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The Role of Antibiotic Prophylaxis in Prevention of Wound
Infection After Lichtenstein Open Mesh Repair of

Primary Inguinal Hernia
A Multicenter Double-Blind Randomized Controlled Trial
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Objective: To determine whether the use of prophylactic antibiotics
is effective in the prevention of postoperative wound infection after
Lichtenstein open mesh inguinal hernia repair.
Summary Background Data: A recent Cochrane meta-analysis
(2003) concluded that “antibiotic prophylaxis for elective inguinal
hernia repair cannot be firmly recommended or discarded.”
Methods: Patients with a primary inguinal hernia scheduled for
Lichtenstein repair were randomized to a preoperative single dose of
1.5 g intravenous cephalosporin or a placebo. Patients with recurrent
hernias, immunosuppressive diseases, or allergies for the given
antibiotic were excluded. Infection was defined using the Centers for
Disease Control and Prevention criteria.
Results: We included 1040 patients in the study between November
1998 and May 2003. According to the intention-to-treat principle,
1008 patients were analyzed. There were 8 infections (1.6%) in the
antibiotic prophylaxis group and 9 (1.8%) in the placebo group (P �
0.82). There was 1 deep infection in the antibiotic prophylaxis group
and 2 in the placebo group (P � 0.57). Statistical analysis showed
an absolute risk reduction of 0.19% (95% confidence interval,
�1.78%–1.40%) and a number needed to treat of 520 for the total
number of infections. For deep infection, the absolute risk reduction
is 0.20% (95% confidence interval, �0.87%–0.48%) with a number
needed to treat of 508.

Conclusions: A low percentage (1.7%) of wound infection after
Lichtenstein open mesh inguinal (primary) hernia repair was found,
and there was no difference between the antibiotic prophylaxis or
placebo group. The results show that, in Lichtenstein inguinal
primary hernia repair, antibiotic prophylaxis is not indicated in
low-risk patients.

(Ann Surg 2004;240: 955–961)

Mesh repair is, in many western countries, rapidly be-
coming the most popular technique for repair of ingui-

nal hernia.1–6 Of the open mesh repair techniques, the Lich-
tenstein hernia repair is most frequently used. The
Lichtenstein technique is a tension-free repair of the weak-
ened inguinal floor using a polypropylene mesh.7 It is uncer-
tain whether antibiotic prophylaxis is necessary as prevention
against postoperative wound infections, which occur in 0% to
9% of inguinal hernia repairs.8 Especially when a foreign
body like polypropylene mesh is involved, a deep infection
should be prevented. Surgeons at the Lichtenstein Hernia
Institute sprinkled bacitracin and polymyxin powder into the
wound to prevent infection, but recently this strategy was
abandoned.9 Few clinical trials have addressed this issue. One
trial showed a significant (10-fold) decrease in wound infec-
tions with intravenous antibiotic prophylaxis in mesh re-
pair10; 2 others did not.11,12 A Cochrane meta-analysis13 in
2003 concluded that “antibiotic prophylaxis for elective in-
guinal hernia repair cannot be firmly recommended or dis-
carded” and “further studies are needed, particularly on the
use of mesh repair.”

Since many randomized trials and meta-analyses have
shown that mesh repair reduces the risk of hernia recurrence,
the prosthetic repair is worldwide accepted as the gold stan-
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dard in inguinal hernia repair.5,6,14–16 Both in the United
States and Europe, more than 1 million inguinal hernia
repairs are performed annually16; therefore, any improvement
in their treatment could have a large medical and economic
impact. Especially a reduction in the number of wound
infections would have a great impact. Conversely, discarding
the use of antibiotic prophylaxis in inguinal hernia repair
could reduce the risks of toxic and allergic side effects, the
possible development of bacterial resistance,17 or superinfec-
tions and reduced costs.

To assess if systemic antibiotic prophylaxis prevents
wound infection in Lichtenstein inguinal hernia repair, a
multicenter double-blind placebo controlled randomized trial
was performed in the Netherlands.

PATIENTS AND METHODS
Three nonteaching and one teaching general hospital

participated in this study. Surgical residents and surgeons in
participating hospitals enrolled patients and performed the
operations. The ethics committees of all hospitals approved
the study and all patients gave informed consent.

Characteristics of the Patients
Patients with a primary uni- or bilateral inguinal hernia

and an indication for Lichtenstein hernia repair were eligible
for the study. Exclusion criteria were: age under 35, the need
for antibiotics for a different reason, immunosuppressive
disease (diabetes mellitus, malignancy, HIV) or medication
(glucocorticoid therapy), allergy to the given antibiotic, re-
current hernia, or the inability to get an informed consent.

To get insight in a potential selection bias, all eligible
patients in one of the 4 hospitals were registered.

Random Assignment to Treatment Groups
The patients were double-blinded randomly assigned to

either intravenous placebo or antibiotic prophylaxis. A phar-
macist carried out randomization according to a computer-
generated list in blocks of 10 patients with stratification for
each hospital.

Surgical Technique and Antibiotic Prophylaxis
The operations were performed either by a board cer-

tified surgeon or a (supervised) resident. In short, the groin of
the patient was shaved just before or in the operating theater.
A standard Lichtenstein hernia repair was performed as
described by surgeons from the Lichtenstein Hernia Insti-
tute.7,9 Two surgeons with a special interest in hernia surgery
educated the participating hospitals in the standard technique.
A monofilament polypropylene flat mesh (Bard or Autosu-
ture) was sutured in place with monofilament polypropylene
suture (Prolene). Anesthesia and skin closure were not stan-
dardized.

The trial medication consisted of either 50 mL sterile
saline (placebo) or 50 mL sterile saline with 1500 mg Cefu-

roxim (second generation cephalosporin). Cefuroxim was
chosen because of its known activity against the causative
pathogens in inguinal wound infection. The half-life time of
this antibiotic is 1 to 2 hours; therefore, a single dose supplies
therapeutic levels until a few (3–7) hours after wound clo-
sure. A pharmacist prepared the trial medication under lam-
inar airflow condition, and it was packed in nontransparent
material to exclude optical differences. The anesthesiologist
administered the trial medication at the induction of anesthe-
sia. The exact timing of administering was not standardized,
thereby copying daily practice.

Data Collection and Follow-up
Data collection was standardized and performed by

residents and surgeons in the participating hospitals. The
patients were requested to return to the outpatient clinic at 1,
2, and 12 weeks for a standardized history taking and phys-
ical examination. In most cases, the surgeon who performed
the operation did not perform the follow-up. In case of
missing observations, the patients were contacted and a
standardized telephone interview was performed.

Endpoints
The primary endpoint of the study was wound infection

as defined by the Centers for Disease Control and Prevention
criteria.18,19 In this definition, superficial infection occurs
within 30 days after operation and involves only skin or
subcutaneous tissue; deep infection involves fascial and mus-
cle layers and, when related to an operation where an implant
is used, may occur up to 1 year.

Statistical Analysis
The power of the trial (� � 0.05, � � 80%, 2-sided)

was based on the assumption that antibiotic prophylaxis
reduces the wound infection rate from 4% (average in liter-
ature) to 1%. The sample size calculated was 978 patients.
Since we expected a dropout of 5%, we randomly allocated
1040 patients.

Data for all patients who were randomly assigned to a
treatment group and underwent surgery were primarily ana-
lyzed on an intention-to-treat basis. A per-protocol analysis,
which excluded patients with major protocol violations, was
also performed. The third analysis performed was an as-
treated analysis; that is, patients were assigned to a group
based on whether they did actually get antibiotics or not. No
interim analyses were performed. Continuous normally dis-
tributed data are expressed as median with 25% to 75%
quartiles. �2 or Fisher exact test tests were used to compare
proportions. Multivariate analysis of various risk factors
(when P � 0.10 in univariate analysis) for infection was
performed with binary logistic regression analysis. For all
analyses, the SPSS package was used. All analyses were
made under the guidance of an epidemiologist.
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RESULTS
A total of 1040 patients were included in the study

between November 1998 and May 2003. Twenty-five pa-
tients were not enrolled in the primary analysis: 12 patients
withdrew informed consent, and 13 were eventually not
operated. Another group of 19 patients with (in our view) an
acceptable protocol violation (mainly age below 35 or pre-
sumed allergy) was included in the analysis. According to the
intention-to-treat principle, 1008 patients were analyzed (Fig.
1). Randomization was successful: there were no significant
differences in patient or operation characteristics (Table 1).

In one of the 4 participating hospitals (OLVG), all
eligible patients were registered. During 3 years of the study
period, 625 patients were scheduled for Lichtenstein hernia
repair, 483 were eligible, and 363 (75%) were eventually
recruited in the study. Not included were 120 patients for the
following reasons: 96 (20%) refused to participate and 24

(5%) were not asked to participate. These numbers could be
slightly different for other hospitals.

Follow-up was not complete: 199 patients missed their
third follow-up (12 weeks). Of this group, 195 (98%) could
be contacted by telephone. The 4 patients (0.4%) lost to
follow-up and 3 (0.3%) deceased patients had no indication
of an occurring wound problem at their last visit to the
outpatient clinic but did not contribute to the intention-to-
treat analysis.

The number of wound infections was 8 (1.6%) in the
antibiotic prophylaxis group and 9 (1.8%) in the placebo group
(P � 0.82). There were 3 (0.3%) deep infections: 1 in the
antibiotic prophylaxis group and 2 in the placebo group (P �
0.57). Statistical analysis showed an absolute risk reduction
of 0.19% (95% confidence interval, �1.78%–1.40%) and a
number needed to treat of 520 to prevent one infection. For
the deep infection, the absolute risk reduction is 0.20% (95%
confidence interval, �0.87%–0.48%) with a number needed
to treat of 508 to prevent one infection.

Other postoperative infectious complications showed
no significant differences between groups (Table 2). One
patient died of pulmonary complications and a bleeding
gastric ulcer.

For the per-protocol (antibiotic prophylaxis, 8 of 475
�1.7%�; and placebo, 8 of 472 �1.7%�) and as treated analysis
(antibiotic prophylaxis, 9 of 540 �1.7%� and placebo: 8 of 480
�1.7%�) no significant differences were observed.

In the univariate analysis, sex (female, P � 0.01),
bilateral hernia (P � 0.03), and age above 60 years (P �
0.02) were identified as risk factors for infection. Multivariate
analysis of these factors together with operation not per-
formed in day surgery (P � 0.06) and operation performed by
a resident (P � 0.07) was performed. This analysis reached
significance for sex (female, P � 0.01) as an independent risk
factor for infection.

The details of the patients with a postoperative wound
infection are displayed in Table 3. All 3 patients with deep
wound infections had a culture with Staphylococcus aureus.
One patient was treated with intravenous antibiotics and
surgical drainage and recovered completely. Two other pa-
tients were treated with repeated courses of oral antibiotics
and drainage of the wound. A persistent sinus necessitated
removal of the mesh in both patients. Although recurrence
was no endpoint of this study, we documented 6 (0.6%)
recurrences.

DISCUSSION
Both in the United States and Europe, more than 1

million inguinal hernia repairs are performed annually.16 The
majority of these repairs are nowadays performed using a
variety of mesh techniques of which the Lichtenstein “open
flat mesh repair” is the most popular.1,3,4,16 Inguinal hernia
repair is an elective clean operation, and the postoperative

FIGURE 1. Trial profile of randomized controlled trial for anti-
biotic prophylaxis in Lichtenstein inguinal hernia repair. *One
death because of operation-related complications.
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wound infection rate should be very low. Prophylaxis in clean
operations has been shown of value in other areas of surgery
such as trauma20 and vascular surgery,21,22 but in inguinal
hernia repair its benefit remains uncertain.

In this large, randomized, placebo-controlled, double-
blind trial analyzing wound infections after Lichtenstein her-
nia repair, there was no significant difference in the rate of
wound infections between groups of patients receiving anti-
biotic prophylaxis (1.6%) or placebo (1.8%). This study was
performed in general practice with a representative mix of
general and teaching hospitals and surgical experience. In the
Netherlands, there are no specialized hernia centers.

Overall infection rate was low (1.7%) compared with a
similar trial of Yerdel et al10 (4.8%). The relatively low
incidence of wound infection (1.8%) in our placebo group
compared with the 9% in the study of Yerdel et al10 may be
explained by patient and operation characteristics. Previous
studies suggest that these factors influence the risk of wound
infection19 (Table 4). Differences were the duration of oper-
ation (1.5 times longer in the Turkish study), more use of
drains,23 and repeated aspiration of seromas that could cause
secondary infections. In both studies, immunosuppressive

TABLE 1. Baseline and Operative Characteristics of 1008 Patients With Primary Inguinal Hernia
Randomized Between Antibiotic Prophylaxis and Placebo

Characteristic Antibiotic Prophylaxis (n � 503) Placebo (n � 505)

Age (years) (mean � SD) 58.28 � 12.9 58.22 � 13.2
Sex �no. (%)�

Male 481 (95.6) 490 (97.0)
Female 22 (4.4) 15 (3.0)

Characteristics of hernia �no. (%)�
Direct 198 (39.4) 208 (41.2)
Indirect 221 (43.9) 233 (46.1)
Combined 76 (15.1) 60 (11.9)
Unknown 8 (1.6) 4 (0.8)

Surgeon �no. (%)�
Resident 212 (42.1) 225 (44.6)
Certified surgeon 291 (57.9) 280 (55.4)

Anesthesia �no. (%)�
Local 10 (2.0) 7 (1.4)
Spinal 180 (35.8) 191 (37.8)
General 311 (61.8) 303 (60.0)
Unknown 2 (0.4) 4 (0.8)
Bilateral hernia �no. (%)� 27 (5.4) 29 (5.7)
Disinfectant–iodine �no. (%)� 493 (98.0) 496 (98.4)
Operation in day surgery �no. (%)� 231 (46.1) 232 (45.9)
Use of drains �no. (%)� 11 (2.2) 4 (0.8)
Duration of surgery (minutes) �median (25%–75%

quartiles)�
40 (30–50) 40 (28–51)

Incision length (cm) �median (25%–75% quartiles)� 8.0 (7.0–8.3) 8.0 (7.0–8.0)

TABLE 2. Postoperative Complications of 1008 Patients
After Primary Inguinal Hernia Repair Randomized Between
Antibiotic Prophylaxis and Placebo

Variable

Antibiotic Group
(n � 503)
�no. (%)�

Placebo Group
(n � 505)
�no. (%)�

Wound infection 8 (1.6) 9 (1.8)
Deep 1 (0.2) 2 (0.4)
Superficial 7 (1.4) 7 (1.4)
Reoperation within 12

weeks because of
neuralgia

2 (0.4) 2 (0.4)

Removal of infected mesh 1 (0.2) 1 (0.2)
Urinary tract infections 3 (0.6) 2 (0.4)
Pulmonary infections 2 (0.4) 1 (0.2)
Orchidectomy 1 (0.2) 0 (0.0)
Other postoperative

antibiotic prophylaxis
1 (0.2) 2 (0.4)

Total 18 (3.6) 17 (3.4)
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disease was an exclusion criterion. In the Yerdel et al study10

of 280 patients, a significant (10-fold) reduction of wound
infections (from 9% to 0.7%) was found. The number of deep

infections, however, was also low and not significantly dif-
ferent from our study. Unfortunately, the study was prema-
turely stopped because of the high rate of wound infection. It
is likely that the study was underpowered.

A potential drawback of our study is the timing of
administration of the antibiotic prophylaxis: 30 minutes be-
fore incision is difficult to organize in most hospitals. In
theory, the optimal timing of the administration should be so
that the bactericidal concentration is maximal in serum and
tissues by the time the skin is incised.19,24 We chose a
pragmatic approach, adhering to daily practice. Another
drawback is the shortcoming of the follow-up at 3 months,
since 20% was done by telephone. There might be an obser-
vational error, but these patients were told to come back if
there was any complaint and they had no sign of infection at
previous visits. It is unlikely that patients do not remember an
infection and there is evidence that patients are accurate in
determining when a wound is not infected.25,26 It can be
assumed that especially a deep infection would be remem-
bered; therefore, it is unlikely that this potential bias influ-
ences the final results. An explanation for the incomplete
follow-up at 12 weeks might be that the study was not
officially funded and that follow-up was performed during
routine practice.

TABLE 3. Details of Patients With a Wound Infection From a Group of 1008 Patients After Primary Inguinal Hernia Repair
Randomized Between Antibiotic Prophylaxis and Placebo

Days
Postoperation Cultured Microorganism Superficial or Deep Treatment Readmittance

Antibiotic group 14 Staphylococcus aureus; Anaerobic
coccus

Superficial Drainage antibiotics No

10 Enterococcus faecalis;
Corynebacterium

Superficial Antibiotics No

14 Corynebacterium Superficial Drainage No
80 Staphylococcus aureus; Hemolytic

Streptococcus
Deep Antibiotics; mesh

removal
Yes

8 No culture performed Superficial Drainage No
15 No culture performed Superficial Antibiotics No
28 No culture performed Superficial Antibiotics No
14 Group G Streptococcus; Aspergillus

fumigatus
Superficial Drainage antibiotics No

Placebo group 7 Skin bacteria Superficial Drainage No
8 Staphylococcus aureus Deep Drainage antibiotics Yes

15 Staphylococcus aureus Superficial Drainage No
10 No culture performed Superficial Drainage No
7 Staphylococcus aureus; Group G

Streptococcus
Deep Drainage antibiotics;

mesh removal
Yes

8 Staphylococcus aureus Superficial Drainage antibiotics Yes
20 Mixed culture Superficial Drainage No
10 Mixed culture Superficial Drainage No
11 No culture performed Superficial Drainage No

TABLE 4. Patient and Operation Characteristics That May
Influence the Risk of Wound Infection Development19

Patient Operation

Age Duration of surgical scrub
Nutritional status Skin antisepsis
Diabetes Preoperative shaving
Smoking Preoperative skin prep
Obesity Duration of operation
Coexistent infection at a

remote body site
Antimicrobial prophylaxis

Colonization with
microorganisms

Operating room ventilation

Altered immune response Inadequate sterilization of
instruments

Length of preoperative stay Foreign material in the
surgical site

Surgical drains
Surgical technique
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Since there is no benefit in the use of antibiotic pro-
phylaxis for inguinal hernia repair in low-risk patients, its use
is not cost-effective. Because of an unknown impact on
bacterial resistance,17 the use of routine antibiotic prophy-
laxis in primary inguinal hernia repair should be discouraged.
The cost benefit for 1 patient is relatively limited (13.54
euro).27 However, because of the large number of inguinal
hernia repairs performed in low-risk patients (estimated 70% of
all hernias), discarding the use of antibiotic prophylaxis will save
around 10 million euro in the United States and Europe.

In contrast, if a wound infection occurs, it has been postulated
that there is an increase in the recurrence rate,28,29 but this was
in particular when nonmesh techniques were performed.

A major problem occurs when the mesh is infected.
Several studies reported late-onset of mesh infection or
chronic groin sepsis30,31 eventually leading to complete mesh
removal. In this study, 3 deep infections are reported. In all,
Staphylococcus aureus was cultured, resulting in mesh re-
moval in 2 patients (0.2%).

In this trial, performed in general practice, a low wound
infection rate (1.7%) after Lichtenstein inguinal (primary)
hernia repair was found. The results show that, in Lichten-
stein inguinal primary hernia repair, antibiotic prophylaxis is
not indicated in low-risk patients.
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Discussions
DR. SITGES-SERRA: The administration of antibiotics in

surgical patients is a matter of concern whenever there is no
evidence that its benefits outweigh its drawbacks. The latter
can be summarized by the “triple E”: ecological impact on the
patient’s flora, encouraging selection of naturally resistant
and mutated microorganisms; adverse effects related to their
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toxicity and allergenic potential, and, finally, its economic
impact, which poses a significant economical burden to our
health systems. Antibiotic prophylaxis for Lichtenstein’s her-
nioplasty is a controversial issue.

This multicenter randomized double-blind clinical trial
provides hard data against antibiotic prophylaxis in elective
inguinal hernia mesh repair. The study was carefully planned
and conducted, and I see no major methodological flaws. The
inclusion criteria and the sample size imply that the results of
this trial can be applied in most settings to most patients
undergoing primary inguinal hernia mesh repair.

My criticisms to the study design are that I would have
also included patients younger than 35 years. Secondly, I
would have stratified patients in low- and high-risk groups.
Finally, I would have recorded the body mass index, since, in
my view (Badı́a JM, et al. Br J Surg. 1995;82:479), obesity is
one of the major limitations of parenteral antibiotic prophy-
laxis. The key to the interpretation of Dr. Aufenacker’s paper
lies in the results his team has achieved in the control group
showing that excellent surgical outcomes can be achieved by
surgeons operating in appropriate settings with a careful
technique. In these circumstances, antibiotic prophylaxis adds
nothing and should be discouraged because its potential
benefits are outweighed by the “triple E.”

Whether antibiotic prophylaxis may be beneficial when
surgical care is suboptimal is still unknown but may be the
case. A recent paper on the same topic (Yerdel MA, et al. Ann
Surg. 2001;233:26) reports an unacceptable 9% infection rate
in the control group, which was reduced to 0.7% by prophy-
laxis with ampicillin-sulbactam. In low-risk, clean surgery,
lasting for less than 1 hour, the prevalence of infection for
any control group should not be above 2%, and this can be
achieved by careful surgery alone, making the administration
of antibiotics unnecessary.

I have 2 questions: after this study, would you please
tell us whether there may exist a high-risk group of patients
that may benefit from antibiotic prophylaxis? And were the
bacteria recovered in the cases of wound infection resistant to
prophylactic antibiotics?

DR. AUFENACKER: Thank you, Dr. Sitges-Serra, for your
valuable comments and questions.

Regarding the age, stratification in high- and low-risk,
and body mass index, looking back I would really like to have
included these points myself, as they are all very important.
But for the patients who are at risk of a wound infection, the
only tool we have is the univariate analysis we performed,
which shows that long operation time, double-sided hernia,
and age above 60 years were nonindependent risk factors.

So if you have a patient who has a high risk, for
example, diabetes, extreme obesity, or HIV, a double-sided
hernia, a long operation, you still should give antibiotics. We
do not know whether it is necessary because there is no

evidence so far, but you can imagine that in these circum-
stances it might have a function. All bacteria cultured in
infected wounds were sensitive to the given prophylaxis.

DR. O’CONNORS: I have a question that concerns the
informed consent: if I was a prospective participant in the
trial and I had been told about the trial study and the 8%
infection rate and the placebo, and even more having been
told about the Cochrane meta-analysis and that there is a
fourfold difference between treatment and placebo, I would
not have given consent. Were your patients informed about
the context in which this trial was being conducted.

DR. AUFENACKER: When the trial started in 1998, the
study results mentioned today were not reported. The in-
formed consent, however, consists of the hypothesis we had
for a reduction of 4% toward 1%, but also included the side
effects of antibiotics. Twenty percent of the patients did not
want to participate, mainly patients with a company of their
own, who felt safer with the use of antibiotics. The results of
the Yerdel study and the Cochrane analysis were not included
in a revised informed consent later.

DR. CLAVIEN: Congratulations for this excellent ran-
domized study including more than 1000 patients. I also had
the opportunity to look at the full paper. I have 4 questions.
First, as you had a very low infection rate overall, I wonder
whether the study ended up somewhat underpowered. Did
you include enough patients to detect a difference? Second,
did you standardize the type of mesh used among the differ-
ent surgeons or centers? Third, it is not clear in the manu-
script whether prophylactic antibiotics were consistently ad-
ministered at the same time in each patient. This could be an
important bias as inadequate administration may mask pro-
tective effects of antibiotics. Finally, you commented that you
had more infections in women. Was the same operation
performed in both genders?

DR. AUFENACKER: Thank you very much for your im-
portant questions. To start with the last one, the operation was
the same in women, and I have no good explanation for the
difference. But the data are clear.

With regard to the timing of antibiotics, we did not
standardize this because in daily practice there is also a large
variation in the timing, at least in the hospitals that partici-
pated in the study. Many times, antibiotic prophylaxis was
provided when thinking about it. Generally, the patient is
already in the operating theatre during the anesthesia intro-
duction, even though we know that it is better to give it half
an hour beforehand.

The question about the mesh: there were 2 types of
mesh used: a Bard mesh and an Autosuture mesh, and both
were monofilament polypropylene flat mesh. It was only the
label that was different and not the mesh itself.
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