
ORIGINAL ARTICLE

Antibiotic embedded absorbable prosthesis for prevention
of surgical mesh infection: experimental study in rats
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Abstract

Introduction Ventral hernias are a common problem in a

general surgery and hernioplasty is an integral part of a

general surgeon’s practice. The use of prosthetic material

has drastically reduced the risk of recurrence, but has

introduced additional potential complications such as sur-

gical wound infections, adhesion formation, graft rejection,

etc. The development of a wound infection in a hernia that

is repaired with a prosthetic material is a grave complica-

tion, often requiring removal of the prosthesis. This

experimental study examined efficacy of completely

absorbable, hydrophilic, PGA–TMC (polyglycolic acid–

trimethylene carbonate) prosthesis impregnated with anti-

biotic for reduction of infectious complications.

Methods Antibiotic-impregnated PGA–TMC prostheses

were placed intraperitoneally in 90 Wistar white rats that

were randomized and distributed into four groups. Group 0

(23 rats): there were placed PGA–TMC prosthesis without

antibiotic impregnation (control group). Group 1 (25 rats):

meshes were placed and infected later with 1 9 108 UFC

of S. aureus/1 ml/2 cm2 (Staphylococcus aureus ATCC

6538 American Type Culture Collection, Rockville, MD).

Group 2 (21 rats): cefazolin-impregnated prostheses were

placed (1 g 9 100 ml, at the rate of 1 ml/cm2 of prosthe-

sis) and were subsequently infected with the same bacterial

inoculate. Group 3 (21 rats): cefazolin-impregnated pros-

theses with double quantity of cefazolin and infected. A

week later these animals were killed and specimens were

extracted for bacterial quantification and histological

studies.

Results Evident decrease of bacterial colonization was

observed in series 2 and 3 [the ones impregnated with

cefazolin, in comparison with the group 1 (infected without

previous antibiotic impregnation)] with statistically sig-

nificant results (p \ 0.00). Results were really positive

when the antibiotic solution had been applied to the mesh.

There have been formed adherences to the prosthesis when

placing it in contact with intraabdominal viscera. However,

cefazolin impregnation of the mesh has reduced an adhe-

sion formation, mostly when the infection reached a min-

imum, inhibiting the inflammatory answer to the infection

in a prosthetic material.

Conclusion Impregnation of the absorbable hydrophilic

prosthesis PGA–TMC with cefazolin prevents the infection

of the prosthesis placed in infected localization. Therefore,

we think this option should be considered as a new and

useful alternative in case of contaminated and dirty surgical

fields or when a replacement of the prosthesis is required.
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Introduction

Hernia disease has an important economic impact. Despite

being considered a trivial disease, it represents a huge

social cost.

The goal of surgeons is to be able to offer their patients

the best treatment. In hernia surgery, one of the main

concerns to be considered is surgical wound infection,

particularly those related to the prosthetic materials. In fact,

nosocomial infections are a growing problem that concerns

all European healthcare systems [1].

An increasing number of hernia repairs are performed

each year in Spain. According to the Spanish Society of

Epidemiology, the rate of surgical infections in Spain is

4.6 %, it means 100,000 new cases per year that

increase the average hospital stay from 7 to 10 days.

Severe cases of infections are commonly related to the

use of surgical implants such as vascular or orthopaedic

prostheses [2].

About 75 % of Spanish hospitals have created units of

infection prevention and control in order to decrease the

rate of surgical infections [2, 3].

Infection is difficult to be treated when the wound

becomes colonized. In fact, this complication occurs in

Spain, with the similar frequency than in the rest of Wes-

tern Europe [1, 2]. Surgeons are aware of this problem,

being implemented different measures to minimize the

impact of infections. However, our experience shows that it

is very difficult to solve this problem. As a consequence of

inadequate use of antibiotics, we have created bacterial

resistance. Surgical infections have a serious clinical and

socioeconomic impact; we have to consider that the cost of

infectious complications management in digestive surgery

has triplicated the total direct cost of the surgery. Fur-

thermore, the economic impact, patients’ quality of life and

waiting lists are usually affected [1, 3].

The ideal prosthesis has not been developed yet, but new

totally or partially absorbable materials, such as PGA–

TMC, are being launched to the market in order to be used

for abdominal wall surgery, especially in contaminated

fields [4, 5].

The use of absorbable materials, such as PGA–TMC,

has already been experimentally tested in inguinal hernia

repair, allowing prosthesis to be impregnated or embedded

with a solution of antibiotics or antiseptics.

Current trends in hernia repair are focussed on the

development of new prosthetic materials which do not need

traumatic fixation, and include substances designed to

stimulate proper healing and to decrease the rate of

infection [5, 6].

We have developed an experimental study in order to

decrease infection and control bacterial colonization at the

site where the prosthesis is implanted. We have

impregnated a totally absorbable mesh with an antibiotic

solution, which would be progressively released at the

surgical site.

Method

Material

Ninety Wistar white rats weighing 200–350 g were used as

experimental animals. Each animal was kept in an indi-

vidual cage. The study was conducted with the approval of

the local ethics committee for experimental studies.

The prosthetic material used during the study was a

2 9 2 cm and 0.10 cm thick absorbable mesh made of

67 % trimethylene carbonate polyglycolate and 33 %

(PGA–TMC). Each mesh was impregnated with 4 ml of

cefazolin (1 ml/cm2 of mesh). Meshes were fixed using

sutures made of polypropylene (Prolene 2.0).

The surgical procedure of mesh implantation was per-

formed using a general anaesthesia, intraperitoneal appli-

cation of Ketamine (20 mg/kg).

The inoculum of bacteria used was 1 9 108 UFC of S.

aureus/1 ml/2 cm2 (S. aureus ATCC 6538 American Type

Culture Collection, Rockville, MD).

Method

1. Preliminary ‘‘in vitro’’ studies prior to animal testing:

• The first step was to determine the absorption

capacity of the material, being established in 1 ml/

cm2 (4 ml of cefazolin each mesh).

• The second ‘‘in vitro’’ test was conducted to

determine the ability of the antibiotic-impregnated

prosthesis to inhibit microbial growth. The mesh

was placed in a Petri dish and infected with the

inoculum. No infection was detected in the mesh.

• The third one was conducted using a contaminated

Petri dish with a culture of S. aureus. 24 h later an

antibiotic-impregnated mesh was placed in it.

There was an inhibition of the bacterial growth

around the mesh, and in the mesh.

2. Surgery: under general anaesthesia, animals underwent

a midline laparotomy placing intraperitoneally

2 9 2 cm mesh, it was fixed to the fascia using a

nonabsorbable suture. All animals were killed 7 days

later, analysing macroscopic findings and removing the

anterior abdominal wall for microbiological and his-

tological study in order to check microbial growth and

the pathological changes developed during the healing

process in the different groups (Fig. 1).
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3. Groups: animals were distributed into four randomized

groups:

• Group 0 (23 animals), PGA–TMC prosthesis was

implanted as a control group.

• Group 1 (25 animals), PGA–TMC prosthesis with

the bacterial inoculum was placed.

• Group 2 (21 animals), antibiotic-impregnated

PGA–TMC prosthesis with cefazolin and the

bacterial inoculum were placed.

• Group 3 (21 animals), antibiotic-impregnated

PGA–TMC prosthesis with double concentration

of cefazolin and the bacterial inoculum were

implanted.

4. Macroscopic and histological study of implants:

• Macroscopic findings of the skin. Wound and

meshes were analysed, identifying the rate of

adhesions to the mesh. The scale used was: [7]

grade 0, no adhesion; grade 1 (soft), extremely

labile adhesions; grade 2 (medium), adhesions

more firm, but removable with blunt dissection;

grade 3 (hard), firm adherence removable only with

sharp instruments.

• Histological study: hematoxylin–eosin was used to

examine the specimens. Two sections were made in

each piece.

5. Microbiology: the procedure to quantitate bacterial

culture was performed by placing the specimens in a

glass homogenizer with 1 ml of saline and seeding

them subsequently on the blood agar. The plates were

incubated at 37 �C for 24 h, whereupon the number of

colony grown units per gram of tissue was assessed.

6. Statistical analysis of samples: statistical analysis was

performed using SPSS 14.0 software. For the analysis

of the samples we used the nonparametric test:

Wilcoxon, Kruskal–Wallis test for independent

samples and Friedman test for paired samples. Statis-

tical significance was p \ 0.05.

Results

No recurrences were found in any of the groups. Although

meshes were absorbed in nearly 50 % of the original size,

the remaining fragments of the prosthesis showed no

shrinkage.

Macroscopic findings and histological study (Table 1;

Fig. 2)

– Group 0

• Two animals died (2/23) in the first six postoper-

ative hours due to problems related to the general

anaesthesia.

• Five others showed macroscopic signs of active

infection, tested with positive microbiological cul-

tures. (5/21 alive animals).

• 10 out of those 21 rats showed intraperitoneal

adhesions to the mesh (3/10 showed firm

adhesions).

Histology: the inflammatory reaction to the mesh did not

show special inflammatory parameters as of cells distri-

bution. A foreign body reaction with high macrophage

component without abscesses or necrosis was present in the

specimens.

– Group 1: In group 1 (contaminated mesh), among the

results are:

• Three animals died in the first four postoperative

hours due to problems related to the general

anaesthesia. (3 animals/25).

• All meshes showed macroscopic sings of infection

(22 animals).

Fig. 1 Surgery Methodology: a impregnation of the mesh with Cefazolin. b Hernioplasty. c contamination with S. aureus
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• This group showed adhesions in all cases (22

animals), being 12 of them qualified as grade 3.

Histology: there was a severe reaction to the mesh with

a global infection, abscesses and necrosis in the specimens.

– Group 2

• None of the animals died during the study.

• A clear reduction of the rate of infected meshes was

found. Infection was only detected in four animals

(even less than in group 0, control group).

• Intraperitoneal adhesions to the mesh were found in

12 animals (12/21), with similar distribution in the

quality of them (mild, medium or strong).

Macroscopic findings; we can observe a trend towards

reduction of mesh infection in this group and as well a

decrease in adhesion to the mesh.

Histology: there was a reduction in the inflammatory

parameters (necrosis, abscesses, macrophage, etc.) and a

partial reabsorption of the mesh.

– Group 3

• None of the animals died during the study.

• There was no macroscopic mesh infection in rats of

this group.

• Only three rats had developed adhesions (3/21),

mild in two cases and strong in the other.

Histological findings show a normal distribution of the

inflammatory cells (very similar to the Group 0), with

normal incorporation of the biomaterial to the tissues of the

rats.

Infection

The amount of bacteria (number of bacteria CFU 9 104/g

of tissue) has been expressed in correction with decimal

logarithms (number of grown colonies)/ml. Infection is

considered if the number of bacteria (CFU 9 104) in the

specimens is larger than 80–100/g of tissue (Fig. 3).

– Group 0: average: 2.3988. Median (50 percentile): 0.

– Group 1: average: 6.2918 (213,4737 without the

logarithmic correction). Median (50 percentile):

6.2695.

– Group 2: average: 4.0889 (91,2000 without the loga-

rithmic correction). Median (50 percentile): 5.5851.

– Group 3: average: 3.3426 median (39,6500 without the

logarithmic correction). Median (50 percentile):

5.1034.

The statistical analysis of the result shows:

– Group 0 vs group 1: there are significant differences

between these two groups (p \ 0’000).

– Group 0 vs group 2: there are also significant differ-

ences (p \ 0.05).

– Group 0 vs group 3: no statistical difference was found

(p [ 0.1).

– Group 1 vs group 2: there is statistical difference

(p \ 0.000) between both groups.

Table 1 Macroscopic Results

in the groups

190 Hernia (2015) 19:187–194

123



– Group 1 vs group 3: there is statistical difference

(p \ 0’000).

– Group 2 vs group 3: when we compared the antibiotic-

impregnated mesh and the one with double amount of

antibiotics no significance was found.

Adhesions to the mesh (Table 1)

– Group 0: 10/21 (47.61 %) animals with adhesions (2

mild, 2 medium, 6 severe).

– Group 1: 19/22 (86.36 %) animals with adhesions (3

mild, 4 medium, 12 severe).

– Group 2: 12/21 (57.14 %) animals with adhesions (3

mild, 4 medium, 5 severe).

– Group 3: 3/21 (14.28 %) animals with adhesions (2

mild, 1 severe).

There was observed an important reaction to the mesh

infection, what was shown by an increase of adhesion

formation and its severity. Antibiotics protect from infec-

tion and therefore from adhesions in number and quality.

A statistical analysis of the adhesions shows that the

difference between groups 0 and 1 was no statistically

significant result (figures in the group 1 were smaller than

the group 2, but with no significant differences in statistical

Fig. 2 Macroscopic view of the skin, the mesh, and the pathology of

the explant. Group 0 normal skin, no infection and normal inflam-

matory cell. Group 1 infected wound, infection of the mesh, strong

cluster of bacteria and inflammatory response. Group 2 normal skin,

no infection and correct pathology. Group 3 normal skin, normal

mesh and normal inflammatory response
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tests). In the comparison between groups 2 and 1, and

groups 3 and 1 there were statistically significant differ-

ences (p \ 0.001), therefore, with decreasing mesh infec-

tion, also decreased the number of adhesions.

Discussion

The surgical site infections represent approximately 40 %

of all nosocomial infections according to the study per-

formed by the Institute for Healthcare Improvement (IHI).

Nearly 3 % of patients undergoing surgery develop a sur-

gical infection, which prolongs hospitalization and

increases economic costs. These infections take on a spe-

cial character when it comes to prosthetic surgery, and

denote us that material acts as a vector for bacteria [8].

The magnitude of the problem of mesh-related infection

has a high cost consequence; Schierholz and Beuth in 2001

analysed the cost of prostheses and graft infection in

patients, which entails an expenditure of 11 million dollars

annually [9].

Taylor et al. [10] recorded up to 20 % of late infections

after hernia repair in a surveying study in British surgeons

(analysis in vivo of the infection and colonization of bio-

prosthesis). Thus, the existence of bacteria does not imply

infection. They conclude their work stating their preference

for macroporous and absorbable mesh in order to prevent

infection.

The infection of the abdominal wall prosthesis has been

previously studied both in patients and experimental

models similar to the one developed in our study.

In our experiment, the choice of the microorganism did

not involve difficulties, since S. aureus is primarily

responsible for nosocomial infections, especially in pros-

thetic surgery of the abdominal wall.

Falagas and Kasiakou [11] presented a literature review

to get a better understanding of prosthetic infections in

hernia surgery and their causes, finding that the organisms

associated with cases of infection in the mesh are staphy-

lococci, mainly S. aureus, and Streptococcus spp.

(Including group B streptococci), Gram-negative bacteria

(mainly Enterobacteriaceae), and finally, anaerobic bac-

teria (including Peptostreptococcus spp.).

Ott et al. [12] tested the resistance of current mesh

infection comparing different materials (titanium-coated

polypropylene, polyglycol and pigs subdermal collagen

prosthesis) in rats (n = 96), contaminated with a mixture

of bacteria: E. coli, Enterobacter, Bacteroides, and S.

aureus. It confirms that colonization of the mesh is mainly

caused by S. aureus. The used methodology is similar to

our study, with the same measure and a similar bacterial

inoculum. Bacteria producing biofilms (slime) cause more

infections in prosthetic material (in this case staphylo-

cocci), adhering to the mesh and producing a persistent

infection. All meshes with hard adhesions were infected,

compared with non-contaminated hernioplasty in control

group. This is a significant fact that we found a decrease of

inflammatory cells when the absorbable mesh was used

(p \ 0.01). In this study there is no reference to any

reduction of the infection, but it raises the possibility that

the advance of coated absorbable prostheses and other

materials may be a good way to fight against infections

after having been performed a hernioplasty [12].

The dose of bacterial inoculum used in our study fol-

lowed scientific literature recommendations, and is also

suggested by Bellon, Klinge and other authors who have

experimented on animals using S. aureus or other bacteria.

[13–15].

The microbiological methodology for counting bacteria

in the explants is the standard used in all studies of pros-

thetic infection.

Bellon et al. [14] examines macro- and microscopic

characteristics of polypropylene and PTFE infected with S.

epidermidis and S. aureus in rabbits and found that those

bioprostheses infected with S. aureus showed denuded

areas with exposed filaments in the polypropylene; in

PTFE surface erosion of the prosthesis, necrosis and

haemorrhage were observed.

Another experiment by Klinge et al. was focussed on the

mesh properties. This study compared two meshes, a

monofilament and multifilament (polypropylene, polypro-

pylene with polyglactin composite) each one in terms of

infection with S. aureus in rats (n = 72). It was found that

there was an increment in bacterial adherence to the mul-

tifilament mesh, without active infection (no significant

difference in the macroscopic view of infection). It was

associated with less inflammatory reaction and decreased

response to foreign body in the multifilament mesh. These

Fig. 3 Box-plot (Tukey) graphic of the CFU in the groups
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results explain that bacterial adhesion to foreign depends

on polymer and its surface (lower in the macroporous and

monofilament) [15].

Experimentally, bacterial adhesion can be reduced by

metal salts and antibiotics (tried out with e-PTFE), also

demonstrated with S. aureus [14].

Junge described the incorporation of antimicrobials to

nonabsorbable bioprosthesis, the fluoropolymers (whose

main representative is the PTFE). In a study of infection

caused in a polyvinylidene fluoride mesh (PVDF, polyvi-

nylidenfluoride) with gentamicin incorporated [16], dif-

ferent microorganisms were used in this experiment (S.

aureus, E. coli, S. epidermidis) in 45 rats. It was concluded

that the experience was right, and the addition of antibi-

otics to meshes helps to prevent infection both in vitro and

in vivo, with no significant alterations of integration of the

mesh itself (good biocompatibility, including less inflam-

matory response) [15, 16].

Agalar et al. [17] describes in his experimental article on

polypropylene mesh infection in rats, an experience very

similar to our study. The authors used S. epidermidis in 70

rats to contaminate a normal density polypropylene mesh.

The purpose is to check whether the local application of

antibiotic prevents infection and subsequent intraabdomi-

nal sepsis by spreading microorganisms. They applied

intraperitoneally rifampicin and teicoplanin. Their results

were positive, and supported that applied antibiotics pre-

vented the infection of the meshes [17].

In our results, comparing the group 0 (no infection) with

group 1 (infected mesh), the presence of infection suggests

that despite working according to a meticulous aseptic

technique, meshes are always in risk to be infected.

Absorbable materials resist infection better, but they can

also suffer from this infection [10, 11].

These results reinforce our idea about the advantages of

using an active mesh to release antibiotics in the area where

it is required, because the use of absorbable mesh is not

enough to decrease the infection as shown in the analysis of

van’t Riet et al. [18]. A subsequent comparison of results

between groups with antibiotics (groups 2 and 3) with group

1 corroborates its effectiveness against infection.

We think the use of absorbable mesh for treatment of

surgical site infection is valid, and the incorporation of

antimicrobials is viable as has been demonstrated in our

study and in literature; this experimental experience shows

good outcomes, decreasing the rate of infection after hav-

ing performed hernia repairs.

Conclusion

• This experimental model is valid for the study of

infections in bioprostheses for hernia surgery and its

prevention. Model and technique used are easily

reproducible.

• PGA–TMC implants are absorbable, hydrophilic, main-

tain a constant size, and can be used successfully for the

correction of the hernia defect, no recurrence in any

case detected.

• Bacterial colonies have evidently decreased in number

in the groups 2 and 3, those values are statistically

significant.

• Usually, those implants with a low rate of bacterial

colonization have a lesser amount of adhesions, as

showed by statistically significant differences.

To sum up, we acknowledge the contribution of the anti-

biotics embedded in this new material for preventing

infection of the prosthetic material we use in hernia repair.

These results can be extrapolated to clinical practice, being

especially important in emergency surgery with contami-

nated or dirty surgical fields, and reoperations as a result of

surgical site infection.
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