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Abstract
Purpose Late-onset mesh infection, occurring months to
years following hernia repair, is a rare complication of her-
nia surgery. Its management usually requires removal of the
mesh. The aim of this paper was to assess the rate of recur-
rence of inguinal herniae following removal of the mesh for
late onset deep mesh infection.
Methods We performed a literature review to assess the
rate of recurrence of herniae following the removal of a
delayed onset infected mesh. Relevant studies from January
1966 to June 2010 were identiWed from a Medline, Pub
Med, Embase, Scopus and Cochrane database search. Stud-
ies that reported recurrence of the hernia following removal
of delayed onset infected meshes were included. Results
were tabulated and analysed to derive conclusions.
Results Some 153 abstracts were reviewed and 12 poten-
tial studies initially identiWed; of these, only 7 were Wnally
included in this review. The included studies were six case
series and one case report and comprised a total of 40
patients in whom delayed-onset infected mesh was
removed. The median follow-up period after the removal of
the infected mesh was 26 months. Of these 40 patients,

only 2 (<5%) developed a recurrent hernia. Removal of the
mesh resulted in resolution of symptoms in the majority of
the patients.
Conclusion Based on this review, removal of a late-onset
infected mesh results in resolution of symptoms in the
majority of cases, whereas recurrence of hernia is not com-
mon. However, further research is required as the number
of patients in our review is relatively small.
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Introduction

Tension free hernia repair using prosthetic meshes is the
commonest procedure performed for inguinal hernias these
days. This is because of its relative ease and low recurrence
rates [1]. It has been endorsed by constituted bodies such as
the European Hernia Society (EHS) as being the method of
choice for open adult hernia repair because it is associated
with minimal peri-operative morbidity, can be performed as
a day-case procedure and has an overall recurrence rate of
less than 4% [2]. Postoperative complications include
superWcial wound infection with an incidence between
2.88% and 4.37% [3]. This is usually not related to the
prosthetic material [1, 3] and can be resolved by using
appropriate antibiotics although in some cases incision and
drainage of any collections may be required [4]. Early post
operative mesh infection, deWned as infection of the mesh
occurring within a few days to weeks postoperatively, may
occur despite the judicious use of prophylactic antibiotics
[3, 4] in up to 1.7% of cases [5]. However, rarely, the mesh
may become infected months or even years after the origi-
nal surgery.
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Late-onset deep seated prosthetic mesh infection is dele-
terious and requires removal of mesh in most cases [1, 3,
6]. The reported incidence of deep infection varies in diVer-
ent case series and ranges from 0.03% to 1.4% [1, 3].
Whereas early postoperative mesh infection is considered
to be caused by contamination, the reasons behind delayed
onset mesh infection are not clear [4]. Meshes incite a for-
eign body reaction and cause TNF-� induced inXammation
and leukocyte chemotaxis [7]. InXammatory cells are grad-
ually replaced by Wbroblasts and giant cells [8], which are
prone to attachment by surrounding bacteria [7, 8]. How-
ever, commonly used prolene meshes incite only a mild
leukocyte-endothelial reaction and hence mesh-induced
bacterial adherence to the implantation site is not thought to
be the likely reason behind late-onset mesh infection [7].
Moreover, prevention of late-onset deep infection of the
mesh with bacteriostatic agents such as cyanoacylates has
not shown any beneWcial eVects in in vitro studies [8]. Late-
onset deep seated prosthetic mesh infection presents as
chronic groin pain, swelling, low grade sepsis and, in
extreme cases, a discharging sinus [3, 6]. Initial manage-
ment with antibiotics may not resolve the symptoms and
removal of the infected mesh is usually necessary to allevi-
ate chronic sepsis [9].

The aim of this study was to determine the incidence of
inguinal hernia recurrence following removal of mesh in
patients with late-onset deep seated mesh infection. In addi-
tion, long-term symptom resolution following removal of
mesh was studied.

Methods

We performed a literature review to assess the rate of recur-
rence of hernia following removal of a late onset infected
mesh. Relevant studies from January 1966 to June 2010
were identiWed from a Medline, PubMed, Embase and
Cochrane database search. Studies that reported recurrence
of the hernia following the removal of a delayed onset
infected mesh were included. Publications that did not
report on the rates of hernia recurrence, or did not include
patients with late onset mesh infection were excluded. All
the abstracts were identiWed by the Wrst author (S.R.) and
were then reviewed by a second author (S.K.). Any diVer-
ences in the opinion about selection and interpretation of
data were discussed with the senior author (E.P.P.) whose
decision was deemed Wnal. The main outcome measure was
incidence of inguinal hernia recurrence following removal
of the infected prosthetic mesh. In addition, various long-
term symptoms associated with removal of the mesh, such
as chronic pain and chronic groin sepsis, were assessed.
Although the data were reviewed systematically and results
were tabulated and analysed to derive conclusions, a meta-

analysis was not possible as none of the studies included
had a comparison group and the number of patients
included in the publications was small.

Results

Some 153 abstracts were reviewed and although 12 poten-
tial studies were initially identiWed, only 7 were included in
the Wnal review [1, 3, 6, 9, 12–14]. The included studies
were six case series and one case report and these com-
prised a total of 40 patients in whom delayed onset infected
mesh was removed. A second published case report on the
topic of late-onset deep seated mesh infection [4] was iden-
tiWed; however, this did not speciWcally address the issue of
recurrence following the removal of infected prosthetic
mesh and was therefore excluded. The gender of included
patients was traced in three case series and the case
report—there were 27 male and 4 female patients [1, 6, 9,
13]; the gender of the patients was not known in the three
remaining case series [3, 12, 14]. The follow-up period
after removal of the infected mesh ranged from 12 to
48 months. The follow up period was not mentioned in two
case series and the case report [9, 13, 14]. Of the 40 patients
in whom the delayed onset infected mesh was removed,
only 2 (less than 5%) developed a recurrent hernia (12 and
44 months after removal of the mesh). The primary proce-
dure was laparoscopic hernia repair in one case, while the
second patient underwent open mesh repair of inguinal her-
nia. Removal of the mesh resulted in resolution of symp-
toms in up to 95% of patients. The studies included in the
review as well their main outcomes are summarized in
Table 1.

Discussion

Chronic groin sepsis caused by late-onset deep seated
mesh infection is a rare (reported incidence of 0.7%;
range, 0.03–1.4%) complication of inguinal hernia repair
that often necessitates removal of the mesh to resolve
symptoms [1]. The purpose of this review was to identify
whether or not this removal of mesh leads to recurrence
of the hernia, and also whether or not it results in resolu-
tion of symptoms. The results showed that recurrence of
herniae following removal of the infected prosthetic
mesh is not common (2 out of 40 cases, or less than 5%).
Moreover, removal of the mesh led to complete resolu-
tion of the symptoms in approximately 95% of cases.
However, due to the paucity of available studies, their
retrospective nature and the small number of patients
included in them, more research is required to further val-
idate these results.
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Open tension-free hernia repair using prosthetic meshes
is an operation frequently performed for inguinal herniae. It
has a low recurrence rate of between 0.14 and 4% [1, 2, 10],
and a recent meta-analysis has shown that there is suYcient
evidence to support its use in comparison to other tech-
niques of herniorhaphy [3, 5, 11]. Post operative infections,
including late-onset deep seated mesh infection, is one of
the complications of the hernia repair. Previous studies
have demonstrated that approximately 2.88–4.37% of
patients suVer from postoperative mesh infection [3]. Deep
seated and delayed onset mesh infections on the other hand
are less common and present complex treatment challenges.
Conservative management can potentially salvage the mesh
although it is not successful on all occasions. EHS guide-
lines deem it necessary to remove the mesh where a poly-
Wlament mesh has been used although they suggest that it
may be possible to salvage the mesh in cases of mono-Wla-
ment materials [2]. Greenberg et al. [16] demonstrated suc-
cess in salvaging meshes in 7 out of 11 patients treated
conservatively for deep seated mesh infection. Their man-
agement included intravenous antibiotics, dressing change
with normal saline, and drainage of any abscesses along
with the use of wound vacuum assist devices [16]. Patients
were followed up for a minimum of 3 years and there were
no recurrences. The four remaining patients had their
meshes removed, as conservative management was unsuc-
cessful; however, no further follow up data was available
for these patients and therefore they were not included in
our results [16]. This again points out that removal of the
mesh will be necessary in a proportion of patients who fail
conservative management [5], and that this results in com-
plete resolution of the symptoms [4–6].

Our review included six case series and a case report. All
of these were retrospective studies and included 40 patients
in total. Only two (less than 5%) patients who had their
meshes removed following infection had recurrence of her-
nia. The median follow up period of all the published
papers was 26 months. Taylor et al. reported both the recur-
rences in their 12 cases (16%) in whom the mesh was

removed for chronic groin sepsis, and these occurred 12
and 44 months after the removal of the mesh. One of these
patients had undergone laparoscopic hernia repair. Their
results were based on a survey of surgeons in the West of
Scotland performing inguinal hernia repair, who were
asked whether or not they had encountered chronic groin
sepsis. On the other hand, Fawole et al. identiWed 14 cases
of chronic groin sepsis requiring mesh removal over a
period of 8 years, but found no recurrences at a median fol-
low-up period of 44 months (range 5–91 months) [1]. Simi-
lar results were reported by Yerdel et al. [12] and Kucuk
et al. [14] in their respective case series; however, the fol-
low up period was not mentioned in either of these studies.

Chronic groin sepsis has also been reported following
laparoscopic hernia repair. Avtan et al. [9]found three cases
of mesh infection—two with delayed infection after laparo-
scopic repair of their herniae. All of them underwent mesh
removal, as antibiotics failed to resolve the sepsis; there
were no recurrences although the follow up period was not
mentioned. In our review, of the 40 patients with chronic
groin sepsis, operative details were available for 38 cases.
Out of these 38 patients, 4 had undergone laparoscopic
repair of their primary hernia and, of these, 1 developed a
recurrence.

Our review has some limitations. Firstly, all the studies
included in this review are retrospective case series with
relatively small sample sizes. The lack of randomised trials
on the management of chronic groin sepsis following her-
nia repairs is probably a reXection of the very low rates of
occurrence of late onset mesh involvement, which would
make conducting any randomised trial diYcult. Secondly,
the studies included in the review do not have an adequate
period of follow up after removal of the mesh. The longest
follow up period is only 4 years, whereas evidence suggests
that only half of the recurrences occur in Wrst 5 years; and
that a follow up of at least 10 years is required to rule out
any recurrence [15]. The paper by Taylor et al. [6] included
in our review is actually a questionnaire survey, which may
therefore underestimate the rates of late onset groin sepsis.

Table 1 Studies included in this review

a Open = 1, laparoscopic = 1

Author Study 
design

Patients 
(mesh removed)

Follow up 
(months)

Male/female Open versus 
laparoscopic

Recurrences

Fawole et al. [1] Case series 14 44 11:3 14:0 0

Delikoukos et al. [3] Case series 05 44 Not recorded 5:0 0

Taylor et al. [6] Case series 12 44 11:1 11:1 2a

Avtan et al. [9] Case series 02 Not recorded 2:0 0:2 0

Yerdel et al. [12] Case series 03 12 Not recorded Not recorded 0

Foschi et al. [13] Case report 01 Not recorded 1:0 1:0 0

Kucuk et al. [14] Case series 03 Not recorded Not recorded 3:0 0
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Lastly, as a consequence of publication bias, unreported
cases of chronic groin sepsis and its subsequent manage-
ment cannot be ruled out.

Our results suggest that removal of the mesh should be
oVered to patients with late onset mesh infection. Based on
the results of this review, this would result in resolution of
sepsis and not lead to recurrence of the hernia. Due to the
relatively short follow-up period of the studies included in
this review, it may be argued that more recurrences may
occur over time, and that the true incidence of hernia recur-
rence may be much higher. However, even if this were true,
managing a hernia recurrence after resolution of sepsis
should not pose major problems.

In conclusion, based on this review, recurrence of hernia
following removal of an infected mesh after late onset mesh
infection is not common and results in resolution of the sep-
sis in the majority of cases. However, further research is
required as the number of patients in our review is rela-
tively small.

ConXict of interest None.
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