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ABSTRACT: The use of prosthetic materials in repair of abdominal-wall hernias can lower 
the risk of hernia recurrence. Therefore, large numbers of meshes are used worldwide every 
year. All types of meshes on the market have the potential to cause certain complications, 
such as fistula formation, migration, infection, and rejection. These long-term, clinical 
complications, although rare, can be serious. For this reason, we aim to provide a systematic 
review on these adverse effects. A PubMed search covering the last 20 years was done to 
obtain articles reporting these long-term effects. After searches with selected keywords, 
and careful evaluation of the resulting articles, 64 articles reporting specific long-term 
complications were selected and set aside for analysis. Most of the articles were case reports 
and retrospective analyses (61/64). No evidence-based data exist regarding prevention of 
these late complications.

KEY WORDS: hernia, mesh, infection, fistula, rejection, migration

INTRODUCTIONI. 

Hernia is defined as a bulge at a tissue junction and most commonly occurs within the 
abdominal wall.1 Repair of abdominal hernias is one of the most common operations 
in surgery. To date, numerous repair techniques have been described for abdominal-wall 
hernias. Data from randomized controlled trials support the claim that use of prosthetic 
mesh in abdominal-wall hernia repair can lower the risk of hernia recurrence.2,3 However, 
an ideal mesh has not been produced yet, and all meshes on the market have the potential to 
cause certain complications, such as infections, chronically draining sinuses, enterocutanous 
fistulas, and intestinal obstructions.4

The choice of mesh type is based on many factors, including surgeon’s preference, 
knowledge, type of hernia, and cost. In fact, there is currently no consensus on when or how 
to use meshes, and data regarding long-term adverse effects of their implantation are scarce. 
Groin hernia repairs compose the largest portion of all abdominal-wall hernia repairs. A 
standard polypropylene mesh is the most frequently used material, with a low complication rate 
in general.5 Even domestic mosquito nets have been used with success in some regions where 
resources are limited, although the long-term results have not been obtained yet.6 Recent data 
indicate that some characteristics of the meshes, e.g., porosity, are of importance, and that 
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different operative techniques require different mesh 
materials. klinge et al. stated that complications 
can manifest even after many years, and that any 
thorough quality control program should include an 
assessment of explanted implant failures in addition 
to clinical experience.7

While the late complications of meshes are 
rather rare, they are challenging. complications 
such as late infection and migration may cause not 
only hernia recurrence, but also life-threatening 
sepsis and intestinal fistulas.8 New papers reporting 
these complications appear every year, although 
only a few studies exist on the comprehensive 
analysis of late complications of hernia meshes. 
clinical research on late complications requires 
long follow-up periods. Therefore, there are no 
specific prospective controlled trials on the late 
complications of meshes in the English-language 
literature, although two papers have mentioned late 
complications as a secondary outcome measure.9,10 

We herein present a systematic review on late 
complications of mesh use in elective repair of 
abdominal-wall hernias.

MATERIALS AND DATA COLLECTIONII. 

To conduct a comprehensive search of the medical 
literature, we selected a well-known medical 
electronic bibliographic database with free and easy 
access: PubMed. The publication period chosen for 
this research was from December 1991 to March 
2011 (the previous 20 years). We evaluated only the 
papers that were published in the English language. 
The key words were hernia, mesh, late infection, 
migration, fistula, rejection, and mesh related infection. 
The Boolean operator used was “hernia AND mesh 
AND migration.” The research was limited by “adult” 
and “human studies” using the “limits” function 
of PubMed. Papers that mentioned the selected 
key words were saved for further evaluation. Since 
chronic pain is a subjective complaint, the origin 
of which is not fully understood, this complication 
was not included in our study.

After reviewing full text versions of the papers 
that appeared in the PubMed search, we selected for 
the study only those that included series and cases 
for elective repairs. Emergency repairs, hiatal hernia 
repairs, mesh use in infected areas, and abdominal-

wall reconstructions in patients with domain loss 
were exclusion criteria. All types of abdominal-wall 
hernia repairs were taken into consideration. Papers 
that mentioned “late complication” were included. 
When the authors did not describe a specific 
complication as “late,” we focused on the interval 
between the index operation and the appearance of 
the complication, if cited. late complication was 
defined as any of four complications (late infection, 
migration, fistula, rejection) that occurred 6 months 
or more after the mesh repair. 

The type of hernia, the repair technique, the 
type of mesh material, and the exact interval were 
recorded, if mentioned in the publications.

RESULTSIII. 

Initially, our search yielded a total of 2130 articles in 
PubMed, by using the keywords hernia and mesh, and 
limiting with humans and adult and with the interval 
between 1991 and 2011. Further limiting the search 
results with the selected keywords revealed a total 
of 333 publications. The proportion of the articles 
that mentioned long-term complications within all 
“hernia and mesh” publications was 15.6%. There 
were 124 papers for late infection, 112 for fistula, 21 
for rejection, and 76 for migration; 304 of the 333 
papers could be retrieved as full text (91.3%). only 
64 of those 304 papers (21%) were directly related 
to our search aim and reported on the defined late 
complications. A summary of the inclusion and 
exclusion of the papers from the PubMed database 
search is presented in Table 1. These publications 
are listed in Tables 2, 3, and 4 according to 
the complication types. There were only three 
prospective trials. The primary outcome measures 
in these prospective studies were (i) comparison of 
Maloney darn and lichtenstein hernia repair,9 (ii) 
usage of synthetic composite mesh in open ventral 
hernia repair,11 and (iii) determination of whether 
laparoscopic intraperitoneal polytetrafluoroethylene 
(PTFE) prosthetic patch (lIPP) repair of ventral 
hernia is superior to open prefascial polypropylene 
mesh repair.12 Most of the remainder were 
individualized case reports (45/64), while there 
were some retrospective series (16/64). Five articles 
were listed in more than one table of complications 
because they described more than one type of 
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complication. These were the articles reporting 
migration, and fistula formation as the result 
of migration. There were a total of 69 cases with 
long-term complications included in 64 different 
articles. The distribution of these complications is 
as follows: 17 cases for fistula formation, 17 cases 
for late infection, 29 cases for migration, and 6 
cases for rejection. Migration appears to be the 
most common late complication. The lists of these 
long-term complications, such as fistula formation, 
late infection, migration, and rejection, are given in 
Tables 2, 3, 4, and 5, respectively.

The time interval between the index operation 
and the recognition of a particular complication 

differed greatly among the reports. The longest 
interval was 30 years, for a case with wire mesh 
migration.13 Also, fistulas may develop even after 14 
years.14 late infection could be observed 5 years after 
mesh repair.15

DISCUSSIONIV. 

The use of prosthetic material for repair of hernias 
considerably decreased their recurrence. With the 
more common use of prosthetic materials for hernia 
repair, late complications have been observed more 
frequently. As “foreign” to the human body, meshes 
may cause certain adverse reactions. First, the rate 

Potentially relevant articles identified and screened for 
retrieval 

n = 338 

Articles that cannot be reached as 
full text. 

n = 34 

Articles retrieved for more detailed evaluation 

n = 304 

Articles not reporting about the 
long-term complications  

n = 240 

Articles with useful information finally included 

n = 64 

TABLE 1: Summary of the Exclusion and Inclusion of the Articles Found after Database Search

Aut
ho

r P
ro

of



SEkER & kulAcoGlu

Journal of Long-Term Effects of Medical Implants

204

TA
B

LE
 2

: L
is

t 
o

f A
rt

ic
le

s 
R

ep
o

rt
in

g
 F

is
tu

la
 F

o
rm

at
io

n

A
ut

ho
r

P
ub

lic
at

io
n 

ye
ar

N
 o

f 
ca

se
s

(%
)

H
er

ni
a 

ty
p

e
R

ep
ai

r 
ty

p
e

M
es

h 
ty

p
e

In
te

rv
al

(m
o

nt
hs

)
E

nd
 r

es
ul

t

Lo
sa

no
ff 

JE
41

20
10

1
in

ci
si

o
na

l
nr

p
o

ly
p

ro
p

yl
en

e 
an

d
 h

ig
h-

d
en

si
ty

 p
o

ly
et

hy
le

ne
30

0
Sm

al
l i

nt
es

tin
al

 fi
st

ul
a

Is
hi

g
ur

o
 Y

42
20

09
1

in
g

ui
na

l
m

es
h 

p
lu

g
nr

36
C

o
lo

cu
te

no
us

 fi
st

ul
a

Fo
d

a 
M

43
20

09
1

in
ci

si
o

na
l

nr
eP

TF
E

72
Sm

al
l i

nt
es

tin
al

 fi
st

ul
a

Zu
b

ai
d

i A
M

44
20

06
1

in
g

ui
na

l
nr

p
o

ly
p

ro
p

yl
en

e
48

C
o

lo
cu

te
no

us
 fi

st
ul

a

M
ur

p
hy

 J
W

45
20

06
1

in
g

ui
na

l
nr

Pe
rfi

x-
p

lu
g

24
Si

g
m

o
id

 c
o

lo
n 

fis
tu

la

A
ca

r 
T38

20
02

1
in

ci
si

o
na

l
nr

p
o

ly
p

ro
p

yl
en

e
13

2
Sm

al
l b

o
w

el
 fi

st
ul

a

O
tt

 V
46

20
05

1
in

ci
si

o
na

l
nr

p
o

ly
es

te
r

10
8

C
ut

en
eo

-je
ju

no
co

lic
 

fis
tu

la

C
o

st
a 

D
47

20
04

1
um

b
lic

al
nr

p
o

ly
p

ro
p

yl
en

e
12

Sm
al

l b
o

w
el

 fi
st

ul
a

La
uw

er
s 

P39
20

03
1

in
g

ui
na

l
St

o
p

p
a

nr
24

C
o

lo
cu

te
no

us
 fi

st
ul

a

Lo
sa

no
ff 

JE
48

20
02

1
in

ci
si

o
na

l
nr

p
o

ly
p

ro
p

yl
en

e 
an

d
 h

ig
h-

d
en

si
ty

 p
o

ly
et

hy
le

ne
12

0
Sm

al
l b

o
w

el
 a

nd
 c

o
-

lo
ni

c 
fis

tu
la

R
ie

g
er

 N
40

20
02

1
in

g
ui

na
l

TA
PP

p
o

ly
p

ro
p

yl
en

e
72

C
o

lo
ve

si
ca

l fi
st

ul
a

Fe
rn

an
d

ez
 L

R
49

20
01

1
in

ci
si

o
na

l
nr

p
o

ly
p

ro
p

yl
en

e
10

8
C

o
lo

cu
te

no
us

 fi
st

ul
a

St
ee

le
 S

R
*50

20
03

2/
58

 (3
%

)
p

ar
as

to
m

al
St

o
ve

 
p

ip
e 

ha
t

p
o

ly
p

ro
p

yl
en

e
A

ve
ra

g
e 

4.
4 

ye
ar

s
E

nt
er

o
cu

te
no

us
 fi

st
ul

a

Va
nc

lo
o

st
er

 P
*41

20
01

1/
12

59
 (0

.0
8%

)
in

g
ui

na
l

TE
P

p
o

ly
p

ro
p

yl
en

e
24

Si
g

m
o

id
o

cu
te

no
us

 
fis

tu
la

B
as

o
g

lu
 M

*51
20

04
2/

24
6 

(0
.8

%
)

in
ci

si
o

na
l

o
p

en

p
o

ly
es

te
r/

p
o

ly
p

ro
p

yl
en

e 
an

d
 h

ig
h-

d
en

si
ty

 p
o

ly
et

hy
le

ne
M

ea
n 

50
.6

E
nt

er
o

cu
te

no
us

 fi
st

ul
a

C
he

w
 D

K
14

20
00

1
in

ci
si

o
na

l
o

p
en

p
o

ly
p

ro
p

yl
en

e 
an

d
 h

ig
h-

d
en

si
ty

 p
o

ly
et

hy
le

ne
16

8
E

nt
er

o
cu

te
no

us
 fi

st
ul

a

M
ill

er
 K

53
19

97
1

in
g

ui
na

l
TA

PP
p

o
ly

p
ro

p
yl

en
e

12
E

nt
er

o
cu

te
no

us
 fi

st
ul

a

*R
et

ro
sp

ec
tiv

e 
st

ud
ie

s
 n

r:
 n

o
t 

re
p

o
rt

ed

Aut
ho

r P
ro

of



Volume 21, Number XXXX, 2011

205FIXED VERSuS MoBIlE BEARING TkA

FIGURE 1. Anteroposterior and lateral radio-
graphs of a right (A) and left (B) knee after total 
knee replacement using the LCS prosthesis 12 and 
24 months postoperatively.
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of early surgical-site infection may be increased in 
comparison with that of tissue repairs done without 
a prosthetic material. In general, this particular 
complication can develop in as high as 8% of the 
patients who undergo incisional hernia repair with 
mesh,16 and in 5% of patients who undergo open 
inguinal hernia repair with mesh.17 Most of these 
infections are superficial, and they respond well 
to antibiotics.18 However, some patients with an 
uneventful recovery may ultimately present with a 
late infection that requires mesh removal.19

Many different factors may contribute to 
the occurrence of complications after mesh use 
for hernia repair. These possible factors are the 
type of mesh, repair technique, experience of 
the operating surgeon, fixation type of the mesh 
(suture vs. tucker), pressure exerted on the mesh by 
body movements, and anatomical location of the 
mesh. The present review revealed that long-term 
adverse effects of prosthetic meshes can be seen 
after almost all kinds of repair techniques, done by 
either anterior or posterior approach. Mesh type as 
a factor in the reported late complications seems 
to be more common when a standard heavyweight 
polypropylene mesh is used. Nevertheless, it should 
be kept in mind that this mesh type is also the most 
commonly used prosthetic material in hernia repairs 
worldwide. Biologic meshes are not immune to 
long-term adverse effects. However, no long-term 
complication report was found in the present search 
related to use of the large-pore, lightweight, partially 
absorbable meshes, which were recommended 
by some authors for their possible advantages of 
better tissue incorporation, less shrinkage, and less 
foreign-body reaction.20,21,22,23 

The exact mechanisms that lead to long-term 
adverse events are still unclear. Also, any complication 
such as infection or migration can trigger a chain 
reaction ending with serious complications, including 
organ invasion and fistula formation. 

Specifically, the exact mechanism of late infection 
after mesh repair is still not well understood. Early 
wound complications (seroma, hematoma) may be 
the origin of late manifestations.24 Also, late infection 
may be related to the implantation site of the mesh. 
Moon et al. agree that preperitoneal placing of the 
mesh may delay the symptoms of infection.25 It is 
possible that an untreated local infection can cause 

a clinically significant late infection. Biological 
meshes have some theoretical advantages, such as 
resistance to infection, avoidance of a permanent 
foreign body, and reconstruction that results in the 
formation of natural tissue, but they have not gained 
popularity because of their high cost.26

Mechanical migration is mere displacement 
of the mesh. Inadequate fixation or probably 
external displacing forces may be the cause. 
other mechanisms, however, are slow and gradual 
movements of the mesh through trans-anatomic 
places. These mechanisms are secondary to erosion 
induced by a foreign-body reaction.27 Whatever 
the mechanism is, mesh may move through trans-
anatomic places, even into bowel or vascular lumens. 
Erosion is an important adverse effect of the mesh. 
Stiffness of the meshes and their adhesive character 
may cause erosion whenever a mesh is placed in 
close proximity to a viscus. In addition, improperly 
fixed (by suture or any kind of tucker) meshes could 
lead to erosion followed by displacement. Meshes 
are generally cut along their edges to fit the size 
and shape of the anatomical area where they are to 
be placed. This leads to formation of sharp edges 
that can cause erosion or fistula formation. In a 
questionnaire study, le Blanc reported that 3% of 
the patients treated with a mesh plug for inguinal 
hernia suffered from morbid complications due to 
migration of the plug.28

Fistula formation can occur either by direct 
contact of the mesh with a visceral organ and erosion, 
or by migration and later erosion by direct contact, 
or by an improperly placed fixation material that can 
cause fistula by itself. Any unrecognized violation 
of the peritoneum during surgery promotes a direct 
contact of the mesh with visceral organs. Even if the 
peritoneum is intact, the plug itself may cause erosion 
through the peritoneum as a result of body movements. 
Intraperitoneal mesh placement is another potential 
cause for fistula formation. In 1981, kaufman first 
reported enterocutaneous fistula formation as a late 
complication of intraperitoneal placement of mesh.29 
Intraperitoneal mesh replacement also increases the 
risk of mesh migration.30–32 

Rejection is another problem of mesh hernia 
repair, also with a poorly understood mechanism: the 
exact cause or causes of rejection are still unknown. 
Whatever the type, mesh is a potential foreign body 
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for human beings. As suggested by Wang et al., the 
host-versus-mesh reaction may be the cause.33 The 
same principles seen in graft-versus-host reactions 
in transplant patients may apply to mesh rejection. 
The authors who reported rejection in their articles 
described the rejection as formation of a productive 
sinus34 or slow growth of a pseudoabscess, with 
bacterial cultures showing no bacterial growth.35 
Some authors merely noted the rejection without 
providing any description. use of biological 
materials in hernia repair may help to overcome this 
problem. Biological materials are considered to be 
a better alternative than synthetic mesh, based on 
the rate and type of complications. These include 
chronic foreign-body response, intestinal fistulas, 
mesh erosion into viscera, and migration.36

Standard polypropylene mesh is the most 
frequently used material in mesh repairs. It is 
totally non-absorbable and strong. However, this 
material has been suspected of adhesion formation 
to bowels, thereby causing fistulas. Therefore, newer 
meshes with low weight, more flexibility, and a non-
adhesive inner side have been developed to lower the 
rate of mesh-related complications. Indeed, these 
newer meshes have provided some better results 
in clinical studies. However, the present review 
revealed that including fistula formation, every type 
of late complication can be developed following use 
of all kinds of meshes. The frequencies may decrease 
but the risk persists in certain incidences. 

Probably millions of mesh hernia repair surgeries 
are performed yearly worldwide. There is no doubt 
that hundreds or even thousands of mesh-related late 
complications are observed. However, possibly, only 
a small proportion of those are reported in journal 
articles. The various percent rates for particular 
complications found in the present review may reflect 
many more actual cases with late complications. In 
fact, Robinson et al. reported that 252 adverse effects 
related to the use of surgical mesh for hernia repair 
were among events that were recorded in the Food 
and Drug Administration’s (FDA) Manufacturer 
user Facility Device Experience Database, between 
January 1996 and September 2004.37

Since the use of prosthetic material in hernia 
repair is increasing, we should not be surprised to 
encounter these late complications more frequently 
in the near future. Since every type of mesh, 

whatever the operation and technique in which 
these meshes are used, has the potential for causing 
such complications, we need to know not the 
probable but the exact mechanisms and biological 
processes so that we can overcome these problems 
scientifically. currently, there are no evidence-based 
preventive solutions described in the biomedical 
publications.

CONCLUSIONV. 

Prosthetic mesh use in treatment of abdominal-wall 
hernias can result in serious long-term complications. 
Every surgeon who deals with the repair of abdominal-
wall hernias should be aware of late complications 
of meshes and how to manage them. In addition, 
studies for development of the ideal mesh should be 
ongoing. The ideal mesh may be a better synthetic 
mesh with better tissue compatibility, or a biologic 
mesh with low cost. In conclusion, the evolution of 
hernia repair is not yet complete. It is possible that 
today’s surgeons will be asked the following question 
by their grandchildren: Why did you put those plastic 
patches into people’s tummies?
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