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Introduction

Worldwide, inguinal hernia repair is one of the most common 
surgeries, being performed in more than 20 million people annu-
ally [1, 2]. The lifetime occurrence of groin hernia – viscera or adi-
pose tissue protrusions through the inguinal or femoral canal – is 
27–43% in men and 3–6% in women [1, 2]. Inguinal hernias are 
almost always symptomatic, and the only cure is surgery [1]. A mi-
nority of patients is asymptomatic; however, even a watch-and-
wait approach in this group results in surgery in approximately 
70% within 5 years [1, 3]. Surgical treatment is successful in the 
majority of cases [1]. The expected rate of recurrence following in-
guinal hernia repair is still 11% today [4]. Only 57% of all inguinal 
hernia recurrences occurred within 10 years after the previous her-
nia operation. Some of the remaining 43% of all recurrences hap-
pened only much later, even after more than 50 years [4]. A further 
problem after inguinal hernia repair is chronic pain lasting more 
than 3 months, occurring in 10–12% of all patients [1]. Approxi-
mately 1–3% of patients have severe chronic pain with long-term 
disability, thus requiring treatment [1].

With the aim to improve the outcome of inguinal hernia repair 
by means of standardizing care, the European Hernia Society 
(EHS), the International Endohernia Society (IEHS), and the Euro-
pean Association for Endoscopic Surgery (EAES) published guide-
lines [5–9]. These three societies began collaborating in 2014 and 
developed a universal set of guidelines for groin hernia manage-
ment [1], called International Guidelines for Groin Hernia Man-
agement by the HerniaSurge Group, with representatives from all 
continental hernia societies (EHS, IEHS, EAES, Americas Hernia 
Society (AHS), Asia Pacific Hernia Society (APHS), Afro Middle 
East Hernia Society (AMEHS), and Australasian Hernia Society). 
This article summarizes parts of the International Guidelines and 
where indicated offers results from other prior guidelines. It also 
includes recent literature published after the deadline date of July 1, 
2015 used for the International Guidelines.
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Summary
With more than 20 million patients annually, inguinal 
hernia repair is one of the most often performed surgical 
procedures worldwide. The lifetime risk to develop an in-
guinal hernia is 27–43% for men and 3–6% for women. In 
spite of all advances, 11% of all patients suffer from a 
recurrence and 10–12% from chronic pain following pri-
mary inguinal hernia repair. By developing evidence-
based guidelines and recommendations, the interna-
tional hernia societies aim to improve the outcome of 
inguinal hernia repair due to standardization of care. 
From a total of more than 100 different repair techniques 
for inguinal and femoral hernias, classified as tissue re-
pair, open mesh repair, and laparo-endoscopic mesh re-
pair, the new International Guidelines of the Hernia -
Surge Group only recommend the totally extraperitoneal 
patch plasty (TEP), transabdominal preperitoneal patch 
plasty (TAPP), and Lichtenstein techniques. Since a gen-
erally accepted technique suitable for all inguinal hernias 
does not exist, surgeons should provide both an anterior 
open (Lichtenstein) and a posterior laparo-endoscopic 
(TEP or TAPP) approach option. The guidelines strongly 
recommend that surgeons tailor the treatment of ingui-
nal hernias based on expertise, local/national resources, 
and patient- and hernia-related factors. A tailored ap-
proach in inguinal hernia repair should pay heed to the 
patient- and hernia-related factors, unilateral hernia in 
men and women, bilateral hernia, recurrent hernia, scro-
tal hernia, previous pelvic and lower abdominal surgery, 
severe cardiac or pulmonary comorbidities, and incar-
cerated hernia.
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Evidence-Based Selection of Techniques

Since the epoch-making contribution of Bassini in 1888, more 
than 100 different techniques for repair of inguinal and femoral 
hernias have been described [10], mainly characterized as tissue, 
open mesh, and laparo-endoscopic mesh repair techniques.

In their International Guidelines the HerniaSurge Group 
strongly recommends a mesh-based repair technique for patients 
with inguinal and/or femoral hernia [1].

In a Cochrane review comparing the open non-mesh Shouldice 
technique with other open techniques, a total of 2,566 hernias from 16 
trials were analyzed in the open non-mesh Shouldice group and com-
pared with 1,121 open mesh and 1,608 open non-mesh techniques 
[11]. The recurrence rate with Shouldice techniques was higher than 
with open mesh techniques (odds ratio (OR) 3.80; 95% confidence in-
terval (CI) 1.99–7.26) but lower than with other non-mesh techniques 
(OR 0.62; 95% CI 0.45–0.85) [11]. There were no significant differ-
ences in chronic pain, complications, and postoperative stay [11].

On the basis of this meta-analysis, the HerniaSurge Group rec-
ommends the Shouldice technique in non-mesh inguinal hernia 
repair [1]. Non-mesh repair for inguinal hernia can be suggested in 
cases where the patient refuses a mesh, after shared decision mak-
ing with the patient, or in low-resource settings with non-availabil-
ity of meshes [1].

In two meta-analyses comparing the open mesh ‘plug-and-patch’ 
and Prolene Hernia System (PHS) techniques with the open Lichten-
stein technique, no difference was found in terms of time to return to 
work, complications, chronic pain, and hernia recurrence [12, 13]. 
Although the HerniaSurge Group also states that the recurrence rate 
and postoperative chronic pain rate are comparable between plug-
and-patch/PHS and the Lichtenstein technique, they do strongly not 
recommend plug-and-patch/PHS because of the excessive use of for-
eign material, the need to enter both the anterior and posterior 
planes, and the additional cost [1]. To replace the standard flat mesh 
in the Lichtenstein technique is strongly not recommended [1]. Fur-
thermore, in open inguinal hernia repair, there is insufficient evi-
dence to favor preperitoneal mesh repair over Lichtenstein repair [1].

For comparison of the best open technique with the laparo-en-
doscopic techniques transabdominal preperitoneal patch plasty 
(TAPP) and totally extraperitoneal patch plasty (TEP), five meta-
analyses are available [14–18]. Only in one meta-analysis, TEP and 
TAPP were jointly compared with the best open mesh technique 
Lichtenstein [17]. No difference in the recurrence rates was found; 
however, a lower incidence of wound infection, an earlier return to 
normal activities or work, and a lesser incidence of chronic pain 
syndrome could be detected [17]. Two meta-analyses comparing 
only TEP and one comparing only TAPP with the Lichtenstein 
technique could not deliver sufficient evidence to determine the 
greater effectiveness of one over the other technique [19–21].

In a prospectively documented registry-based study comparing 
10,555 Lichtenstein repairs with 6,833 TEP repairs in primary uni-
lateral inguinal hernias in men [22], no difference in recurrence 
rate, complication-related reoperation rate, and chronic pain rate 
requiring treatment was detected in a multivariable analysis. How-

ever, TEP was found to have benefits in regard to postoperative 
complication rate (p < 0.001), pain at rest rate (p = 0.011), and pain 
on exertion rate (p < 0.001) [22].

When comparing TEP and TAPP with the Lichtenstein tech-
nique, a registry-based, propensity score-matched comparison of 
57,906 patients with primary unilateral inguinal hernia repair re-
vealed significantly less postoperative complications, complica-
tion-related reoperations, pain at rest, and pain on exertion in 
favor of TEP and TAPP [23]. TEP showed disadvantages in terms 
of intraoperative complications [23].

On the basis of the existing evidence, the HerniaSurge Group 
recommends a laparo-endoscopic technique for male patients with 
primary unilateral inguinal hernia because of lower postoperative 
pain incidence and comparable complication-related reoperations, 
provided that a surgeon with specific and sufficient expertise is 
available. However, there are patient and hernia characteristics that 
warrant the Lichtenstein technique as first choice [1].

Meta-analyses and registry studies comparing the laparo-endo-
scopic techniques TEP and TAPP demonstrate comparable outcomes 
[23–27]. Therefore, the HerniaSurge Group recommends in their In-
ternational Guidelines that the choice of the techniques TEP or TAPP 
should be based on the surgeon’s skills, education, and experience [1].

In conclusion, the new International Guidelines of the Hernia-
Surge Group recommend only the open mesh technique Lichten-
stein and the laparo-endoscopic mesh techniques TEP and TAPP 
as repair techniques in inguinal hernia surgery. The non-mesh 
open technique Shouldice is only indicated when a patient refuses a 
mesh and/or after a shared decision making with a patient or when 
a mesh is not available [1]. The International Guidelines recom-
mend that more studies be performed researching the value of tis-
sue repair in certain patient categories like small lateral hernias in 
young patients [1]. Also more evidence is needed to support man-
agement in women and certain specific types like occult and poten-
tial bilateral inguinal hernia [1].

Evidence-Based Tailored Approach

In the International Guidelines of the HerniaSurge Group it is 
strongly recommended that surgeons tailor the treatment of ingui-
nal hernias based on expertise, local/national resources, and patient- 
and hernia-related factors [1]. Since a generally accepted technique 
suitable for all inguinal hernias does not exist, surgeons should pro-
vide both an anterior and a posterior approach option [1].

A tailored approach in inguinal hernia repair should distinguish 
between the following clinical situations: primary unilateral ingui-
nal hernia in men and in women, primary bilateral inguinal hernia 
in men and in women, primary scrotal inguinal hernia, primary 
inguinal hernia after previous pelvic and lower abdominal surgery 
(radical prostatectomy, cystectomy, vascular surgery, low anterior 
resection of the rectum, previous gynecological operations, and as-
cites), severe cardiac or pulmonary risk factors requiring local or 
spinal anesthesia, recurrent inguinal hernia, and emergency sur-
gery for incarcerated or strangulated inguinal hernia [28].
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Primary Unilateral Inguinal Hernia in Men
On the basis of the existing evidence [5–27] for male patients 

with primary unilateral inguinal hernia repair (fig.  1), TEP or 
TAPP technique is recommended because of a lower risk of 
chronic pain and less postoperative complications, provided a sur-
geon with specific and sufficient expertise is available [1]. The 
guidelines recommended the best open mesh technique Lichten-
stein as an alternative [1, 5–9].

Primary Unilateral Inguinal Hernia in Women
No systematic review or randomized controlled trials specifically 

address groin hernia repair in women (fig. 1) [1]. In a systematic re-
view and meta-analysis of observational studies concerning patient-
related risk factors for recurrence, female sex was found to be a sig-
nificant risk factor for recurrence after inguinal hernia surgery [29]. A 
study from the Danish Hernia Database demonstrated a 15-fold 
greater incidence of femoral hernias after inguinal hernia repair com-
pared with spontaneous incidence [30]. These femoral recurrences 
occurred earlier than inguinal recurrences, suggesting that they were 
possibly femoral hernias overlooked at the primary operation [30]. All 
femoral recurrences occurred after a previous open anterior operation 
[31]. Laparoscopic repair of a femoral hernia reduces the risk of reop-
eration for a recurrence compared with open repair [32]. In women 
with a groin hernia, a femoral hernia should always be excluded by 
laparoscopy or by open exploration of the preperitoneal space [33].

Therefore, all guidelines [1, 5–9] strongly recommend a laparo-
endoscopic repair (TEP, TAPP) in women with groin hernias, pro-
vided that expertise is available. The only alternative is the careful 
exclusion of a femoral hernia by opening the transversalis fascia 
during an open anterior procedure and conversion to a preperito-
neal mesh technique if a femoral hernia is found (fig. 1).

Primary Bilateral Inguinal Hernia in Men and Women
Two prospective randomized trials compared laparoscopic ver-

sus open mesh repair in bilateral inguinal hernia (fig. 1) [34, 35]. 
Laparoscopic bilateral inguinal hernia repair was significantly 
quicker as well as less painful and allowed an earlier return to 
work. Other comparative studies found additional advantages in 
terms of postoperative complications and hospital stay in favor of 
the laparoscopic approach [36–38]. Although high-level evidence 
is missing, it seems self-evident since the advantages of laparo-en-
doscopic repair (faster recovery, lower risk of chronic pain, and 
cost-effectiveness) increase when performing two hernia repairs 
via the same three keyhole incisions [1]. In all guidelines a strong 
recommendation is given that primary bilateral inguinal hernias 
should be repaired laparo-endoscopically, provided surgeons with 
specific expertise and sufficient resources are available [1, 5–9].

In a registry-based comparison of 6,700 unilateral and 2,695 bi-
lateral inguinal hernia repairs in the TEP technique, a significantly 
higher intraoperative bladder injury as well as complication-related 
reoperation rate constitute a difference in the perioperative out-
come between unilateral and bilateral TEP [39]. Comparing 10,887 
TAPP procedures for unilateral and 4,289 for bilateral inguinal 
hernia repair, multivariable analysis confirmed a highly significant 
difference to the disadvantage of bilateral TAPP due to an in-
creased complication-related reoperation rate [40]. Based on these 
results, prophylactic operation of the healthy other groin should 
not be performed [39].

Primary Scrotal Hernia
In the guidelines of the EAES, scrotal hernias are classified as 

being a complex condition [9]. For scrotal hernia, only highly ex-
perienced laparo-enoscopic hernia surgeons should opt for a mini-
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mally invasive technique [7–9, 28]. The challenge in scrotal hernia 
repair is to ensure complete dissection of the large hernia sac from 
the inguinal canal and scrotum [7, 8, 28]. Failure to remove a large 
part of the hernia sac will generally result in persistent seroma for-
mation [7, 8, 28]. Endoscopic control of bleeding during scrotal 
hernia repair often is also very difficult when dissecting the hernia 
sac from the spermatic cord structures [7, 8, 28]. Therefore, there is 
a higher incidence of postoperative secondary hemorrhage and he-
matoma [7, 8, 28]. Accordingly, the EHS guidelines recommend 
the open mesh technique as the procedure of choice for scrotal her-
nia [5, 6, 28]. HerniaSurge Group recommends individualization 
(open or TAPP) in large scrotal and/or irreducible hernia [1].

Primary Inguinal Hernia after Previous Pelvic Operations (Radi-
cal Prostatectomy, Cystectomy, Gynecologic Operation, Vascular 
Operations, Low Anterior Resections, and Ascites)
In these very complex situations (fig.  1), the guidelines of the 

IEHS and the EAES also recommend that only very experienced 
laparo-endoscopic hernia surgeons should opt for a minimally in-
vasive procedure [7–9, 28]. Following major lower abdominal and 
pelvic surgery, HerniaSurge and the EHS therefore recommend the 
open-mesh technique Lichtenstein [1, 5, 6, 28]. The open mesh ap-
proach also presents the least risk in the presence of liver cirrhosis 
with ascites or for patients on peritoneal dialysis [28].

Primary Inguinal Hernia Repair in Patients with Severe Cardiac 
or Pulmonary Risk Factors
Based on the recommendations of HerniaSurge and the EHS, 

the open mesh technique Lichtenstein under local anesthesia is the 
preferred technique when general anesthesia is not possible for pa-
tients with an American Society of Anesthesiologists (ASA) score 
III or IV because of cardiac or pulmonary risk factors (fig. 1) [1, 5, 
6, 28].

HerniaSurge states that when compared with general anesthesia, 
local anesthesia is associated with faster mobilization, earlier hospi-
tal discharge, lower hospital and total healthcare costs, and fewer 
complications such as urinary retention and early postoperative 
pain [1]. However, when surgeons inexperienced in its use are to 
administer local anesthesia, more hernia recurrences might result 
[1, 41]. When compared with regional anesthesia, local anesthesia is 
associated with earlier hospital discharge, lower hospital and total 
healthcare costs, and a lower incidence of urinary retention [1].

In a more recent prospective randomized trial comparing TEP 
under general anesthesia with Lichtenstein using local anesthesia in 
384 patients, patients operated with TEP experienced less long-term 
postoperative pain and less limitation in their ability to exercise [42].

In another prospective randomized trial with 72 patients, Lich-
tenstein repair under local anesthesia was as good as TEP under 
general anesthesia [43].

In a study randomly dividing 60 male patients with unilateral 
inguinal hernia into a group of Lichtenstein repair under local an-
esthesia and a group with spinal anesthesia, the time spent in local 
anesthesia was higher [44]. Intraoperative pain was higher in local 
anesthesia than with spinal anesthesia. There was no difference in 

postoperative pain. Postoperative complications occurred more 
often in the spinal anesthesia group [44].

A comparable study randomly divided 50 patients with Lichten-
stein repair to local or spinal anesthesia [45]. The authors con-
cluded that tension-free mesh repair of inguinal hernias under 
local anesthesia is simple, safe, and cost-effective, with very low 
rates of complications and a speedy discharge [45].

In patients with a symptomatic inguinal hernia and higher risk 
of general anesthesia due to cardiac or pulmonary comorbidities, 
Lichtenstein repair in local or spinal anesthesia is recommended. 
Local anesthesia seems to come along with less complications than 
spinal anesthesia. Additionally, many patients with cardiac compli-
cations regularly take thrombocyte aggregation inhibitors, thus in-
creasing the risk of bleeding and complications from spinal anes-
thesia. Therefore, the decision between local and spinal anesthesia 
should be made based on patient-related factors.

Recurrent Inguinal Hernia
The rate of recurrent inguinal hernias (fig. 1) is still 11% today 

[4]. In the largest [46] of five meta-analyses [46–50] comparing 
laparo-endoscopic versus open repair of recurrent hernias follow-
ing previous open non-mesh and mesh procedures, the minimally 
invasive technique was associated with less wound complications 
and a faster recovery to normal activity, whereas the re-recurrence 
rate was comparable between these two methods. In a registry-
based study comparing TEP and TAPP for recurrent inguinal her-
nia repair, the results concerning intraoperative complications, 
complication-related reoperations, re-recurrences, pain at rest, 
pain on exertion, or chronic pain requiring treatment were equiva-
lent [51]. Accordingly, all guidelines [1, 5–9] recommend recurrent 
inguinal hernia repair following previous open surgery in the TEP 
or TAPP technique, since the operation is performed in an ana-
tomic layer between the peritoneum and the abdominal wall in 
which no previous dissection has been performed [1, 5–9, 28].

A laparo-endoscopic approach for recurrence following a previ-
ous TEP or TAPP calls for widespread experience of minimally inva-
sive inguinal hernia surgery and is also classified as constituting a 
complex situation [1, 5–9, 28]. It is recommended that a Lichten-
stein procedure should be performed in such a situation [1, 5–9, 28].

In a registry study, 90.5% of patients out of 2,482 laparo-endo-
scopic recurrent repair operations and only 38.5% of patients out 
of the 2,330 open recurrent repair procedures were operated on in 
accordance with the guidelines [52]. The authors concluded that 
for recurrent inguinal hernia repair, the guidelines are not yet 
being observed to the extent required [52]. Paying heed to the 
guidelines, comparison of perioperative and 1-year outcome for 
laparo-endoscopic and open repair for primary versus recurrent 
male unilateral inguinal hernia showed significant differences to 
the disadvantage of the recurrent operation [53, 54].

Emergency Surgery for Incarcerated Inguinal Hernias
In a systematic review of 7 studies with 328 patients treated ex-

clusively by means of a laparoscopic approach, the results were ac-
ceptable [55]. The average operating time was 61.3 ± 12.3 min, the 
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number of conversions 6, and the average hospital stay 3.8 ± 1.2 
days. Furthermore, 25 minor and 9 major complications occurred, 
and 17 bowel resections were performed either laparoscopically or 
through a mini-laparotomy [55].

In the guidelines of the World Society of Emergency Surgery 
(WSES) it is therefore recommended that repair of incarcerated her-
nias (fig. 1) may be performed with a laparoscopic approach [56].

The choice of technique for repair is based on the contamination 
of the surgical field, the size of the hernia, and the experience of the 
surgeon [56]. Prosthetic repair with synthetic mesh is recommended 
for patients with intestinal incarceration and no signs of intestinal 
strangulation or concurrent bowel resection (clean surgical field) [56].

If diagnostic laparoscopy revealed a strangulation, the bowel or 
greater omentum can be withdrawn from the hernia sac, making 
an incision into the cranial hernia ring, if necessary [28]. Next, a 
decision must be taken as to whether parts of the omentum and/or 
intestines should be resected [28]. In approximately 90% of cases, 
the data show that this is not necessary as the organs recover after 
repositioning into the abdominal cavity [28]. Then, inguinal hernia 
repair can be carried out when no transmural surgical field con-
tamination is present. Depending on the expertise of the surgeon, 
this can be done as a laparo-endoscopic procedure (TEP or TAPP) 
or in the Lichtenstein technique [28]. The guidelines of the Hernia-
Surge Group recommend similarly on clean elective hernia surgery 
mesh repair in emergent clean inguinal hernia repair [1].

If the surgical field is potentially contaminated, there are differ-
ent options for treatment. The hernia sac can first be closed with a 
suture and the hernia repair in open or laparo-endoscopic tech-
nique can be postponed to a later time [28]. Alternatively, the ingui-
nal hernia can be repaired simultaneously in a different anatomic 
layer as open mesh repair in the Lichtenstein technique. If intestinal 
resection is required, simultaneous repair of the inguinal hernia 
should be avoided, opting instead for repair at a later stage [28].

In the guidelines of the WSES for emergency hernia repair in 
potentially contaminated surgical fields due to strangulation and/
or concurrent bowel resection, a suture repair is recommended 
when the hernia defect in question is small. Synthetic mesh repair 
may be performed, but with caution. Biological meshes may be a 
valid option but merit a detailed cost-benefit analysis [56].

Conclusions

• Patients with primary inguinal hernia repair still develop recur-
rence in 11% and chronic pain in 10–12% today.

• To improve the outcome of inguinal hernia repair, the interna-
tional hernia societies have published evidence-based guide-
lines for the standardization of care.

• From a total of more than 100 different techniques for the re-
pair of inguinal and femoral hernias, the new International 
Guidelines of the HerniaSurge Group, with representatives 
from all continental hernia societies, only recommend the open 
mesh technique Lichtenstein and the laparo-endoscoic mesh 
techniques TEP and TAPP.

• Since a generally accepted technique suitable for all inguinal 
hernias does not exist, surgeons should provide both an ante-
rior (Lichtenstein) and a posterior (TEP or TAPP) approach 
option for tailoring of the treatment.

• In primary unilateral inguinal hernia in men and women as 
well as in bilateral cases, the laparo-endoscopic approach (TEP, 
TAPP) is the first choice, provided the surgeon has sufficient 
expertise.

• A recurrent inguinal hernia after previous open repair should 
be repaired in a laparo-endoscopic approach and after previous 
laparo-endoscopic repair in the Lichtenstein technique.

• In large scrotal hernias, the Lichtenstein technique offers ad-
vantages.

• After previous pelvic or lower abdominal operation, the open 
mesh technique Lichtenstein is favored in terms of risk reduc-
tion.

• In patients with severe cardiac and/or pulmonary comorbidi-
ties with high risk for general anesthesia, a Lichtenstein ap-
proach under local or spinal anesthesia has advantages.

• In emergency inguinal hernia repair without contamination of 
the operative field, a laparo-endoscopic or Lichtenstein repair 
can be performed after laparoscopic repositioning of the incar-
cerated organs.

• When in emergency inguinal repair bowel resection is neces-
sary or a contamination present, different approaches depend-
ing on the individual situation are possible: closing only the 
hernia sac and repair of the hernia later, tissue repair in Shoul-
dice technique, and Lichtenstein technique with biologic or 
biosynthetic mesh.
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