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Abstract
Background The aim of this study was to evaluate whether the
type of the mesh and proper surgical technique can influence the
outcome of a tension-free hernia repair in a contaminated filed.
Materials and methods This study was based on the model of
bacterial peritonitis in rats induced with a mixture composed of
Escherichia coli and Bacteroides fragilis. Two animals were
used as a control group without induced peritonitis and 10
animals with mesh implanted inside of the peritoneal cavity.
For the 20 animals in the studied group, bacterial fluid was
applied into the abdominal cavity together with the mesh im-
plantation. In 10 cases, themeshwas fixed flatly upon the surface
of the peritoneum; in the other 10, the mesh was rolled and then
fixed within the peritoneal cavity. After 5 weeks, the animals
were operated on again, and the meshes, the peritoneal fluid and,
if present, any granulomas were taken for bacterial cultivation.

Results The results of the bacterial cultivation of the material
from the control group (without mesh) and from the rats with
flatly fixed mesh were almost completely negative (0/10 and
1/10, respectively). In 9 out of 10 rats that were exposed to the
rolled mesh for 5 weeks, the colonisation of meshes with both
B. fragilis and E. coli was found (p<0.0198).
Conclusions When properly fixed, flat mesh, even in a contam-
inated field, may allow for a proper mesh healing and does not
influence the ability to cure bacterial peritonitis in an animal
model. A bad surgical technique, such as inadequately positioned
or rolled mesh, may cause persistent peritoneal bacteraemia.
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Introduction

Hernia repair operations are among the most frequently per-
formed procedures in surgical departments. Abdominal hernias,
both primary and incisional, continue to represent a serious
clinical problem. The risk of a incisional hernia is estimated to
be approximately 11 % [1] for treatments involving a median
incision. The data obtained from the literature show that the use
of a synthetic implant significantly reduces the hernia recurrence
rate. However, mesh-related complicationsmay still occur in 10–
15 % of the patients in cases where bacteria are present in the
operative field. These complications can include surgical site
infection (SSI), a fistula between the mesh and the intestine or
a significant loss of skin, which often forces the surgeon to
remove the implanted mesh [2, 3]. In the case of mesh implan-
tation in an infected surgical field, the percentage of mesh
removal can be as high as 90 % [4]. In the case of mesh
explantation, the authors do not discuss the method of its fixation
[5–7]. Hence, recent research recommends to stop using synthet-
ic mesh in the case of any operative field contamination [8].

K. Bury (*) : P. Gumiela
Department of Cardiac and Vascular Surgery, Medical University of
Gdansk, Gdansk, Poland
e-mail: kamilbury@me.com

M. Śmietański
Department of General and Vascular Surgery, Ceynowa Hospital in
Wejherowo, Wejherowo, Poland

B. Justyna
Department of General, Endocrine and Transplant Surgery, Medical
University of Gdansk, Gdansk, Poland

J. Paradziej-Łukowicz
Tri-City Central Animal Laboratory – Research and Service Centre,
Medical University of Gdansk, Gdansk, Poland

Ł. Naumiuk :A. Samet
Department of Medical Microbiology, Medical University of
Gdansk, Gdansk, Poland

A. I. Śmietańska : R. Owczuk
Department of Anesthesiology and Intensive Care, Medical
University of Gdansk, Gdansk, Poland

Langenbecks Arch Surg (2014) 399:873–877
DOI 10.1007/s00423-014-1225-3

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/206391728?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Recent studies associated with infected mesh do not have infor-
mation regarding the type of implants, which implants should be
avoided or descriptions of the surgical techniques used. The
currently used implants, which have macropore monofilament
characteristics and are made from a material characterised by a
significantly lower susceptibility to colonisation and infection,
should in theory not contribute to the persistence of chronic
infection in the operated area [9–11].

The aim of this study was to evaluate whether the use of a
macroporous mesh implant in an infected area will sustain the
infection. Furthermore, whether an incorrect technique of
mesh implantation (i.e., the formation of dead space by bend-
ing and folding the material) affects the maintenance of the
infection was also examined because an infection could result
in the need to remove the synthetic material.

Materials and methods

The study protocol

The study protocol was approved by the Bioethics Committee
of the Medical University of Gdansk (proof number 23/2007).

The study used male Wistar rats weighing 280 to 340 g.
The rats were housed under consistent living conditions (day/
night cycle of 12 h at 25 °C) at the Tri-City Central Animal
Laboratory – Research and Service Centre MUG during the
entire study. They were under the care of a veterinarian and
had constant access to water and food. Throughout the study,
no antibiotics were applied. According to the study protocol,
the animals were randomly divided into four groups: A—the
control group, with the same mixture of bacteria intraperito-
neally; B—with flat mesh fixed intraperitoneally without a
mixture of bacteria; C—with flat mesh fixed intraperitoneally
with a mixture of bacteria; and D—with rolled mesh fixed
intraperitoneally with a mixture of bacteria. The number in
each of the groups, to obtain statistical significance, was set at
10 individuals in groups B, C and D. Number of rats in group
A was two, according to the requirements of the bioethics
committee. (According to Polish Law, the verification of a
previously proven protocol, as in the study proposed by
Bosscha [9], cannot be performed on more than two
individuals).

The protocol was based on a model for the self-healing of
bacterial peritonitis in rats described byBosscha [9]. In our study,
the mixture of bacterial strains were Escherichia coli (ATCC
25922, Microbiologics, Inc. North St. Cloud, Minnesota USA)
and Bacteroides fragilis (ATCC 25285, Microbiologics, Inc.
North St. Cloud, MN, USA). The mesh used in the study was
composite polypropylene-poliglecaprone mesh (Ultra-Pro,
Ethicon Inc., Hamburg, Germany). This implant has a
macroporous structure (the pores have a diameter of 3 mm)
and is manufactured from a monofilament material. For fixing

the implant, a monofilament polypropylene suture with a thick-
ness of 5-0 was used.

The experiment was conducted under sterile conditions. The
rats were anaesthetised with isoflurane and bupivacaine
(0.05 mg/kg administered subcutaneously). The abdomen was
then shaved and washed with Octenisept. A 4-cm long incision
in the midline gave good access to the peritoneal cavity. The
sterile mesh was cut into equal 2 cm×4 cm pieces, which were
placed intraperitoneally on the side of the abdomen according to
the study protocol and the result of the randomisation (groups B
and C received flat mesh and group D received rolled mesh).
Then, using a sterile syringe, a mixture of bacteria (groups A, C
and D) were administered directly into the mesh. In group B, the
same amount of sterile saline was administered. The laparotomy
was closedwith a continuous single layer coatingwith Prolen 5-0
suture, and the skin was closed with a single 4-0 suture. The rats
were then held in the cages for 5 weeks.

After a period of 5weeks, the rats were killedwith an injection
of Morbital. Upon death, the laparotomy was performed, and the
mesh was evaluated macroscopically. Fluid was collected from
the peritoneum and a scrap of the peritoneal mesh was taken for
microbial research. The study was carried out in the Department
of Medical Microbiology, Medical University of Gdansk.

Statistical analysis

The sample size was calculated to detect a difference between
number of infections in particular groups at a minimal level of
20 %. Statistical analyses were conducted using Fisher’s exact
test with Freeman-Halton modification with statistical software
Statistica 8.0 PL (Polish version) (StatSoft, Tulsa, OK, USA).

Results

All the animals with induced peritonitis (groups A, C and D)
presented clinical signs of peritonitis and bacterial infection.
They presented a loss of appetite, weakness, accelerated res-
piration and an accelerated heart rate. All animals, regardless
of the severity of the symptoms, survived the entire 5-week
period of observation.

The results of both the aerobic and anaerobic cultures of the
peritoneal fluid from the rats in the control group (A) were
negative.

In group B, no cultured bacteria was detected on the mesh
or in the peritoneal cavity and no granulomas were found in
any of the rats. The presence of stiff adhesions in the perito-
neum was noticed between the bowels and the mesh. Surgical
site infections involving the skin were present in two cases;
the aerobic cultures revealed the presence of E. coli bacteria
(up to ++). In the same two individuals, granuloma formation
was observed on the surface of the peritoneum in line of
surgical incision (Fig. 1). The infected granulomas were
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cultured anaerobically to reveal the presence of E. coli (up to
++) and B. fragilis (single colonies) in the two cases.

Among the subjects in the study group C, bacterial coloni-
sation of the mesh was found in one individual case, which
had both aerobic and anaerobic E. coli cultures (up to +). A
macroscopic evaluation of the mesh revealed a single small
abscess at the suture site with the absence of any signs of
infection in the flat area of the mesh. In this same individual
case, the presence of two granulomas was revealed. Aerobic
cultures revealed the presence of E. coli bacteria (up to +); the
anaerobic cultures were negative. Another individual, number
7 in group C, revealed the presence of granulomas; the aerobic
and anaerobic cultures demonstrated the presence of E. coli
(up to +). No colonisation of the mesh was noticed. A few
mesh adhesions to the bowel loops or to the omentum were
present (Fig. 2).

In 7 out of 10 rats in group D, bacteria that colonise the
surface of a synthetic material were noted in the cultures. In
this group, E. coli strains were grown (up to +++) using
material from five individuals, and B. fragilis (+++) was
grown from one individual. Two resulted in no growth of
either E. coli or B. fragilis. Other strains were also detected:
Proteus mirabilis (single colonies), Staphylococcus aureus
(++), Morganella morganii (+) and Streptococcus alfa (+)
haemolytic, both in aerobic and anaerobic cultures. These
individuals also presented organised abscesses (Fig. 3). Table 1
summarises the aggregate results.

Discussion

Complications may occur during repair operations that use mesh,
and in the world literature, the number of infections was found to
be 5–30% for laparoscopic surgeries and up to 34% for surgeries
using a classical access method [12]. The frequency of infection
has been reported to be at different levels in the available litera-
ture. Yerdel and colleagues reported four infectious complications
among 280 patients undergoing inguinal hernia repair (1.4 %); in
three patients, it was necessary to remove the infected mesh [13].
Other authors have reported results of up to 12.6 % for polypro-
pylene mesh and Mersilene among a group of 63 patients under-
going surgery for a incisional hernia [14].

Because of the risk of an infection that results in the need for
implant removal, some authors are proposing to use the proto-
cols used in major orthopaedic surgery to prevent the infection
of the synthetic material [15]. These activities include the
proper cleaning of the operating field, frequent changes of
gloves and no double-patient occupancy. In addition, many
studies recommend the use of prophylactic antibiotics in each
hernia surgery using a mesh implant [16]. However, this point
of view has not been confirmed in meta-analysis [17].

The solution to the problem of persistent infection in synthetic
materials in recent decades was to introduce biological meshes.
The material consists of a collagen matrix that is inert and, while
the material is undergoing remodelling, is resistant to infection.
Clinical experimentation has demonstrated the possibility of
using these implants in a contaminated operating field [18, 19].
However, the assumption that the matrix is replaced by the
tissue of a patient raises a fundamental question. It has been

Fig. 1 Granuloma formation on the surface of peritoneum

Fig. 2 Mesh adhesions to the bowel loops or to the omentum

Fig. 3 Formation of the organised abscesses

Table 1 Summarises the aggregate results

Group Mesh cultivation Infection in
other bacterial
cultures

Control group—flat
mesh + saline (group B)

0/10 2/10

Flat mesh + bacteria (group C) 1/10** 2/10

Rolled mesh + bacteria (group D) 7/10** 4/10

**p=0.0198
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proven that the hernia is a symptomatic disease of the connec-
tive tissue based on genetic mutations [20]. Replacement of the
collagen implant by the defective collagen matrix of the patient
may lead to a recurrence of the hernia. A recently conducted,
multicentre trial, LAPSIS [21], confirms these suppositions, as
do the studies published by Blatnik [22] and Gupte [23].
Therefore, it may be that biological implants grafted to the
infected or contaminated surgical site are only an interim solu-
tion to the problem [24]. Furthermore, many authors have noted
that there is little evidence supporting the safety of biologic
grafts in a contaminated or infected field [24].

A persistent inflammatory reaction to a synthetic implant is
related to the formation of a bacterial biofilm. This was initially
described byDarouiche [25]. In the study, the authors noted that
insufficient healing of themesh to the host tissues is caused by a
biofilm [26]. Mesh implantation, which should be treated as the
introduction of a foreign body, initiates a sequence of inflam-
mation events that begins with an acute inflammatory reaction
and ends with the process of chronic adhesion [27, 28]. This
process can last many years and takes the form of a subclinical
process manifesting as a minor ailments of pain [27, 29]. It has
also been shown that the polyfilament implants cause a much
greater immune response than the monofilament mesh and, in
accordance with the exposed surface of the material, favour the
formation of a bacterial biofilm [27, 30, 31].

Another important factor is the pore size of the mesh. The
importance of pore size is based on the assumption that bacteria
penetrate freely through the microporous mesh (pores less than
10 μm). For macrophages, the micropores act as a filter that
prevents effective phagocytosis [32]. The conclusion of Falgas’
study led to the introduction of a monofilament lightweight
mesh containing less polypropylene into broad surgical practice
[33]. Recently published papers by Sanders [34] and
Deerenberg [35] are showing that low prosthetic load materials,
i.e., lightweight meshes with large pores, may be beneficial.
Certain permanent synthetic meshes might be somewhat
infection-resistant and therefore useful for permanent hernia
repair in a contaminated environment. The presented results
of this study seem to prove the advantages of macroporous
mesh when used in clean-contaminated or contaminated field.

The authors speculate that the structure of the mesh allows
for healing of the infection in the present experimental model.
There was no persistent inflammation in the contaminated
field when the mesh was properly implanted, i.e., spread flat
to create a more favourable condition for the penetration of the
immune system. Bending or folding the mesh resulted in the
creation of dense texture “dead spaces”, making it difficult for
immune cells to penetrate and leading to the persistence of the
inflammatory process. This observation confirms the clinical
findings of persistent abscesses and fluid reservoirs on
explanted prostheses [36] and leads to the conclusion that
many infections that are related to synthetic materials may
be the result of a poor surgical technique.

The above study results, in the opinion of the authors,
reinforce the view of the need for further clinical trials over
a longer period of observation using the macropore monofil-
ament meshes in a contaminated operative field as a valuable
alternative to biological implants of unconfirmed value. It is
also important to pay attention to the surgical technique,
which can cause long-term infectious complications and even
result in the need to remove the implants.

Conclusions

A synthetic implant (monofilament macroporous) correctly
placed in the operative field does not affect the normal healing
process and the persistence of bacterial peritonitis in an ex-
perimental model. Inadequate surgical technique, poor posi-
tioning of the mesh resulting in rolling or corrugations, may
favour the persistence of infection and sometimes lead to the
need to explant the grid; thus, this potentially important factor
requires attention to avoid a poor outcome.

Conflicts of interest The authors declare no conflict of interest.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Burger JWA et al (2004) Long-term follow-up of a randomized
controlled trial of suture versus mesh repair of incisional hernia.
Ann Surg 240:578–583, discussion 583–5

2. Buinewicz B, Rosen B (2004) Acellular cadaveric dermis
(AlloDerm): a new alternative for abdominal hernia repair. Ann
Plast Surg 52:188–194

3. Peppas G, Gkegkes ID, Makris MC, Falagas ME (2010) Biological
mesh in hernia repair, abdominal wall defects, and reconstruction and
treatment of pelvic organ prolapse: a review of the clinical evidence.
Am Surg 76:1290–1299

4. Szczerba SR, Dumanian GA (2003) Definitive surgical treatment of
infected or exposed ventral hernia mesh. Ann Surg 237:437–441

5. Luijendijk RWet al (2000) A comparison of suture repair with mesh
repair for incisional hernia. N Engl J Med 343:392–398

6. Petersen S, Henke G, Freitag M, Faulhaber A, Ludwig K (2001)
Deep prosthesis infection in incisional hernia repair: predictive fac-
tors and clinical outcome. Eur J Surg 167:453–457

7. Moon V, Chaudry GA, Choy C, Ferzli GS (2004) Mesh infection in
the era of laparoscopy. J Laparoendosc Adv Surg Tech A 14:349–352

8. Choi JJ et al (2012) Use of mesh during ventral hernia repair in clean-
contaminated and contaminated cases: outcomes of 33,832 cases.
Ann Surg 255:176–180

9. Bosscha K et al (2000) A standardised and reproducible model of
intraabdominal infection and abscess formation in rats. Eur J Surg
166:963–967

876 Langenbecks Arch Surg (2014) 399:873–877



10. Katsikogianni M, Missirlis YF (2004) Concise review of mecha-
nisms of bacterial adhesion to biomaterials and of techniques used
in estimating bacteria-material interactions. Eur Cell Mater 8:37–57

11. Klinge U, Klosterhalfen B (2012) Modified classification of surgical
meshes for hernia repair based on the analyses of 1,000 explanted
meshes. Hernia 16:251–258

12. LeBlanc KA (2004) Laparoscopic incisional and ventral hernia re-
pair: complications-how to avoid and handle. Hernia J Hernias
Abdom Wall Surg 8:323–331

13. Yerdel MA et al (2001) Effect of single-dose prophylactic ampicillin
and sulbactam on wound infection after tension-free inguinal hernia
repair with polypropylene mesh: the randomized, double-blind, pro-
spective trial. Ann Surg 233:26–33

14. Gilbert A, Graham M (1997) Infected grafts of incisional
hernioplasties. Hernia 77–78:1–5

15. Deysine M (2004) Post mesh herniorrhaphy infection control: are we
doing all we can? Hernia J Hernias Abdom Wall Surg 8:90–91

16. Perez AR, Roxas MF, Hilvano SS (2005) A randomized, double-
blind, placebo-controlled trial to determine effectiveness of antibiotic
prophylaxis for tension-free mesh herniorrhaphy. J Am Coll Surg
200:393–397, discussion 397–8

17. Aufenacker TJ, Koelemay MJW, Gouma DJ, Simons MP (2006)
Systematic review andmeta-analysis of the effectiveness of antibiotic
prophylaxis in prevention of wound infection after mesh repair of
abdominal wall hernia. Br J Surg 93:5–10

18. Parra MW, Rodas EB, Niravel AA (2011) Laparoscopic repair of
potentially contaminated abdominal ventral hernias using a xeno-
graft: a case series. Hernia J Hernias Abdom Wall Surg 15:575–578

19. Franklin ME Jr et al (2008) The use of porcine small intestinal
submucosa as a prosthetic material for laparoscopic hernia repair in
infected and potentially contaminated fields: long-term follow-up.
Surg Endosc 22:1941–1946

20. Bendavid R (2004) The unified theory of hernia formation. Hernia J
Hernias Abdom Wall Surg 8:171–176

21. Miserez M et al (2010) Closure of the LAPSIS trial. Br J Surg 97:
1598

22. Blatnik J, Jin J, Rosen M (2008) Abdominal hernia repair with
bridging acellular dermal matrix—an expensive hernia sac. Am J
Surg 196:47–50

23. Gupta A, Zahriya K, Mullens PL, Salmassi S, Keshishian A (2006)
Ventral herniorrhaphy: experience with two different biosynthetic

mesh materials, Surgisis and Alloderm. Hernia J Hernias Abdom
Wall Surg 10:419–425

24. Harth KC, Rosen MJ (2009) Major complications associated with
xenograft biologic mesh implantation in abdominal wall reconstruc-
tion. Surg Innov 16:324–329

25. Darouiche RO (2004) Treatment of infections associated with surgi-
cal implants. N Engl J Med 350:1422–1429

26. Bellón JM, García-Carranza A, García-Honduvilla N, Carrera-San
Martín A, Buján J (2004) Tissue integration and biomechanical
behaviour of contaminated experimental polypropylene and expand-
ed polytetrafluoroethylene implants. Br J Surg 91:489–494

27. Klinge U et al (2002) Impact of polymer pore size on the interface
scar formation in a rat model. J Surg Res 103:208–214

28. Greca FH et al (2001) The influence of differing pore sizes on the
biocompatibility of two polypropylene meshes in the repair of ab-
dominal defects. Experimental study in dogs. Hernia J Hernias
Abdom Wall Surg 5:59–64

29. Junge K et al (2005) Gentamicin supplementation of
polyvinylidenfluoride mesh materials for infection prophylaxis.
Biomaterials 26:787–793

30. Conze J et al (2004) Polypropylene in the intra-abdominal position:
influence of pore size and surface area. Hernia J Hernias AbdomWall
Surg 8:365–372

31. Schachtrupp A et al (2003) Individual inflammatory response
of human blood monocytes to mesh biomaterials. Br J Surg
90:114–120

32. Falagas ME, Kasiakou SK (2005) Mesh-related infections after her-
nia repair surgery. Clin Microbiol Infect 11:3–8

33. Welty G, Klinge U, Klosterhalfen B, Kasperk R, Schumpelick V
(2001) Functional impairment and complaints following incisional
hernia repair with different polypropylene meshes. Hernia J Hernias
Abdom Wall Surg 5:142–147

34. Sanders D, Lambie J, Bond P, Moate R, Steer JA (2013) An in vitro
study assessing the effect of mesh morphology and suture fixation on
bacterial adherence. Hernia 17:779–789

35. Deerenberg EB et al (2012) Experimental study on synthetic and
biological mesh implantation in a contaminated environment. Br J
Surg 99:1734–1741

36. Petter-Puchner AH et al (2006) Adverse effects of porcine small
intestine submucosa implants in experimental ventral hernia repair.
Surg Endosc 20:942–946

Langenbecks Arch Surg (2014) 399:873–877 877


	Effects of macroporous monofilament mesh on infection in a contaminated field
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	The study protocol
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


