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Abstract

Introduction The use of antibiotic prophylaxis in inguinal

hernia repair is a controversial issue. Accepted randomized

controlled trials or registry data with specific analysis of

endoscopic repaired patients do not exist.

Patient and methods The data presented in this study

compared the prospectively collected data from the Her-

niamed Registry on all patients who had undergone uni-

lateral, bilateral or recurrent repair of inguinal hernias

using either endoscopic or open techniques between

September 1, 2009, and March 5, 2014. In total, 85,033

patients were enrolled. Of these patients, 48,201 (56.7 %)

had an endoscopic and 36,832 (43.3 %) an open repair. The

target variables analyzed were impaired wound healing and

deep infections with mesh involvement within 30 days

after the operation.

Results Analysis of the patient group with endoscopic/

laparoscopic inguinal hernia repair (n = 48,201) did not

identify any significant influence of antibiotic prophylaxis

on postoperative impaired wound healing, which occurred

in 53 cases (p = 0.6431). Nor was it possible to identify

any significant impact of antibiotic prophylaxis on the deep

infections seen in 27 cases (p = 0.8409). Analysis of the

open inguinal hernia repair group revealed that, unlike the

laparoscopic/endoscopic group, antibiotic prophylaxis had

a significant impact on the postoperative impaired wound

healing and deep infection rates. The risk of postoperative

impaired wound healing with antibiotic prophylaxis was

significantly lower [OR 0.677 (0.479; 0.958), p = 0.027].

Conclusion The positive impact of the endoscopic/la-

paroscopic technique on avoidance of impaired wound

healing and deep infections with mesh involvement is al-

ready so great that antibiotic prophylaxis has no additional

benefit. In contrast, antibiotic prophylaxis should be ad-

ministered for open inguinal hernia repair.
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The use of antibiotic prophylaxis in inguinal hernia surgi-

cal repair is a controversial issue. Prospective randomized

controlled trials (RCTs) have identified postoperative in-

fection rates (impaired wound healing, mesh infections) of

between 0 and 8.9 % in the absence of antibiotic prophy-

laxis and of between 0 and 8.8 % on administration of

antibiotic prophylaxis [1].

Of the 14 RCTs that compared inguinal hernia repair

while using antibiotic prophylaxis versus placebo, 13 sur-

gical procedures were performed using open repair and

only one with an endoscopic technique [1].

That single RCT involving endoscopic inguinal hernia

repair has incorrect randomization, lacks a definition of

wound infection and is heavily underpowered with only 40

patients in each arm. It does not allow any conclusion to be

made and is not included in the Cochrane review [1].

& F. Köckerling

ferdinand.koeckerling@vivantes.de

1 Department of Surgery and Center for Minimally Invasive

Surgery, Academic Teaching Hospital of Charité Medical
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In a large case series with 8050 TAPP operations carried

out for 6479 patients who had received antibiotic prophy-

laxis, the wound infection rate was 0 % and the mesh

infection rate 0.1 % [2].

In a large case series with 5203 TEP operations in-

volving 3868 patients who had received antibiotic pro-

phylaxis, the wound infection rate was 0.08 % and the

mesh infection rate 0.02 % [3].

The Swedish National Inguinal Hernia Registry recorded

wound infection and mesh infection rates between 1992 and

2006. The incidence was 1.4 % in 28,220 patients registered

as having received antibiotic prophylaxis. The infection rate

was also 1.4 % in the non-prophylactic group, consisting of

104,354 patients. There was no specific analysis of the

laparoscopic patients representing approximately 8 % of

patients [1].

We now analyze below data from the Herniamed Reg-

istry to explore the influence that the use of an endoscopic

technique for repair of inguinal hernia had on the rate of

impaired wound healing and on deep infections with mesh

involvement compared with open surgery. We will then

also endeavor to elucidate whether administration of an-

tibiotic prophylaxis further reduced the impaired wound

healing and mesh infection rates.

Patients and methods

The Herniamed quality assurance study is a multicenter,

internet-based hernia registry into which 383 participating

hospitals and surgeons in private practice in Germany,

Austria and Switzerland (status: March 5, 2014) had en-

tered data prospectively on their patients who had under-

gone hernia surgery [5].

The analysis now presented here compared the

prospectively collected data on all patients who had un-

dergone unilateral, bilateral or recurrent repair of inguinal

hernia using either endoscopic or open techniques between

September 1, 2009, and March 5, 2014. Inclusion criteria

were minimum age of 16 years, primary or recurrent in-

guinal hernia and elective or emergency unilateral or bi-

lateral inguinal hernia repair. In total, 85,033 patients were

enrolled. Of these patients, 48,201 (56.7 %) had an endo-

scopic and 36,832 (43.3 %) an open repair. The data on

these endoscopic inguinal hernia operations recorded in the

Herniamed Registry originated from 315 out of 383 par-

ticipating institutions.

The target variables analyzed were impaired wound

healing and deep infections with mesh involvement within

30 days after the operation. The potential influence vari-

ables include, apart from the surgical technique and an-

tibiotic prophylaxis, the patient’s age (years), sex (m/f),

ASA status (I–IV), primary operation versus recurrent

repair, hernia defect size (EHS Grade I–III) and general

risk factors (nicotine, COPD, diabetes, cortisone, im-

munosuppression, etc.).

All analyses were performed with the software SAS 9.2

(SAS Institute Inc., Cary, NY, USA) and intentionally

calculated to a full significance level of 5 %, i.e., they were

not corrected in respect of multiple tests, and each p value

B0.05 represents a significant result.

Since these data refer to unilateral as well as to bilateral

operations, some of the variables used for analysis are

given for both operated sides, but their values may differ.

To ensure the independence of the sample elements used

for analysis, the variables were aggregated as follows: In

the case of a hernia defect size, the larger of the two defects

was chosen and a postoperative infectious complication

was considered to be present if at least one of the two sides

experienced such a complication.

For unadjusted analyses of antibiotic influence on

categorical outcome parameters, Fisher’s exact test was

used. In case of more than two categories, exact analyses

were not possible. Here, the asymptotic Chi-square test was

used. Unadjusted analyses of continuous normal distributed

outcome variables were realized using the robust t test

(Satterthwaite).

Mainly, influences of antibiotic treatment and further

confounding effects of patient characteristics were simul-

taneously reviewed in multivariable analyses. Potentially

influencing factors were as follows: operating method

(endoscopic/conventional), age (years), sex (male/female),

ASA score (I–IV), defect size (EHS I–III), risk factors

(nicotine, COPD, diabetes mellitus, aorta aneurysm, im-

munosuppression, cortisone, impaired coagulation, ASS/

Plavix, Marcumar) and primary operation (yes/no). Risk

factors were dichotomized, i.e., ‘yes’ if at least one risk

factor is positive and ‘no’ otherwise.

Estimates for odds ratio (OR) and the corresponding

95 % confidence interval were given. For age [years], the

10-year OR estimate was given.

Since the properties of endoscopic and conventional

techniques are presumably different, further analyses are

made in these subgroups.

Results

Between September 1, 2009, andMarch 5, 2014, n = 85,033

inguinal hernia operations were recorded in the Herniamed

Registry in accordance with the inclusion criteria. Antibiotic

prophylaxis was administered in n = 60,831 cases

(71.54 %) and was not in 24,202 cases (28.46 %). Of the

60,831 cases that had received antibiotic prophylaxis,

n = 59,177 (97.27 %) received single-shot antibiotic pro-

phylaxis, n = 253 (0.42 %) for 1 day, n = 607 (0.99 %) for
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2–3 days, and n = 794 (1.31 %) received antibiotic treat-

ment for more than 3 days. No details of the antibiotic used

were recorded in the registry study. Based on the recom-

mendations of the German Paul-Ehrlich Society, in general

ampicillin with a beta-lactamase inhibitor or a group 1 or 2

cephalosporin was administered [6]. As regards the surgical

techniques employed for the analyzed patients, in the en-

doscopic group this was TAPP in n = 29,775 of cases

(35 %) andTEP in n = 18,426 of cases (21.7 %), which thus

accounted for 56.7 % of endoscopic procedures. In the open

inguinal hernia repair group, Lichtenstein operation was

performed in n = 23,820 of cases (28.0 %), Shouldice op-

eration in n = 3057 (3.6 %), plug and patch technique in

n = 3623 (4.3 %), Gilbert technique in n = 2554 (3.0 %)

and TIPP technique in n = 1675 (2.0 %). Other techniques

were used for n = 2103 (2.4 %).

Unadjusted analyses

Analysis of the unadjusted correlation between antibiotic

prophylaxis and the patient characteristics’ and operating

technique variables demonstrated that there were highly

significant differences across all variables between the

patients who had and had not received antibiotic prophy-

laxis (in each case p\ 0.001). For example, more laparo-

scopic/endoscopic operations were conducted while using

antibiotic prophylaxis. Besides, the proportion of patients

with risk factors and recurrences who had received an-

tibiotic prophylaxis was significantly higher. The same was

true for male gender and ASA classification. For low ASA

status, antibiotic prophylaxis was rarely administered, with

that applying also for smaller hernia defect sizes. Finally,

patients who received antibiotic prophylaxis were on av-

erage just below 3 years older (Table 1).

Unadjusted analysis of the outcome variables revealed

that in the patient group that had received antibiotic pro-

phylaxis, significantly fewer cases of impaired wound

healing occurred compared with the patient group that had

not received antibiotic prophylaxis (0.20 vs 0.30 %; p = 0

0.009). Likewise, on using antibiotic prophylaxis, there

were significantly fewer cases of deep infections with mesh

involvement (0.12 vs 0.20 %; p = 0.006) (Table 2).

Multivariable analysis of the total patient collective

The postoperative impaired wound healing rates were

significantly influenced by antibiotic prophylaxis, surgical

technique, sex, ASA classification and primary operations/

recurrent repairs. Here antibiotic prophylaxis had a pre-

ventive effect on impaired wound healing [OR 0.706

(0.525; 0.949), p = 0.021], as did conduct of laparoscopic/

endoscopic operation [OR 0.318 (0.230; 0.439), p\
0.001]. Likewise, there were significantly fewer cases of

postoperative impaired wound healing among men [OR

0.531 (0.369; 0.764), p\ 0.001] as well as for primary

hernias [OR 0.601 (0.412; 0.876), p = 0.008]. The nega-

tive influence of the ASA status was imputed especially to

the increased impaired wound healing rates observed for

ASA IV status [IV vs I: OR 4.226 (1.579; 11.311) p =

0.001] (Table 3).

Postoperative deep infection with mesh involvement

was affected by antibiotic prophylaxis, surgical technique

and ASA classification. An OR of 0.593 (0.408; 0.862),

p = 0.006, was calculated for antibiotic prophylaxis. The

risk of postoperative deep infection was significantly lower

for the laparoscopic/endoscopic surgical technique [OR

0.259 (0.167; 0.402), p\ 0.001]. Deep infections also

occurred significantly more often among ASA IV patients

[IV vs I: OR 5.425 (1.732; 16.992), p = 0.008] (Table 4).

In summary, it can be concluded that impaired wound

healing and deep infections occurred significantly less often

after endoscopic/laparoscopic inguinal hernia surgery

compared with open repair. In the total patient collective

comprising n = 48,201 endoscopic/laparoscopic and n =

36,832 open inguinal hernia operations, antibiotic prophy-

laxis significantly reduced impaired wound healing and deep

infection rates.

Multivariable analysis of laparoscopic/endoscopic

inguinal hernia operations

Analysis of the patient group with endoscopic/laparoscopic

inguinal hernia repair (n = 48,201) did not identify any

significant influence exerted by the different variables on

postoperative impaired wound healing, which occurred in

53 cases (p = 0.6431). Nor was it possible to identify any

significant impact of the variables on the deep infections

seen in 27 cases (p = 0.8409) (Table 5).

Multivariable analysis of open inguinal hernia

operations

Analysis of the open inguinal hernia repair group revealed

that, unlike the laparoscopic/endoscopic group, antibiotic

prophylaxis had a significant impact on the postoperative

impaired wound healing and deep infection rates. The risk

of postoperative impaired wound healing with antibiotic

prophylaxis was significantly lower [OR 0.677 (0.479;

0.958), p = 0.027] (Table 6). Given a total rate of 0.39 %,

this would correspond to 31 cases of impaired wound

healing for every 10,000 open repair operations performed

under antibiotic prophylaxis and to 46 such complications

for every 10,000 open repairs carried out without antibiotic

prophylaxis. Likewise, the postoperative deep infection

rate was found to be significantly reduced with antibi-

otic prophylaxis [OR 0.522 (0.341; 0.798), p = 0.003]
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(Table 7). Accordingly, for every 10,000 open repair op-

erations and a total rate of 0.25 %, 17 postoperative infec-

tions would occur under antibiotic prophylaxis compared

with 33 without antibiotic administration.

Discussion

The present Herniamed Registry study investigated the

influence exerted by antibiotic prophylaxis on the occur-

rence of infectious complications following laparoscopic/

endoscopic inguinal hernia operations and compared these

findings with those obtained for open inguinal hernia

surgery. Besides, other risk factors were identified for onset

of impaired wound healing and deep infections with mesh

involvement. This also applies for patients with risk fac-

tors. For the total patient collective comprising 85,033

patients with 48,201 endoscopic/laparoscopic and 36,832

open inguinal hernia operations, it was revealed that

postoperative infectious complications were significantly

reduced by use of the endoscopic/laparoscopic technique

and antibiotic prophylaxis. Indeed, analysis even revealed

that the influence exerted by the endoscopic/laparoscopic

technique on onset of postoperative infectious complica-

tions had a more preventive effect than that of antibiotic

prophylaxis. Hence, the minimally invasive procedure for

Table 1 Demographic and

surgery-related parameters
Antibiotic prophylaxis No antibiotic prophylaxis p value

Demographic parameters

Age

Years ± SD 58.3 ± 16.3 55.6 ± 16.8 \0.001

Sex

Male 53,703 (88.28 %) 21,141 (87.35 %)

Female 7128 (11.72 %) 3061 (12.65 %) \0.001

ASA score

I 19,188 (31.54 %) 9,276 (38.33 %)

II 31,028 (51.01 %) 12,111 (50.04 %)

III 10,300 (16.93 %) 2740 (11.32 %)

IV 315 (0.52 %) 75 (0.31 %) \0.001

Surgery-related parameters

Operation technique

Laparoscopic 35,567 (58.47 %) 12,634 (52.20 %)

Open 25,264 (41.53 %) 11,568 (47.80 %) \0.001

Risk factors

Yes 19,183 (31.53 %) 6373 (26.33 %)

No 41,648 (68.47 %) 17,829 (73.67 %) \0.001

Defect size

I (\1.5 cm) 9772 (16.06 %) 4509 (18.63 %)

II (1.5–3 cm) 35,381 (58.16 %) 13,383 (55.30 %)

III ([3 cm) 15,678 (25.77 %) 6310 (26.07 %) \0.001

Primary operation

Yes 54,018 (88.80 %) 21,833 (90.21 %)

No 6813 (11.20 %) 2369 (9.79 %) \0.001

Table 2 Postoperative

complication rates of impaired

wound healing and deep

infection

Unadjusted analysis Antibiotic prophylaxis No antibiotic prophylaxis p value

Postoperative complications

Impaired wound healing

Yes 123 (0.20 %) 73 (0.30 %)

No 60,708 (99.80 %) 24,129 (99.70 %) 0.009

Deep infection

Yes 71 (0.12 %) 48 (0.20 %)

No 60,760 (99.88 %) 24,154 (99.80 %) 0.006
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inguinal hernia repair made a greater contribution to the

prevention of impaired wound healing and deep infections

with mesh involvement than did antibiotic prophylaxis.

If one analyzes the group of 48,201 endoscopic/laparo-

scopic surgery patients as a separate entity, one notes that

the use of antibiotic prophylaxis was unable to reduce

further the rates of impaired wound healing and deep

infections with mesh involvement. Hence, antibiotic pro-

phylaxis should not be administered for endoscopic/la-

paroscopic inguinal hernia surgery. Conversely, analysis of

the 36,832 open inguinal hernia repair group showed that

antibiotic prophylaxis had a significant impact on onset of

postoperative impaired wound healing and deep infections

with mesh involvement. Accordingly, antibiotic prophy-

laxis should be administered for open inguinal hernia

repair.

Of the 14 prospective randomized controlled trials that

compared inguinal hernia surgery under antibiotic pro-

phylaxis versus placebo, the endoscopic technique was

performed only in one case trial [4]. However, due to

methodological drawbacks that study was not taken into

account in the Cochrane review [7].

Table 3 Multivariable analysis of impaired wound healing in all patients with open and endoscopic inguinal hernia repair

Parameter p Categories OR estimate 95 % CI

Lower CL Upper CL

Operation technique \0.001 Laparoscopic versus open 0.318 0.230 0.439

ASA score \0.001 II versus I 0.750 0.524 1.073

III versus I 1.301 0.795 2.129

IV versus I 4.226 1.579 11.311

Sex \0.001 Male versus female 0.531 0.369 0.764

Primary operation 0.008 Yes versus no 0.601 0.412 0.876

Antibiotic prophylaxis 0.021 Yes versus no 0.706 0.525 0.949

Defect size 0.107 I (\1.5 cm) versus III ([ 3 cm) 0.618 0.387 0.984

II (1.5–3 cm) versus III ([3 cm) 0.789 0.574 1.085

Age (10-year OR) 0.331 0.951 0.859 1.052

Risk factors 0.707 Yes versus no 0.939 0.675 1.305

Table 4 Multivariable analysis of deep infection in all patients with open and endoscopic inguinal hernia repair

Parameter p Categories OR estimate 95 % CI

Lower CL Upper CL

Operation technique \0.001 Laparoscopic versus open 0.259 0.167 0.402

Antibiotic prophylaxis 0.006 Yes versus no 0.593 0.408 0.862

ASA score 0.008 II versus I 0.946 0.584 1.532

III versus I 1.541 0.814 2.916

IV versus I 5.425 1.732 16.992

Defect size 0.229 I (\1.5 cm) versus III ([3 cm) 1.189 0.697 2.029

II (1.5–3 cm) versus III ([3 cm) 0.795 0.524 1.206

Risk factors 0.278 Yes versus no 1.250 0.835 1.873

Sex 0.582 Male versus female 0.865 0.515 1.451

Primary operation 0.756 Yes versus no 0.917 0.532 1.582

Age (10-year OR) 0.871 1.011 0.886 1.154

Table 5 Multivariable analysis of impaired wound healing and deep

infection in all patients with endoscopic inguinal hernia repair

Impaired wound healing Deep infection

Model fitting

(Global test) p 0.6431 0.8409
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Nor has the impact of antibiotic prophylaxis on occur-

rence of infectious complications following endoscopic/

laparoscopic inguinal hernia operations been investigated

by other studies recorded in the review [1]. As such, the

Guidelines of the European Hernia Society and the Inter-

national Endohernia Society do not contain any clear-cut

recommendations as to whether antibiotic prophylaxis

should or should not be administered for endoscopic/la-

paroscopic inguinal hernia repair [1, 8]. This present study

by the Herniamed Registry has now clearly demonstrated

for a large patient collective that antibiotic prophylaxis

does not bestow additional benefits in the case of endo-

scopic/laparoscopic inguinal hernia surgery. The positive

impact of the endoscopic/laparoscopic technique on

avoidance of impaired wound healing and deep infections

with mesh involvement is already so great that antibiotic

prophylaxis has no additional benefit.

However, the converse situation applies for open in-

guinal hernia repair. Multivariable analysis identified that

antibiotic prophylaxis had a significant effect on onset of

impaired wound healing and deep infections with mesh

involvement. That concords with the findings of several

meta-analyses [9–12]. Conversely, the Cochrane review [7]

and a systematic review and meta-analysis [13] concluded

that antibiotic prophylaxis did not prevent the occurrence

of wound infection after groin hernia surgery. In an update

of Guidelines of the European Hernia Society [8], antibi-

otic prophylaxis is thus only recommended for high post-

operative infection rates ([5 %). While the total rate of

postoperative impaired wound healing and deep infections

for open inguinal hernia surgery given in the Herniamed

Registry is markedly lower than that, it has been possible

to demonstrate the positive effect of antibiotic prophylaxis

on the basis of a large patient collective. Accordingly,

Table 6 Multivariable analysis of impaired wound healing in all patients with open inguinal hernia repair

Parameter p Categories OR estimate 95 % CI

Lower CL Upper CL

ASA score \0.001 II versus I 0.795 0.515 1.227

III versus I 1.485 0.837 2.634

IV versus I 5.106 1.836 14.200

Primary operation 0.001 Yes versus no 0.512 0.339 0.774

Sex 0.003 Male versus female 0.532 0.350 0.807

Antibiotic prophylaxis 0.027 Yes versus no 0.677 0.479 0.958

Defect size 0.267 I (\1.5 cm) versus III ([3 cm) 0.646 0.377 1.109

II (1.5–3 cm) versus III ([3 cm) 0.829 0.576 1.195

Age (10-year OR) 0.446 0.955 0.848 1.075

Risk factors 0.532 Yes versus no 0.886 0.605 1.296

Table 7 Multivariable analysis of deep infection in all patients with open inguinal hernia repair

Parameter p Categories OR estimate 95 % CI

Lower CL Upper CL

Antibiotic prophylaxis 0.003 Yes versus no 0.522 0.341 0.798

ASA score 0.010 II versus I 0.900 0.507 1.597

III versus I 1.539 0.744 3.181

IV versus I 5.241 1.593 17.246

Defect size 0.024 I (\1.5 cm) versus III ([3 cm) 1.218 0.688 2.157

II (1.5–3 cm) versus III ([3 cm) 0.601 0.375 0.962

Risk factors 0.107 Yes versus no 1.454 0.922 2.292

Age (10-year OR) 0.580 1.044 0.897 1.216

Primary operation 0.589 Yes versus no 0.850 0.470 1.535

Sex 0.728 Male versus female 0.901 0.500 1.623
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impaired wound healing would occur only in 31 rather than

in 46 of every 10,000 cases. It would be possible to reduce

almost by half the proportion of deep infections from 33 to

17 for every 10,000 operations. Therefore, antibiotic pro-

phylaxis should be administered for open inguinal hernia

surgical repair.
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ger, Thomas Carsten (Fürth); Borchert, Erika (Greven-

broich); Born, Henry (Leipzig); Brabender, Jan (Köln);
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(Schönebeck); Tillenburg, Wolfgang (Marktheidenfeld);

Timmermann, Wolfgang (Hagen); Train, Stefan H.

(Gronau); Trauzettel, Uwe (Plettenberg); Triechelt, Uwe

(Langenhagen); Ulcar, Heimo (Schwarzach im Pongau);

Unger, Solveig (Chemnitz); Verweel, Rainer (Hürth);

Vogel, Ulrike (Berlin); Voigt, Rigo (Altenburg); Voit,

Gerhard (Fürth); Volkers, Hans-Uwe (Norden); Vossough,

Alexander (Neuss); Wallasch, Andreas (Menden); Wall-
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(Köln); Wiesmann, Aloys (Rheine); Wiesner, Ingo

(Halle); Woehe, Fritz (Sanderhausen); Wolf, Claudio

(Neuwied); Yildirim, Selcuk (Berlin); Zarras, Konstanti-

nos (Düsseldorf); Zeller, Johannes (Waldshut-Tiengen);

Zhorzel, Sven (Agatharied); Zuz, Gerhard (Leipzig);

References

1. Bittner R, Arregui ME, Bisgaard T, Dudai M, Ferzli GS,

Fitzgibbons RJ, Fortelny RH, Klinge U, Koeckerling F, Kuhry E,

Kukleta J, Lomanto D, Misra MC, Montgomery A, Morales-

Condes S, Reinpold W, Rosenberg J, Sauerland S, Schug-Pass C,

Singh K, Timoney M, Weyhe D, Chowbey P (2011) Guidelines

for laparoscopic (TAPP) and endoscopic (TEP) treatment of in-

guinal hernia [International Endohernia Society (IEHS)]. Surg

Endosc 25(9):2773–2843. doi:10.1007/s00464-011-1799-6

2. Bittner R, Schmedt CG, Schwarz J, Kraft K, Leible BJ (2002)

Laparoscopic transperitoneal procedure for routine repair of groin

hernia. Br J Surg 89(8):1062–1066

3748 Surg Endosc (2015) 29:3741–3749

123

http://dx.doi.org/10.1007/s00464-011-1799-6


3. Tamme C, Scheidbach H, Hampe C, Schneider C, Köckerling F
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