calized in a great number of unmyelinated somatosen-
sory neurones® and is involved in the transmission of
sensory information from these afferent neurons to the
CNS. Noxious stimuli will cause release of SP antidrom-
ically and elicit a local inflammatory reaction.®® Intense
stimulation of primary afferents will also cause release
of SP in the CNS.*” Surprisingly, plasma SP-levels were
not elevated compared to pre-anesthetic values in any of
the groups, possibly reflecting a magnitude of surgical
trauma too small to induce sufficient release of SP lo-
cally.

In addition to lidocaine, lidocaine aerosol contains a
number of other agents. PEG 400 is a clear, colorless,
viscous liquid which is practically inert.” Cetylpyridine
chloride (9.7 mg/100 g solution) is a cationic surface
active agent with bactericidal effect on gram-positive
and gram-negative bacteria.*® It is used in the aerosol
due to its emulsifying actions, and is known to have a
relatively low systemic toxicity and no reported effects
on nerve tissue.” The concentration of ethanol in the
solution is 7.3 g/100 g solution (7.3%). Ethanol is used
in this preparation to dissolve the lidocaine base. The
concentration of alcohol needed to block conduction in
peripheral nerves has previously been reported to be in
the range of 5-10%,* i.e., similar to the concentration
used in the present aerosol solution. Besides blocking
nerve conduction, alcohol also possesses anti-inflamma-
tory properties.*** This combined effect of alcohol
may explain the tendency towards reduced pain in pa-
tients treated with placebo aerosol compared with un-
treated patients.

Previous investigators have used implantation of
polyethylene catheters in the surgical wound in order to
obtain long-lasting analgesia.*™” This technique allows
repeated injections of a local anesthetic at regular inter-
vals after surgery. However, implantation of a foreign
body in the surgical wound may cause irritation and
maintain the inflammatory reaction. Moreover, an in-
creased risk for postoperative infections is apparent, as
was demonstrated in a recent study.™ The introduction
of an agent into the surgical wound, ir., lidocaine,
known to suppress leucocyte phagocytic activity®' might
also pose an increased risk for wound infections. On the
other hand, the aerosol solution contains several potent
bactericidal or bacteriostatic agents, such as cetylpyri-
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F1G. 5. Plasma beta-endorphin and substance P concentrations in
patients undergoing unilateral herniorraphy and treated with lido-
caine acrosol on the cutancous and subcutancous surface of the surgi-
cal wound and in untreated controls. *P < 0.05 versus control. Data
are given as mean & SEM.

dine,* lidocaine,* and alcohol, that may also explain
the negative results from the bacteriological examina-
tion of the bottles. In our study, no significant differ-
ences were observed regarding postoperative wound
infections between the three groups, although the small
number of patients do not allow conclusions to be
drawn on this issue. The potent anti-inflammatory ac-
tions of lidocaine could also suppress wound healing in
the postoperative period by interfering with the normal
reparative process. However, the follow-up examina-
tions do not lend support to siich effects.

Most local anesthetics can cause histological changes
in skeletal muscle.*® Muscle regeneration is, however,
complete within 2 weeks following administration of the
drug."“ In this study, lidocaine was administered after
closing the muscular fascia, and no complications re-
lated to muscle damage, such as hernia recurrence,
were reported.
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The possibility that the concentration of lidocaine
used in the present solution may cause a long-lasting
blockade of nerve conduction due to histopathological
nerve changes must be considered. However, consider-
ably higher concentrations than those used clinically are
required.'” In conclusion, the present aerosol technique
is simple to use, does not require implantation of a for-
eign body in the wound, and results in a long-lasting
reduction of pain after a single administration. Further-
more, postoperative mobilization is facilitated, and the
requirement for potent analgesics is reduced. Wound
healing was not affected, and no systemic adverse reac-
tions to lidocaine were reported. The present results
are valid in patients undergoing minor plastic surgery
and skin surgery where activation of cutancous and sub-
cutaneous nociceptors dominate. It remains to be
shown if topical wound anesthesia is equally effective in
the control of postoperative pain in patients undergoing
major surgery.
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