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Background: With established protocols lacking, the choice of
anesthetic technique remains arbitrary in inguinal hernia repair.
Well-designed studies in this subject are important because of the
gap or discrepancy between available scientific evidence and clinical
practice.
Methods: Between August 2004 and June 2006, a multicenter
prospective clinical trial was performed in which 100 patients with
unilateral primary inguinal hernia were randomized to spinal or local
anesthesia. Clinical examination took place within 2 weeks postop-
eratively and at 3 months in the outpatient clinic.
Results: Analysis of postoperative visual analogue scale scores
showed that patients operated under local anesthesia had significant
less pain shortly after surgery (P ! 0.021). Significantly more
urinary retention (P " 0.001) and more overnight admissions (P !
0.004) occurred after spinal anesthesia. Total operating time is
significantly shorter in the local anesthesia group (P " 0.001). No
significant differences were found between the 2 groups with respect
to the activities of daily life and quality of life.
Conclusions: Our study provides evidence that local anesthesia is
superior to spinal anesthesia in inguinal hernia repair. Local anes-
thesia in primary, inguinal hernia repairs should be the method of
choice.

(Ann Surg 2008;247: 428–433)

Several studies indicate that local infiltration anesthesia for
inguinal herniorrhaphy blocks surgical stress effectively,

provides extended postoperative analgesia, is simple to exe-
cute, and is safe for high-risk patients. In addition, patients
are able to mobilize early without postanesthesia side ef-

fects.1–6 A great majority of existing randomized controlled
studies, of which only one small trial compares regional with
local anesthesia, have shown benefits for local anesthesia and
recommend it as the method of choice.7–12 Nevertheless,
complaints of significantly more pain are reported in patients
operated under local anesthesia.13,14 The surgeon’s lack of
familiarity with the technique is usually held responsible.13

In 2003 evidence-based guidelines for the treatment of
inguinal hernia in adults were developed in the Netherlands.15

The main recommendations of these guidelines were to use a
mesh-based repair technique in adult patients as previous
studies of our research group also has demonstrated and to
consider local anesthesia when performing open anterior
repair.16,17 Currently only 7% of all inguinal hernia repairs
performed by general surgeons in the Netherlands are carried
out under local anesthesia. Forty percent of anesthesiologists
in the Netherlands prefer to use spinal anesthesia, which may
lead to the following adverse effects: headache, urinary
retention, motor block of lower extremities, intraoperative
hypotension, and delayed mobility resulting in a delayed
release from hospital.18

With established protocols lacking, the choice of anes-
thetic technique remains arbitrary. Well-designed studies in
this subject are important because of the gap or discrepancy
between available scientific evidence and clinical practice.

The purpose of this randomized controlled trial was to
compare local infiltration anesthesia and spinal anesthesia in
the surgical treatment of inguinal hernia.

METHOD
Between August 2004 and June 2006, 117 patients

scheduled for repair of a primary unilateral inguinal hernia
according to the method described by Lichtenstein et al and
Amid,19,20 were eligible for inclusion in this study. Patients
could only be enrolled once and were not included if they
were aged under 18 years, suffered from a recurrent hernia,
femoral hernia, bilateral hernia, were pregnant, had bleeding
abnormalities, or were unfit for spinal anesthesia as judged by
the anesthesiologist. The regional Ethics Committee of each
3 participating hospital approved the protocol. All patients
gave written informed consent before surgery.

Patients were randomly allocated before surgery to
receive local or regional anesthesia during hernia repair. The
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Abstract
Background Lichtenstein repair (preferably under local

anesthesia) or totally extraperitoneal repair (TEP) are both

good options for treating uncomplicated unilateral inguinal
hernia. We performed a prospective randomized trial to

compare the outcome of TEP repair under general anes-

thesia versus open Lichtenstein inguinal hernioplasty under
local anesthesia.

Methods Adult men with primary unilateral inguinal

hernia without any history of lower abdominal surgery
were assessed for inclusion in the study. Of the 194 patients

assessed for eligibility for recruitment in the trial, 72 were

recruited in the trial and randomized into two groups of 36
patients each. A per-protocol analysis was performed.

Patients were followed for a period of 3 months. Pain was

assessed by a visual analog scale, and quality of life was
assessed by the SF-36 Health Survey Questionnaire, ver-

sion 2.

Results A total of 59 patients were analyzed at the end of
the study, 30 in the Lichtenstein group and 29 in the TEP

group. The operating time (75.93 ± 13.68 vs.
64.77 ± 12.66 min, p = 0.002) and total operating room

time (102.66 ± 15.676 vs. 72.64 ± 12.25 min, p \ 0.001)

were significantly longer in the TEP group. Postoperative
pain scores in the TEP group were lower than the scores in

Lichtenstein group, but the difference was not statistically

significant. There was significantly more use of analgesics
and higher C-reactive protein levels in the Lichtenstein

group. Quality of life and patient satisfaction were similar

in both groups.

Conclusions Lichtenstein repair under local anesthesia is as
good as TEP under general anesthesia. The shorter operating

room time, smaller mesh size, and lower cost of local anes-

thetic drugs all contribute to make Lichtenstein repair the
better choice for repair of uncomplicated unilateral inguinal

hernia, especially in developing nations with scarce resources.

Keywords Anesthesia ! Clinical papers/trials/

research ! Hernia ! Pain ! Quality of life

The use of Lichtenstein repair [preferably under local
anesthesia (LA)] or endoscopic repair, preferably totally

extraperitoneal repair (TEP), has been suggested in the

recent guidelines of the European Hernia Society for the
elective repair of uncomplicated unilateral inguinal hernia

[1]. The superiority of either TEP or Lichtenstein repair for

unilateral hernia is debatable. TEP is most commonly
performed under general anesthesia (GA), but Lichtenstein

repair can be performed expeditiously under LA [2].

Recurrence rates have reduced markedly after widespread
adoption of a prosthetic mesh-based repair, and now the

outcome measures of interest are postoperative pain,
quality of life, and patient satisfaction [1].

Few prospective studies have compared the outcome of

TEP under GA and Lichtenstein repair under LA. We thus
performed a prospective randomized trial to compare the

outcome of these two techniques of hernia repair in terms

of postoperative pain, quality of life, and patient satisfac-
tion. We also compared the operating time and total

operating room (OR) time taken to perform these two

procedures. The hypothesis was that Lichtenstein repair
under LA can offer equally good quality of life, patient

comfort, and patient satisfaction as a TEP repair, but with

shorter operating and OR times.
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Abbreviations

GA, general anaesthesia
HR, hazard ratio
LA, local anaesthesia
LRA, locoregional anaesthesia
PIP, professional inactivity period 
SD, standard deviation
SIP, social inactivity period

Introduction

Since the introduction of the tension-free hernioplasty 
with meshes, the frequency of chronic postoperative pain 
or discomfort exceeds the prevalence of recurrence (1, 
2). Surgical technical aspects such as preoperative anti-
inflammatory drugs (3), laparoscopic versus open re-
pair (4), mesh placing in front or behind the transversalis 
fascia (5, 6), high or light weight meshes (7), resection 
of the hernial sac (8), routine nerve ligation (9), suture, 
bio glue (10) or self-adhering prosthesis (11), have been 
studied. Postoperative pain and discomfort are known to 
be influenced by a range of factors including age, prima-
ry or recurrent repair, gender, pain before surgery, high 
pain scores in the immediate postoperative period (4, 
12), and a history of non-hernia related chronic pain 

condition (13). The short-term effect studies of LA ver-
sus LRA (14) or GA (15) proved an increased day-case 
rate, less postoperative analgesic requirement and fewer 
 micturition problems. Addition of ilioinguinal blockade 
to local infiltration resulted in reduction of intra- and 
post-operative pain scores (16).

To the best of our knowledge, the long term effects 
of local anaesthesia for inguinal hernia repair have not 
been published yet. Here, we report the long term effects 
of local (versus locoregional and general) anaesthesia in 
two cohorts of patients who underwent Lichtenstein type 
mesh repair for primary and recurrent inguinal hernia. 

Patients and Methods

Patient selection
The long term outcome for GA and LRA was derived 
from a group of 161 consecutive patients operated on 
between January 1994 and September 1997, all addressed 
by postal questionnaire in September 2001, and including 
the first author’s learning curve for Lichtenstein repair. 
No LA was used in this period and the anaesthesiologist 
decided whether GA or LRA was proposed to the patient. 
The long term results of the 135 responders out of 142 
still living patients at time of survey, were published in 
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Long Term Outcome after Lichtenstein Hernia Repair Using General, 
Locoregional or Local Anaesthesia 
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Abstract. Background : Chronic pain or discomfort after hernia surgery is nowadays a more challenging concern than 
recurrence. This study aimed to evaluate the long-term impact of local anaesthetic repair (LA) on pain, discomfort, 
paraesthesia and functional outcome after Lichtenstein hernia repair as compared to locoregional (LRA) and general 
anaesthesia (GA). 
Methods : patients with primary or recurrent inguinal hernia underwent Lichtenstein repair with a polypropylene mesh. 
All patients with a follow-up of at least three years were sent a detailed questionnaire and offered an outpatient visit. 
Kaplan-Meier estimates and Cox proportional hazard regressions were used to analyse the relationship between time to 
event variables and explanatory variables including anaesthesia type.
Results : Between 1994 and 2006, in two cohorts, 330 patients answered the questionnaire : 100 under GA, 35 under 
LRA, and 195 under LA. This represented a response rate of 95, 94, and 98% respectively. Compared to GA and LRA, LA 
resulted in less long term pain, discomfort and paraesthesia. Moreover, resumption of social and professional activities 
was faster after LA. Recurrence rates were 1, 0, and 0.5% respectively.
Conclusions : After Lichtenstein inguinal hernia repair, LA results in beneficial effects beyond the immediate postoperative 
period. 
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Ten-year audit of Lichtenstein hernioplasty under
local anaesthesia performed by surgical residents
Hannu Paajanen1,2*, Riitta Varjo1,2

Abstract

Background: To analyse in a prospective trial the long-term results of Lichtenstein hernioplasty performed by
surgical trainees.

Methods: Training of tension-free Lichtenstein hernia operation was started in our ambulatory unit as an
outpatient procedure under local anaesthesia in 1996. After performing 36 teaching operations together with
residents and their supervising specialist, 281 patients were operated during 1996-2000 either by one senior
consultant (n = 141) or by 12 surgical trainees (n = 140). After 10 years, 247 (88%) patients were available for the
long-term assessment.

Results: After one month postoperatively, the rate of wound infections (consultant 1.1%, residents 0.7%) and
hematomas (consultant 1.1%, residents 3.0%) were low and not related to surgeon’s training level (ns). Only 6
(2.1%) clinically evident recurrences were found after 10 years: two after specialist repair and four after trainee
repair (ns). Although one third of the patients reported some discomfort after 3 and 10 years, 93-95% of the
patients were very satisfied with the operation, with no statistical difference between the surgeons.

Conclusion: Ambulatory open mesh repair under local anaesthesia was a safe operation and the long-term results
were acceptable among the patients operated by surgical trainees.

Background
Inguinal hernias occur in about 15% of adult men and
hernioplasty is the most common surgical procedure
performed by general surgeons [1]. Approximately
11 000 inguinal hernioplasties are performed each year
in Finland, over 80 000 operations in England and over
800 000 in the United States [1-3]. In Scandinavian
countries, the majority of groin hernias are currently
operated in ambulatory surgical units. About 20% of
groin hernia repairs are done due to recurrences and
only 4% as emergency [1-3]. The economical impact of
groin hernia surgery is high on the health care system.
There is strong evidence that surgeon’s case volume,

hospital volume and specialisation improve the outcome
of many major surgical procedures, such as coronary
artery bypass, gastrectomy, esophagectomy, pancreatico-
duodenectomy and rectal cancer surgery [4,5]. The role
of specialist centers in more common surgical opera-
tions, such as colon resections or inguinal hernioplasties,

is not so clear [3,6]. Although inguinal hernioplasty is
one of the first operations performed by surgical resi-
dents, only few studies have compared the immediate
results between residents and their consultant [7-11].
The reliable recurrence rate of inguinal hernioplasty
needs over 5 years of follow-up, and there are not avail-
able such long-term studies between residents and
attending surgeons so far.
Lichtenstein hernioplasty is a tension-free technique,

which uses polypropylene mesh to support the inguinal
muscular layers [12]. Its learning curve may be shorter
than traditional groin hernioplasties, and therefore Lich-
tenstein procedure has rapidly increased as a primary
operation in inguinal hernia in many countries. Under
local anaesthesia, it can be performed as a rapid outpati-
ent procedure with cost savings [13]. The present study
was designed as a quality control audit in the surgical
training program for this common surgical procedure.
The main interest was whether well-trained surgical resi-
dents are able to perform Lichtenstein operation with an
acceptable immediate and long-term outcome compared
to the experienced specialist in hernia surgery.
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Abstract Bicarbonate buffered local anaesthetic solu-
tions are known to reduce the pain of infiltration.
However, its efficacy in reducing the pain of infiltration
in patients undergoing inguinal hernia repair has never
been tested. This study aims to test the efficacy of
bicarbonate buffered solution in reducing the pain of
infiltration and pain for the total surgical procedure in a
series of patients undergoing elective inguinal hernia
repair. Forty consecutive male patients with unilateral,
reducible inguinal hernias were studied prospectively.
All patients underwent surgery under local anaesthesia,
the first 20 with unbuffered solution and the next 20
using buffered solution. Pain scores were obtained for
the infiltration in the anaesthetic room and for the total
surgical procedure. In addition, satisfaction scores were
obtained at the end of the procedure. The mean pain
score for the initial infiltration of unbuffered anaesthetic
was 3.00 (range 0–5), and for the buffered anaesthetic it
was 1.45 (range 0–4), P=0.02. The mean pain score for
the entire procedure for the unbuffered group was 3.05
(range 0–6), and for the buffered group it was 1.45
(range 0–5), P=0.02. The patient satisfaction rate was
higher with the buffered solution compared to unbuf-
fered solution (P<0.05). There were no complications
reported with either solution. Buffered local anaesthetic
solution significantly reduces the perceived pain of
inguinal hernia repair, both during the infiltration and
during the procedure itself. It is safe to administer and it
results in a high rate of patient satisfaction.

Keywords Local anaesthesia Æ Buffered Æ Unbuffered Æ
Inguinal hernia

Introduction

Surgical repair of groin hernias is one of the most
commonly performed procedures in the Western world
[1]. Several randomised and retrospective studies have
shown that inguinal hernia repair under local anaes-
thesia results in less postoperative analgesic require-
ments and side-effects, reduced hospital stay, lower costs
and shorter recovery times [2–5]. However, one of the
commonly perceived problems of local anaesthesia is the
pain of infiltration. This has been likened to a burning,
stinging sensation, and can be extreme enough for pa-
tients to be dissatisfied with the procedure [6] and decline
further local anaesthetic surgery [7].

Several strategies were suggested previously to re-
duce the amount of pain at infiltration including
warming the local anaesthetic agent to body tempera-
ture [8, 9] slow administration of the local anaesthetic
[10], withdrawing the needle while injecting [11], and
application of topical anaesthetic ointment [12] but
with little success.

The pain associated with local anaesthetic infiltration
is mostly due to the hydrogen ion concentration which
imparts an acidic nature to local anaesthetic solutions
[13, 14]. Recent randomised trials have confirmed the
efficacy of buffered local anaesthetic mixture with
bicarbonate in reducing the amount of pain perceived
during a variety of operations [7, 15]. This applies
especially to the amide group of local anaesthetics such
as lignocaine and bupivacaine. An addition of 8.4%
sodium bicarbonate to local anaesthetic solution
regardless of the presence of adrenaline buffers the
solution without risk of precipitation [16].

Several authors have used bicarbonate buffered local
anaesthetic solution for local anaesthetic inguinal hernia
repair [17–20], but to date no study has compared this
with unbuffered local anaesthetic solution in reducing
the pain of infiltration during inguinal hernia repair.
One of the commonly encountered problems during lo-
cal anaesthetic inguinal hernia repair is the shortage of
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Abstract
Background The aim of this prospective randomized

study was to determine the utility of transversus abdominis

plane (TAP) block to improve the efficacy of conventional
local anaesthesia for hernia repair in order to achieve an

adequate anaesthesia and to evaluate its post-operative

analgesic effectiveness.
Method Hundred and fifty consecutive male patients

undergoing outpatient hernia repair (Lichtenstein tech-

nique) were enrolled in this study. Patients were randomly
allocated to undergo a combined TAP block and local

anaesthesia (case group) or single conventional local

anaesthesia (control group). The study was designed to
obtain a 1:2 case–control ratio. The primary outcome was

the evaluation of the proportion of patients achieving an

adequate anaesthesia. The secondary outcome was the
evaluation of pain on movement, pain at rest, rescue

analgesia need, nausea and satisfaction.

Results An adequate anaesthesia was achieved in 8 %
case and in 36 % control subjects (p = 0.001). At the 6 and

12 h post-operative evaluations, patients enrolled in the
case group reported significantly less pain (evaluated by

VAS score) both at rest and on movement (p always =

0.001). Moreover, the need of rescue analgesia resulted
significantly higher in the control group (14 vs. 32 %,

p = 0.01).

Conclusion Our results demonstrated that, as compared
with conventional local anaesthesia, the combination of

TAP block with local anaesthesia showed a higher efficacy

in the obtainment of an adequate anaesthesia and in the
post-operative pain control for hernia repair.

Keywords TAP block ! Hernia ! Anaesthesia ! Analgesia

Introduction

Inguinal hernia repair is one of the most commonly per-
formed operations world-wide [1]. However, there is no

common consensus among surgeons regarding the best

choice of anaesthesia.
Several retrospective and randomized controlled trials

demonstrated the clinical and pharmacoeconomic superi-

ority of local anaesthesia as compared with spinal and
general anaesthesia [2–6]. In spite of this, the use of local

anaesthesia for inguinal hernia repair in Europe is not a

common practice. Interestingly, the low utilization of local
anaesthesia for inguinal hernia repair was noticed across

Europe. Previous studies have revealed that, in the UK,

only 5–10 % of inguinal hernias undergo surgery
under local anaesthesia with the majority of cases being

repaired under general (60–70 %) or regional anaesthesia
(10–20 %) [7–11].

The transversus abdominis plane (TAP) block is a

regional anaesthesia technique that provides analgesia to
the parietal peritoneum as well as to the skin and muscles

of the anterior abdominal wall [12, 13]. Despite a relatively

low risk of complications and a high success rate using
modern techniques, TAP block remains overwhelmingly

underutilized. Although the block is technically straight-

forward, there is inertia regarding its adoption into clinical
practice [12].

The aim of this prospective randomized study was to

determine the utility of TAP block to improve the efficacy

M. Milone (&) ! M. N. D. Di Minno ! M. Musella !
P. Maietta ! G. Salvatore ! C. Iacovazzo ! F. Milone
University ‘‘Federico II’’ of Naples, Via Pansini 5,
80131 Naples, Italy
e-mail: milone.marco@alice.it

123

Hernia (2013) 17:749–755

DOI 10.1007/s10029-012-1022-2



The progression of the needle, visible as a bright hyper-

echoic line, was assessed under direct ultrasonography. The
injection site was defined between aponeurosis of internal

oblique and transversus abdominis muscles. During inser-

tion, the transducer was moved with careful manipulation
to continuously visualize the shaft and the tip of the needle

and the aforementioned structures. If necessary, saline

0.9 % (1 ml) was injected to optimize the tip location with
small in-and-out movements. When the tip was correctly

located in the targeted plane, levo bupivacaine 0.5 %
(1.5 mg/kg) was injected with intermittent aspiration and

the correct placement of the needle was confirmed by

expansion of the LA solution as a dark shadow between
aponeurosis of the internal oblique (which moved anteri-

orly) and the transversus abdominis muscles pushing the

muscle deeper (Figs. 1, 2).

Conventional local anaesthesia

As regarding anaesthetic agents, our choice has been a

50–50 mixture of mepivacaina 2 % and ropivacaine

hydrochloride monohydrate 7.5 mg/ml. Approximately
8 ml of the mixture is infiltrated along the line of the

incision using a 2-inch-long 25-gauge needle into the

subdermic and intradermic tissue parallel with the surface
of the skin. Approximately 10 ml is injected deep into the

subcutaneous adipose tissue by vertical insertions of the

needle (perpendicular to the skin surface) 2 cm apart.
Finally, approximately 10 ml is injected immediately

underneath the aponeurosis of the external oblique through

a window created in the subcutaneous adipose tissue at the
lateral corner of the incision. Occasionally, infiltration of a

few millimetres of the mixture at the level of the pubic

tubercle is required to achieve complete local anaesthesia.

Statistical analysis

Statistical analysis was performed with SPSS 15.0. The

Yates corrected Chi square test was used as a means of
evaluating differences in categorical variables, and the

independent t test was used for continuous variables. To

make predictions and to adjust for all the other variables, a
multivariate logistic regression was performed with effec-

tive anaesthesia as the dependent variable, age, BMI,

operative time and hernia types as independent variables.
A separate multivariate logistic regression analysis was

performed to evaluate the need of rescue analgesia use in

the postoperative period. Statistical significance was
accepted when the p value was less than 0.05.

As to the sample size evaluation, planning a study of

independent cases and controls with two controls per case,
with a [2.0 pre-defined OR, an a error \5 % and a

Fig. 1 Diagram of the place of puncture
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power [90 %, we will need to enrol at least 38 experi-

mental subjects and 76 control subjects.

Results

Of the 186 subjects screened for the enrolment in this

study, 36 patients were excluded because of the exclusion
criteria. In particular, 10 were B18 years old, 13 showed a

BMI [ 40 kg/m2, 8 denied their consensus to the study, 5

referred contra-indication to LA agents.
Among the 150 consecutive patients enrolled in our study,

50 underwent hernia repair under combined TAP block and

conventional local anaesthesia (case group), and 100, under
single conventional local anaesthesia (control group).

Baseline clinical and demographic characteristic were

similar between the two groups, and the surgical results did
not significantly differ between the groups (Table 1).

The TAP block procedure added to the surgery 14.4 ±

3.1 min.
As to the efficacy of these anaesthesia methods, 4 of the

50 (8 %) patients from the case group and 36 of 100

(36 %) from the control group (p = 0.001) needed intra-
operative analgosedation with remifentanil (0.05 lg/kg/

min) for inadequate anaesthesia (abdominal pain). None of

the cases and of the controls required general anaesthesia.
After adjusting for all the other variables (logistic regres-

sion analysis), the use of the combined TAP block and

local anaesthesia was associated with a 5.85 Odds Ratio
(95 % CI: 1.89–17.86, p = 0.002) to obtain an adequate

anaesthesia as compared with the conventional local

anaesthesia.
Postoperative VAS score at rest (rVAS) and VAS

score on movement (mVAS) are reported in Figs. 3 and

4. In detail, patients enrolled in the case group expressed

significantly less pain on rVAS at 6 h (p = 0.001) and
at 12 h (p = 0.001) as compared with control group.

On the contrary, no significant differences were found

between the two groups for rVAS scores 24 h (p = 0.1)
after surgery. Accordingly, as compared with controls,

patients from case group reported significantly less pain

on mVAS at 6 h (p = 0.001) and 12 h (p = 0.001),
whereas no significant differences were found between

the two groups for mVAS scores at 24 h (p = 0.07) after

surgery.
During the first postoperative day, because of abdominal

pain, the need of rescue analgesia resulted significantly

higher in the control group as compared with the case
group (14 vs. 32 %, p = 0.01). None of the subjects (case

and controls) needed drugs other than ketorolac (30 mg)

for analgesia. A multivariate logistic regression analysis
showed that the need of rescue analgesia was significantly

higher in subjects undergoing conventional local anaes-

thesia as compared with those in the TAP block and local
anaesthesia combination group (odds ratio 2.89, 95 % CI:

1.17–7.12, p = 0.021). None of the patients had analgesic

requirement during the first week after surgery.
After all, as to the patients’ satisfaction rate after sur-

gery, in this study, we achieved good results among our

patients in either groups (p = 0.2) and no one referred bad
this period (Table 1).

Discussion

This is the first prospective, randomized study showing that
the combination of TAP block and local anaesthesia is

associated with a more adequate anaesthesia achievement

Fig. 2 a Abdominis wall layers before needle insertion, b infusion of LA during TAP block procedure
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