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Abstract

Purpose The aim of the present randomized clinical
study was to assess the efficacy of simplex lidocaine in
local anesthesia for inguinal hernia mesh-repairs, compare
analgesia of three different concentrations of lidocaine, and
explore use of lower concentrations of lidocaine in local
anesthesia for inguinal hernia mesh-repairs.

Methods A total of 102 consecutive patients undergoing
inguinal hernia repairs were randomized to three groups:
group A (n = 34) received solution with a lidocaine con-
centration of 8 mg/mL, group B (n = 34) received a lido-
caine concentration of 5 mg/mL, and in group C (n = 34)
the lidocaine level was reduced to 3.3 mg/mL. Intraoperative
pain and pain at 24 h and 48 h postoperatively were assessed
by means of a visual analogue scale. Volume and doses of
lidocaine used in local anesthesia were strictly recorded.
Results The efficacy of simplex lidocaine in local anes-
thesia for inguinal hernia mesh-repairs was excellent, no
patient required conversion to general anesthesia. The
mean pain scores were not significantly different among
the three groups.

Conclusions The local anesthesia technique was good
with lidocaine alone in local anesthesia for inguinal hernia
mesh-repairs. A concentration of 3.3 mg/mL lidocaine
provided similar analgesia as 5 or 8 mg/mL lidocaine.
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Introduction

Although large quantities of epidemiologic data have
shown that general anesthesia and regional anesthesia are
the preferred methods for inguinal hernia repairs in public
hospitals [1-4], local anesthesia is almost always used in
specialized hernia centers [5—7]. However, the choice of
local anesthetic agents, their concentrations and doses may
differ. Recently, mixtures of local anesthetic agents have
become popular, but as lidocaine has a high dose limita-
tion, and a quick action time, it is usually used alone in
local anesthesia [8—11]. In our center, we have used lido-
caine alone in more than 1,000 inguinal hernia repairs;
almost all patients tolerated this anesthesia technique well.
Concentrations of lidocaine used were 10 or 5 mg/mL. On
one occasion, we used a lower concentration of lidocaine
as a result of a mistake in the diluting process made by one
scrub nurse, but the patient tolerated the local anesthesia
well in this case too. This gave us a hint that a concen-
tration of lidocaine of lower than 5 mg/mL can also pro-
vide comparable analgesia. The aim of this randomized
study was to assess the efficacy of simplex lidocaine in
local anesthesia for inguinal hernia mesh-repairs, compare
three different concentrations of lidocaine, and determine a
lower effective concentration of lidocaine for this purpose.

Patients and methods

Patients aged over 18 years with primary, unilateral
inguinal hernia scheduled for selective tension-free hernia
repair were eligible to participate in the study. Patients
were excluded if the hernia was irreducible, recurrent, was
a femoral hernia, or if they had a history of allergy to
lidocaine.
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A total of 102 consecutive patients were randomized to
three groups using a computer-generated randomized
sequence, to receive local anesthesia with one of the three
concentrations of lidocaine: group A (n = 34) received
solution with a lidocaine concentration of 8§ mg/mL, group
B (n = 34) received a lidocaine concentration of 5 mg/mL,
and in group C (n = 34) the lidocaine level was reduced to
3.3 mg/mL.

Before anesthesia, ampules of simplex lidocaine
(400 mg/20 mL) were diluted with 30, 60, 80 mL normal
saline, respectively. Non invasive blood pressure (NIBP),
electrocardiography, respiratory rate (RR), and oxygen
saturation measured by pulse oximetry (SpO2) were
monitored and recorded during the operation with an
automatic device. All the operations were performed by a
single experienced surgeon.

A step-by-step infiltration was provided with one of the
three concentrations of lidocaine according to the ran-
domized group. The incision was marked with a permanent
pen on the medial half of the skin between the pubic
tubercle and anterior superior iliac crest. The first injection
of 10 mL lidocaine was given subdermally and then
intradermally using the guidance of the skin marking;
5-10 mL lidocaine was then injected to the inguinal canal,
and 5-10 mL to the pubic tubercle from the landmark on
the body surface of the pubic tubercle; 10 mL lidocaine
was administered into the inguinal canal at the midpoint of
the skin marking. After skin and subcutaneous tissue dis-
section, 10—15 mL lidocaine was given under the external
aponeurosis. After opening the external aponeurosis, a
10-15 mL dose of lidocaine was injected into the mesen-
tery of the spermatic cord, neck of hernia sac and preper-
itoneal space at the internal inguinal ring. Extra lidocaine
was also given in 3-10 mL portions when needed. The
total volumes of lidocaine in milliliters were strictly
recorded by the scrub nurse. All the hernias were repaired

with light, composite meshes of Ultrapro Hernia System
(Ethicon, Norderstedt, Germany).

The patients’ pain experience was assessed on a 10 cm
visual analogue scale (VAS) with 0 cm corresponding no
pain and 10 cm the worst imaginable pain. Intraoperative
pain was assessed immediately after surgery finished, and
again at 24 and 48 h postoperatively.

The study was performed in accordance with the
Helsinki-II declaration, and was approved by the Sichuan
University, West China Hospital Ethics Committee.
Patients gave written informed consent prior to the study.
Data are presented as mean (SD) for continuous numerical
data. P < 0.05 was considered significant. Statistical
evaluation was done with the Kruskal-Wallis test and the
one way ANOVA test where appropriate. All data analysis
and statistical tests were performed with SPSS 17.0 for
windows (http://www.spss.com).

Results

Of the 102 patients who were randomized to the study, all
were included in the final analysis. Patient characteristics
are shown in Table 1. There were no significant difference
in numbers of patients, age, sex, type of hernias by
Gilbert’s classification, and BMI (P < 0.05). Simplex
lidocaine provided good analgesia, none needed conversion
to general anesthesia. Volume and doses of lidocaine used
in operation are shown in Table 2. The mean doses of
lidocaine used in Group C were significantly lower than
in Groups A and B, and volume of lidocaine used was
significantly larger than other two groups (Table 2). No
toxic reaction occurred in any patient. The mean intra-
operative pain scores were not significantly different
among the three groups, and were also comparable at 24
and 48 h postoperatively (Table 3, Fig. 1).

Table 1 Patient characteristics

Group A (n = 34) Group B (n = 34) Group C (n = 34) P value
Age (years) 61 (18) 69 (13) 64 (18) 0.501
BMI 64.5 (8.5) 62.5 (8.7) 65.5 (10.2)
Gender 0.357
Male 34 32 33
Female 0 2 1
Gilbert 0.159
1 2 1 1
I 11 20 12
1 17 12 16
v 1 1
v 0 3
Data are mean (SD) VI 3 0 I

BMI body mass index
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'I.‘able.Z Volun}e and d(?ses of Group A Group B Group C P value

lidocaine used in operation

AtoB BtoC AtoC

Volume (mL) 38.0 (6.8) 522 (7.7) 58.5 (14.4) 0.000 0.000 0.000
Dose (mg) 303.9 (54.4) 261.2 (38.7) 193.1 (47.6) 0.000 0.013 0.000

Data are mean (SD)

Table 3 I.ntrao.p erative and Group A Group B Group C P value

postoperative visual analogue

scale (VAS) scores AtoB BtoC AtoC
Intraoperatively 1.0 (1.0) 0.8 (1.1) 0.7 (0.9) 0.343 0.742 0.072
24 h postoperatively 2.3 (2.0) 1.9 (1.8) 2.0 (1.8) 0.905 0.714 0.415
48 h postoperatively 1.8 (1.8) 1.5 (1.4) 1.2 (1.3) 0.704 0.933 0.307

Data are mean (SD)

25

@ Group A n=34
B Group B n=34

0O Group C n=34

VAS scores

intraoperatively 24h postoperatively 48h postoperatively

Time

Fig. 1 Pain visual analogue scale (VAS) scores intraoperatively, 24
and 48 h postoperatively

Discussion

In the local anesthesia technique, we used lidocaine alone,
without mixing with epinephrine or any other local anes-
thetic agents. All the patients tolerated the anesthesia
technique well, and none required conversion to general
anesthesia.

In recent years, mixtures of lidocaine and other local
anesthetic agents (e.g., ropivacaine, bupivacaine) have
been popular for inguinal hernia repairs [5, 12—14]. How-
ever, no prospective randomized control test has proved
that mixtures of local anesthetic agents can provide better
analgesia effect, and some advocate that there are no sig-
nificant advantages to the use of mixtures [15]. Further-
more, Krikava and Jarkovsky et al. [16] found that
cardiotoxicity in isolated rat heart increased in the presence
of mixtures of bupivacaine and lidocaine compared to
lidocaine alone. The action time of lidocaine is 1-2 h, and
that of bupivacaine is 2-6 h. The mean operation time
required for unilateral inguinal hernia repair in our center is
25 min, which is within the action time of lidocaine. The
purpose of mixing local anesthetic agents was not primarily
to relieve intraoperative pain, but rather to effect short-time
postoperative pain. However, a patient’s postoperative pain

is not limited to 6 h, but lasts considerably longer. We
therefore think that taking analgesics orally preoperatively
and postoperatively may be better than using long-acting
anesthetics intraoperatively. By doing this, analgesia can
be both longer and better [17], and potential adverse effects
such as neural and cardiac toxicity can be reduced.

Almost all of the currently reported concentrations of
lidocaine in local anesthesia for inguinal hernia repairs
were 5 mg/mL or higher. In our study, the lowest con-
centration of lidocaine used was 3.3 mg/mL. The results of
our randomized trial showed that there was no significant
difference in intraoperative or postoperative pain compar-
ing the three different concentrations of lidocaine used
(Table 3, Fig. 1), but the doses of lidocaine used in group
C were significantly lower (Table 2). This shows that
3.3 mg/mL lidocaine can provide similar analgesia with
less lidocaine, with results as good as with higher con-
centrations (5 and 8 mg/mL). The larger dose of lidocaine
used for the preparation of higher concentrations therefore
seems not to be required. As we all know, toxicity of
lidocaine is associated with its dose and concentration.
Although no patient in any of our three groups developed
lidocaine toxicity, we believe that the likelihood of lido-
caine toxicity would be least in the lowest dose group. For
safety, we should use the lowest possible concentration of
lidocaine; however, we did not know if 3.3 mg/mL was the
lowest concentration we could really use. It is not clear
from the literature whether doses even lower than ours
might be applicable. New studies are needed to answer this
question.

In local anesthesia techniques, some advocate high vol-
ume and low concentration anesthetics [18], and others
report that low volume and high concentration anesthetics
produce better analgesia effect [19]. In our study, the pain
scores of the three groups were not significantly different, but
the lower concentration of lidocaine (group C, 3.3 mg/mL)
had specific advantages. The local anesthetic agents we used
were simplex ampules of lidocaine (400 mg/20 mL) diluted
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with normal saline. After dilution, the total volume of
lidocaine in group A (8 mg/mL) was only 50 mL. Some
patients who are more sensitive to pain sometimes need
more lidocaine; the possibility that the volume of lidocaine
would then be insufficient intraoperatively was then a
concern. However, in group C, the volumes of lidocaine
prepared were 100 mL, thus we can added lidocaine
whenever the patient felt pain throughout the entire oper-
ation without worrying about its insufficiency. Moreover,
at the lower concentration, the dose of lidocaine did not
increase obviously with increasing volume. The mean
volume of lidocaine used during operations in Group C was
significant higher than in groups B and A, but the mean
doses of lidocaine showed the opposite trend (Table 2),
meaning that the anesthesia technique we used was not
only high volume and low concentration, but also that low
dose anesthetics provided excellent analgesia and were
safer.

A further advantage of 3.3 mg/mL lidocaine attributed
to its larger volume, as injection of the solution enables the
tissue to become turgid, and the layer of dissection can be
viewed more clearly [14]. As the potential for neural and
vessel injury during surgery is thus reduced, this may
contribute to decreasing the rate of chronic postoperative
pain [20]. Moreover, injection into the mesentery of the
spermatic cord and preperitoneal space at the internal
inguinal ring make it easer to gain access to the preperi-
toneal space, reducing the degree of difficulty of the
operation.

In conclusion, we think that local anesthesia with lido-
caine alone is successful in inguinal hernia mesh-repairs,
and that its effect is satisfactory with a concentration of
3.3 mg/mL, which provides analgesia as good as with
concentrations of 5 and 8 mg/mL. Moreover, this tech-
nique is applicable not only to inguinal hernia mesh-
repairs. It can be utilized during other hernia repairs [8, 9],
and we use it routinely for umbilical, small incisional and
epigastric hernia repairs.
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