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Abstract
Inguinal hernia repair with mesh is one of the most common operations performed by general surgeons. Mesh infection is a rare
complication that has detrimental effects on the patient and the healthcare system. The purpose of this systematic review was to
determine an evidence-based management approach for patients with infected mesh following an open Lichtenstein inguinal
hernia repair. The literature search was achieved using the Preferred Reporting Items for Systematic Reviews and Meta-analysis
guidelines (PRISMA). The quality of the papers was assessed using Grading of Recommendations Assessment Development and
Evaluation (GRADE) criteria. Studies were analysed by two independent reviewers. A total of 1532 abstracts and articles were
reviewed. Fourteen met the inclusion criteria. In most, the mesh used was either monofilament or multifilament polypropylene.
Most (86.8%) underwent mesh removal despite attempts at conservative management. Universally, in the presence of sinus
formation (infected mesh to skin), mesh removal was required for definite resolution of infection. After a period of conservative
management, removal of infected mesh following Lichtenstein inguinal hernia repair may be recommended. However, the
quality of evidence is poor. Techniques such as partial removal or use of negative pressure dressings may need to be further
explored.
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Introduction

Inguinal hernias account for 75% of abdominal wall hernias
[1]. The lifetime risk of developing an inguinal hernia is 27%
for males and 3% for females [1]. Once inguinal hernias are
symptomatic, elective surgical repair with mesh is recom-
mended to relieve symptoms and to avoid obstruction or

strangulation, which would require an emergency operation
[2]. Inguinal hernia repair may be performed with an open
(anterior) or laparoscopic approach. In the open mesh tech-
nique, the Lichtenstein tension-free repair with onlay mesh is
the procedure of choice. It has been endorsed by the European
Hernia Society as being the preferred method because it is
associated with minimal perioperative morbidity, can be per-
formed as a day-case procedure, is easy to learn and has an
overall recurrence rate of less than 4% [3].

The use of mesh reduces the rate of hernia recurrence.
Important characteristics of mesh are pore size, tensile strength,
fibres (multifilament versus monofilament), chemical compo-
sition, weight, reactivity and constitution. Polypropylene (e.g.
PROLENE) meshes are commonly used [4].

Inguinal hernia repair is classified as a clean surgical
wound (class 1) and therefore should have a 2% or lower rate
of infection. Surgical site infection (SSI) may be superficial
surgical site infection (SSSI) or deep surgical site infection
(DSSI) [5]. DSSI (i.e. mesh infections) are rare but generate
significant morbidity. The rate of SSI with elective inguinal
herniorrhaphy is reported at 2 to 4% in most studies with less
than one quarter being mesh infections. Diagnosis of mesh
infection is based on symptoms (pain, feeling unwell), signs
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(swelling, erythema, purulent discharge, sinus, fevers) and
investigations (needle aspiration or swab with wound micro-
biology culture and sensitivity, blood test, ultrasound, CT
scan, MRI, indium labelled white blood cell scan). However,
in latent disease, the diagnosis may be difficult, especially as it
can be a silent persisting infection with no clinical signs [4].

Many different approaches for the management of deep-
seated mesh infection are documented: use of antibiotics
alone, incision and drainage, use of negative pressure therapy
and removal of mesh [4, 6]. There is no consensus or system-
atic review in the literature to guide the management of infect-
ed inguinal hernia mesh following open repair. A systematic
review of the incidence and management of infected mesh
after an open inguinal hernia repair (Lichtenstein approach)
using Preferred Reporting Items for Systematic Reviews and
Meta-analysis principles was undertaken to determine the cur-
rent best management and level of evidence.

Material and Methods

Using the PRISMAmethod, a literature search was performed
[7]. Studies published up to December 2017 with the MESH
terms: “inguinal hernia”, “inguinal herniorrhaphy”, “infected
mesh”, “mesh infection” were identified using the Boolean
operators OR and AND in six databases: PubMed, Embase,
Scopus, Cochrane, Ovid MEDLINE and Clinicaltrials.gov.
The references of the studies found were manually searched
for any potentially relevant article. No formal inquiry was
made to the authors of selected papers.

To be included, the article needed to report on the outcomes
of management of a Lichtenstein inguinal mesh repair with
infected mesh. Articles featuring non-Lichtenstein repairs
(e.g. plug/patch, preperitoneal repairs), laparoscopic inguinal
hernia repair, incisional, ventral and other types of hernia re-
pair were excluded. Articles with ambiguous results or inade-
quate clinical detail were also excluded. Other exclusion
criteria were Lichtenstein inguinal mesh repair with SSSI on-
ly, non-English language articles and publication as abstract
only. Case reports which did not have a trial of conservative
management were excluded too.

Results were manually extracted by two independent re-
viewers. Primary outcome was resolution of infection as a
function of different strategies of managing the infected mesh
(i.e. conservative versus surgical). The risk of bias as well as
the quality of individual studies will be assessed byGrading of
Recommendations Assessment Development and Evaluation
Criteria (GRADE) criteria [8]. A narrative review of the rele-
vant studies describing outcomes of conservative versus oper-
ative management of mesh infection from RCT and
Retrospective Studies will be presented. A formal meta-
analysis was not possible.

Results

The identification process for eligible studies is summarised in
Fig. 1. The search strategy initially produced 1532 studies, of
which 1479 were excluded on the basis of the title, abstract or
meeting exclusion criteria. Of the remaining 53 studies, 39
were excluded as indicated. Fourteen studies met all the inclu-
sion criteria: five case reports, four retrospective case series,
five RCT. For ease of presentation, the eligible studies will be
grouped by type of study.

Case Studies

Ismail (2002), Chatzimavroudis (2014), Filippou (2017),
Sohail (2004), Maheshwari (2016) reported case studies
[9–13].

The studies included eight men and one woman. Eight out
of nine meshes used were unspecified polypropylene mesh
and the method of mesh fixation was usually not mentioned.
Presentation of infection post Lichtenstein repair was a medi-
an of 34 months (ranging from 0.56 to 144 months). Eight out
of nine patients presented with a discharging sinus at the inci-
sion site. Most pathogens causing the infection were identi-
fied: four Staphylococcus aureus, one Proteus, one
Pseudomonas aeruginosas and one Mycoplasma gondii.

All nine patients received intravenous antibiotics with in-
cision and drainage as needed.

The median length of conservative management was
4 months (ranging from 2 days—overwhelming sepsis—to
24 months). All patients needed readmission after failure of
conservative management and underwent total mesh explan-
tation and sinus excision. None needed more extensive sur-
gery (e.g. bowel resection).

Post removal of mesh, patients were usually followed for
6 months. All had resolution of infection and none had hernia
recurrence.

These case studies highlight mesh infection presenting
more than 10 years after the primary surgery.

Retrospective Case Series

Celdrán (2007), Jezupors (2006), Akyol (2013), Chen (2016)
met the inclusion criteria. [14–17].

A total of 6513 patients were included in these retrospec-
tive series and a total of 25 mesh infections were reported
(0.4%). Twenty-two patients were male and three were fe-
male. Their median age was 57.7 years (ranging from 23 to
75 years old). All had insertion of polypropylene mesh (17
multifilament, 6 monofilament and 2 unspecified). The
method of fixation was not specified. The use of prophylac-
tic antibiotics at time of primary surgery was usually not
reported. No complication at the time of primary surgery
was mentioned.
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The time between primary surgery and infection was a
median of 7.5 months (ranging from 0.5 to 60 months),
but one study did not provide the time frame. Twenty-one
out of 25 patients presented with a chronic sinus at time
of diagnosis. In nine cases, no pathogen was cultured
whereas 11 had Staphylococcus aureus (including two
Methicillin Resistant Staphylococcus aureus), three were
other gram-positive pathogens (including two Acid-fast
gram-positive bacteria) and four were gram-negative
bacteria.

All 25 patients received antibiotics and required either in-
cision and drainage or debridement of the wound. The median
length of time for conservative management was 1.2 months

(ranging from 0.5 to 2.5 months), with one study that did not
report the duration.

All had resolution of the infection with mesh removal and
only two developed hernia recurrence (8%). The timing of
follow-up post removal of mesh was not always available,
but the median was 29.2 months (ranging from 12 to
115 months).

RCT on Use of Prophylactic ABs at Time of Inguinal
Hernia Repair

Aufenacker (2004), Perez (2005), Yerdel (2001), Shankar
(2010), Othman (2001) are RCTs investigating the use of
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Fig. 1 Flow diagram following the PRISMA principles
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prophylactic antibiotics or a placebo at the time of induction
for an open Lichtenstein hernia repair [18–22]. These pub-
lished the incidence of SSSI and DSSI and discussed the ben-
efits of giving prophylactic antibiotics. Only these five studies
were retained as they reported DSSI. As management of DSSI
was a by-product of the RCTs, we considered these studies to
be observational studies only.

To begin with, 2228 patients were included but 2069 com-
pleted the trials and 13 had a DSSI (0.6%). The median age of
all patients was 52.5 years old and more than 85% were male.
Three studies used monofilament with PROLENE for suture
fixation, and two studies used unspecified polypropylene
mesh. Three studies reported the timing of the infection from
the day of surgery, ranging from 0.13 to 2.6 months.

In nine cases, the culprit pathogen was Staphylococcus
aureus, two were Streptococcus spp. and two were
Pseudomonas aeruginosa. The rest were unspecified or undi-
agnosed. Five out of 13 had resolution of symptoms with
conservative management and therefore their mesh was sal-
vaged. Eight needed total mesh removal after failure of con-
servative management (Table 2).

All Studies

Out of 8741 Lichtenstein inguinal hernia repairs from case
series and RCTs, there were 38 mesh infections (0.4%). Five
were successfully managed without mesh removal (13.2%).
But the majority (33) needed mesh removal (i.e. 86.8%).

Including the case studies, our study included 47 patients
with infectedmesh. Forty-twomeshes needed explantation for
resolution of infection (89.3%).

Grading of Recommendations Assessment
Development and Evaluation Criteria

As the case series are retrospective without any control popu-
lation or strict inclusion criteria, there are significant limita-
tions in the study design. Hence, the risk of bias is non-
negligible.

In the RCTs, there is also bias regarding the reporting as
this outcome was a rare event and there may be inadequate
accounting of patients and events due to incomplete follow-
up. One study finished early due to perceived benefits of

Table 1 Results of included studies (case reports excluded)

Type of study Author Year Patient (n) DSSI Mesh removal Mesh salvage

Retrospective case studies Jezupors [14] 2006 375 3 3 0

Akyol [15] 2013 > 2940 15 15 0

Chen [16] 2016 2510 5 5 0

Celdran [17] 2007 688 2 2 0

Subtotal > 6513 25 25 0

RCT Aufenacker [18] 2004 1040 3 2 1

Perez [19] 2005 360 2 2 0

Yerdel [20] 2001 280 4 3 1

Shankar [21] 2010 450 2 1 1

Othman [22] 2011 98 2 0 2

Subtotal 2228 13 8 5

Total 38 33 5

DSSI deep surgical site infection, RCT randomised control trial

Table 2 Incidence of DSSI in patients receiving prophylaxis and placebo

First author year Control group Sample size DSSI Mesh removal Prophylaxis Sample size DSSI Mesh removal

n % n %

Yerdel 2001 [20] Placebo 133 3 2.2 2 Ampicillin + sulbactam 1.5 g. i.v. 136 1 0.7 1

Aufenacker 2004 [18] Placebo 505 2 0.4 1 Cefazolin 1 g. i.v. 503 1 0.2 1

Perez 2005 [19] Placebo 180 1 0.6 1 Cefazolin 1 g. i.v 180 1 0.6 1

Shankar 2010 [21] Placebo 162 1 0.6 0 Cefazolin 1 g. i.v 172 1 0.5 1

Othman 2011 [22] Placebo 48 1 2.1 0 Amoxicillin + clavulanic acid
1.2 g. i.v.

50 1 2 0

1028 8 1.18 4 1041 5 0.8 4
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prophylactic antibiotics. Overall, there is incomplete reporting
regarding the DSSI and their management. So, the risk of bias
is present and downgrades the evidence.

The results regarding management of mesh infection
seemed consistent throughout the nine studies and point to-
wards removal of mesh. Nonetheless, this is based on a het-
erogeneous population across nine retrospective and prospec-
tive studies with a low rate of DSSI.

Therefore, the overall quality of the evidence is poor, which
leads to weak conclusions regarding the recommendation to-
wards mesh removal in patients affected with mesh infection
post Lichtenstein inguinal hernia repair.

Discussion

This review shows failure of conservative management in
89.3% of reported mesh infections following a Lichtenstein
inguinal hernia repair. This was obtained by combining all
reported mesh infections in the studies reviewed. To date,
there is no systematic review onmanagement of infectedmesh
post Lichtenstein repair. This might be due to the rarity of the
event, the lack of reporting or the paucity of relevant studies.
While DSSI involving the mesh is rare, the number of patients
affected is high given how frequently Lichtenstein hernia re-
pair is performed.

Mesh infection can be difficult to diagnose. During the
early stages, it is almost impossible to clinically differentiate
a superficial wound infection from infected mesh. As the su-
perficial wound infection is treated with antibiotics and usu-
ally resolves quickly, infection that lasts longer or does not
respond to antibiotics should raise the suspicion of a deeper
infection, most likely involving the mesh. The presence of a
fistula or the development of an abscess at the area of mesh
implantation also suggests a mesh infection. Occasionally, an
abscess adjacent to a mesh may not cause any systemic fea-
tures or any obvious local signs of infection.

The trial of conservative management after recognition of
DSSI ranged from a few days to, in extreme cases, up to
49 months. The median for the whole group could not be
calculated due to lack of reporting, especially in the RCTs.
From this data, it may be reasonable to consider mesh explan-
tation after 1 month of conservative management without res-
olution or reoccurring after multiple representations resolving
with antibiotics.

One French study from 2011, the largest series of mesh
infections after inguinal hernia repair, reported failure of con-
servative management and mesh removal in 86% of patients.
The DSSI mostly occurred during the first month (50%), but
26% were diagnosed one year after the procedure. Thirty-
three patients had resolution of infection with mesh removal.
Nineteen had multiple attempts at conservative management
prior to explantation. Their findings were similar to those

reported in our study including the types of pathogen
found—mainly Staphylococcus aureus, followed by
Escherichia coli and Pseudomonas spp. [23]. However, this
study was not included because it presented mixed laparo-
scopic and open approaches, making it unfeasible to isolate
the results for Lichtenstein repair only.

The type of mesh used may play a role in the decision for
mesh removal. ePTFE infected mesh is often explanted due to
its hydrophobic properties and microporous structure [24, 25].
The European Hernia Society guidelines recommend the use
of non-absorbable monofilament mesh for inguinal hernia re-
pair in adults to reduce the risk of incurable chronic sinus
formation or fistula [3]. In the case of DSSI with the presence
of a multifilament mesh, the guidelines state that complete
wound healing after adequate drainage alone is virtually im-
possible. This is linked to the fact that bacteria can hide from
leucocytes because the structure of the mesh is closely woven
with small pore diameter and therefore cannot be perfectly
sterilised [3]. In this study, no ePTFE meshes were identified
but mesh composition details were missing for one patient.
Most infected meshes used were polypropylene (46/47).
However, the proportion of mono versus multifilament poly-
propylene mesh is undetermined.

Recognised patient factors (age, gender, ASA, comor-
bidities, obesity, smoking or immunosuppression) were not
systematically reported in these studies [26, 27]. The pa-
tients’ median age was 54.8 years old. Overall, more than
three-quarters of mesh infections were in males; this is
probably because inguinal hernia repair is most often car-
ried out in the male population. The reported timing of
infection ranged from 1 week to 144 months. The very late
presentations with mesh infection were from case studies.
Retrospective studies showed timing extending to
1.5 years. Commonly, the DSSI occurs within the first
few months after surgery [4, 23]. Some suggest that infec-
tion presenting a long time after implantation when a fi-
brous capsule has already developed can only be resolved
by mesh explantation. This is based on the observation that
antibiotic penetration will be incomplete due to the pres-
ence of the fibrous capsule. The fibrous capsule may also
minimise the signs and symptoms of infection [22, 28].

Explantation of mesh after a Lichtenstein repair has its in-
herent morbidity and technical challenges—injury to the vas
deferens and testicular neurovascular bundle to the testis. Some
authors have recommended performing the removal of mesh in
two stages to allow for reduction of inflammation and better
visualisation of tissue planes. The first stage starts with initial
incision and drainage then removal of mesh after fistula for-
mation [14]. Of the 33 patients who neededmesh removal, two
patients developed hernia recurrence clinically. Fawole et al.’s
(2006) retrospective study on 2139 open inguinal hernia repair
over an 8-year period identified 14 DSSI who needed mesh
removal. After follow-up post mesh explantation, only two

734 SN Compr. Clin. Med. (2019) 1:730–736



patients had asymptomatic hernia recurrence (2/14). They ex-
trapolated that strength of mesh repair rests in the fibrous re-
action induced with the transversalis fascia by the prosthetic
material rather than in the physical presence of the mesh [28].
This study was not included due to the presence of mesh plug
repair mixed with the Lichtenstein approach and the inability
to extract relevant data.

Five studies included in this review were RCTs on the
use of prophylactic antibiotics for elective hernia repair. In
low-risk patients and in hospitals where there is a low
incidence of wound infection, there is not a specific benefit
to prophylactic antibiotics as there is no obvious associa-
tion between use of antibiotic prophylaxis and incidence of
DSSI [3, 29, 30].

This study has several limitations. First, it incorporates case
reports and retrospective studies, some of which had missing
data. Results of case reports are subject to author bias as well
as small sample sizes and were thus excluded from analysis.
The multitude of case reports available in the literature sug-
gests deep-seated mesh infection is not very common. As
these reports are very heterogeneous and without blinding or
randomisation, there is significant reporting and selecting
biases. Some studies reported only on patients who had mesh
removed due to DSSI, so DSSI that resolved with conserva-
tive management may have been unreported. Therefore, there
would be a reporting bias towards removal of mesh in the
event of DSSI. Patients successfully treated conservatively
may be unreported. The primary outcome of the RCTs was
detecting and reporting infection, so management of mesh
infection was not the focus of the trials: reporting the manage-
ment of DSSI was thus limited.

Secondly, because of insufficient data due to incomplete
reporting, this study is unable to produce a timeline regarding
removal of mesh once infected. Once a sinus has developed,
infected mesh should be removed. As previously mentioned,
if infection does not resolve with conservative management
within a month, mesh infection should be considered as well
as the requirement for mesh explantation.

Third, some newer options (e.g. negative pressure wound
therapy or partial excision of mesh) were not included but may
be a viable option to eradicate mesh infection [31–33].

Conclusion

In conclusion, the studies were heterogeneous so analysis is
difficult. Mesh infection following a Lichtenstein inguinal
hernia repair may not be a rare event and impacts patients
significantly. While ultimately prevention of mesh infection
is the goal [34], when mesh infection is diagnosed, and con-
servative management fails, mesh removal will be necessary.
The hernia is unlikely to recur.
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