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Abstract  Incisional hernia is the most common late complication of laparotomy. Prosthetic treatment resulted in a 
remarkable improvement in surgical outcomes by reducing drastically the rate of reccurence and increasing quality 
of life. Insertion of synthetic prostheses is encumbered by a relatively high rate of complications of which the most 
common is infection. Chronic infection requires removal of mesh as radical therapeutic measure. Based on the 
literature review, the article presents, the main mechanisms of chronic infection and the main reasons for removal of 
prosthesis. Specially are analyzed mechanisms in gaining the antibiotic resistance of bacteria in biofilm. Following 
the analysis it can be concluded that once infected prosthesis can not be saved by conservative means. 
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1. Introduction 
Despite the development of minimally invasive surgery 

a large number of diseases (especially traumatic and 
visceral neoplasia) can be solved only by large incisions. 
The most common complication with an incidence 
ranging between 11 and 20% is incisional hernia (IH) and 
also it is the most common cause of reoperation due to 
direct complications, discomfort or low quality of life [1-6]. 

Incisional hernia treatment changed radically with the 
introduction of prosthetic materials. Although there is still 
controversy about the type of prosthesis, its positioning 
and methods of implantation (open or laparoscopic) 
prosthetic reconstruction of the abdominal wall proved to 
be superior in randomized trials compared with other 
repairs [7,8,9,10]. 

Far from being harmless, the burden of such materials 
is bacterial contamination and consecutive infection, 
visceral adhesions and intestinal fistulas. The most 
common complication and the most feared at the same 
time by  the devastating consequences it produces 
(increasing the number of hospitalization days, increased 
direct and indirect costs for diagnosis and treatment, 
multiplying physical and mental suffering of the patient, 
recurrence  or even death) is infection [11,12,13]. 

2. Incidence 
If postinguinal herniorrhaphy infections are usually 

circumscribed to the groin, IH infections constitute a 
major surgical complication that poses a serious challenge 

to both the surgeon and the patient and may end in the 
patient’s death but the real incidence of infection 
including the mesh is quite rare and difficult to establish 
in clinical series. 

Dates are sparing and inaccurate because the incidence 
is changing depending on the personal interpretation of the 
surgeon, by hospital and even with the patient population. 
For the moment there is no valid and accepted 
classification of mesh infection, clinical facts are 
subjectively interpreted and the surgeons tend to 
underestimate infections rates. In a 36 years literature 
study (1966-2002), Sanchez-Montes et al, found 386 
studies reporting incisional hernias series [14]. Of these 
studies, 43.8% were prospective and 34.4% retrospective. 
However, in 22% of these publications, those variables 
were not specified. If it was to talk about mesh infection 
only 32 articles (8,29%) report this. The authors of articles 
on ventral herniorrhaphy did not define or classify the 
infections encountered. Most of the studies (81%) were 
reported between 1990 and 2000. 

In another review of the literature from 2003 to 2008, 
on series larger than 100 cases, Lammers et al found a 
wound infection rate ranging from 0,3% to 21,5% [13]. 
This large variation make data impossible to adjust to a 
clinical conclusion. In the same study the rate of mesh 
infection is mentioned only in 4 of the 8 studies with a 
rate of 0,3 to 2%; mesh removal is noted in only 1 study. 

Mesh infection can follow either open or laparoscopic 
IH repair. The reported incidence after open repair ranges 
from 6%–10% [15,16,17], whereas that after laparoscopic 
repairs is lower, from 0–3.6% (18). A mesh infection rate 
as low as 0.78% (45/6,266) after laparoscopic IH repair 
was published in a systematic review by Carlson et al. 
Twenty-eight of the 45 patients (56%) with mesh infection 
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required re-operation, and such infections were the third 
leading cause of re-operation [20]. 

Initial evolution of the prosthetic infections is acute 
onset being 9-12 days after surgery and apparently is the 
most well known and studied. It is caused by free floating 
bacteria (planktonic form) that growth like individual 
organism that can be easily isolated and identified in 
culture. The answer to the antibiotic and host defense 
mechanisms is extremely favorable [14]. 

Untreated acute infections and / or incomplete / 
incorrect treated with antibiotics, percutaneous drainage or 
dressing become chronic infection with a specific pattern 
generated by phenotypic change of bacteria lifestyle to 
sessile growth which  is the predominant form of life on 
surfaces [22]. Sometimes chronic infection reactivation 
occurs without a history of outbreaks of infectious or 
unknown septic outstanding from previous interventions. 
Clinically, chronic infection occurs late after discharge 
(months even years) and is slowly corrugated evolving, In 
variable proportions wound dehiscence is present  but 
there is no tissue necrosis because sessile bacterial 
phenotype do not secrete increased amounts of proteases 
and lysine. Antibiotic therapy is ineffective due to the 
presence of biofilm on the surface of the wound [23]. 
Jezupovs and Cobb, on open IH repairs with 
polypropylene mesh, reported presentations of infection at 
an average of 11.3 months (range 2.5–18 months) and 
10.9 months, respectively (15,24). This has been 
substantiated by a recent VA study of 55 mesh removals, 

revealing a median time to explantation of 224 days. 
Klosterhalfen and Klinge, on a large series of 623 
explanted meshes reported that in case of infection, the 
meshes have been explanted after 241/214 month (class 1) 
or 211/219 month (class 2) [25]. 

3. Risk Factors for Mesh Infection 
Despite major advances in the management of patients 

undergoing surgery–including aseptic technique, 
prophylactic antibiotics, and advances in surgical 
approaches such as laparoscopic surgery–surgical wound 
infection remains among the most common complications 
of surgery. A growing body of literature supports the 
concept that patient factors are a major determinant of 
wound outcome following surgery. Comorbidities such as 
diabetes and cardiac disease clearly contribute, but 
environmental stressors as well as the individual’s 
response to stress are equally important. Recently, Fischer 
et al, report a validated risk model of surgical site 
occurrence (SSO) in open repair of IH [26]. Breakdown of 
risk factors for wound complications is represented in 
Table 1. Applying the SSO score the total risk ranges from 
0 to 28 and the associated rate of wound morbidity varied 
from < 1 to 44,4%. From the study, patient related factors, 
aside from morbid obesity were uniformly low or 
intermediate predictors while operative factors 
predominated as moderate and severe. 

Table 1 
Risk grouping Risk factor Risk score 

Mild (+1) 

diabetes 1 
COPD 1 

Class 1 obesity 1 
Age 45-64 1 

Intraabdominal procedure 1 

Intermediate (+2) 

Smoking 2 
ASA>2 2 

Panniculectomy 2 
Clean-contaminated wound 2 

Low albumin 2 
Age<45 2 

Partially dependent functional status 2 
Operative time 43-71 min 2 

Moderate (+3) 

Totally dependent functional status 3 
Inpatient operation 3 

Class 3 obesity 3 
Component separation 3 

Severe (+4 or more) 

Contaminated wound 4 
Operative time (71-117min) 4 

Dirty/infected wound 5 
Operative time > 118 min 6 

Using new techniques and new materials it is quite 
impossible to define detailed risk factors for wound and 
mesh infection that are related to each procedure and each 
material. In an analysis of mesh infection lighter meshes 
carry a lower risk of infection than heavier meshes (from 
119 extruded meshes for infection only 21 were light 
meshes) [25]. Meshes overall surface is a risk factor for 
infection, meshes larger than 200cm2  are 3 times more 
exposed to infection than smaller ones [27]. A greater total 
surface area of mesh, such as in multi-filament-based 

products, carries a theoretically higher risk of bacterial 
adherence than does monofilament-based mesh, as 
suggested by studies comparing multi-filament with 
monofilament sutures [27]. 

Need for removal of PP mesh is infrequent after 
infection.  This could be attributed to the fact that a PP 
mesh becomes incorporated into the anterior abdominal 
wall with neovascularization within two weeks of 
implantation, allowing leukocytes and macrophages to 
gain access to the local microenvironment [28]. 
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4. Bacterial biofilm 
The pathogenesis of biomaterial-associated infections is 

a complex process involving interactions between variable 
factors: bacterial virulence, surface physicochemical 
properties of prosthetic and alterations in host defense 
mechanisms. The result of this interaction is the formation 
of bacterial biofilm, a developmental switching on abiotic 
surface genetically conditioned as close to the surface 
bacteria meets environmental conditions different from 
those in the liquid phase leading to altered gene 
expression [29,30,31]. Structurally 15% of the biofilm is 
cells and 85% the matrix [32,33,34,35,36]. The cells form 
microcolonies which is the structural unit of the biofilm 
that develops within  physiological interactions. From the 
clinical point of view this structural feature has great 
impact on the evolution of chronic infection as individual 
microcolonies tend to break and / or detach presenting a 
serious risk of remote embolization or colonization with 
increased resistance sessile cells [34]. 

Mucopolysaccharides matrix (gel, slime) is secreted by 
microorganisms after attaching the substrate. Glicocalix is 
made up of water and a compound consisting 
predominantly of anionic polysaccharides, nucleic acids, 
proteins and lipids [37]. Each constituent has specific 
functions in maintaining the integrity of bacterial 
physiology and anatomy. Its structure depends on the 
location, nature of constituent organisms, nutrient 
concentration and physico-chemical factors. The structure 
formed by a bacterial species can have various shapes and 
sizes depending on the processes regulated by bacteria and 
processes regulated by natural forces [38]. Once formed, 
the structure of the biofilm is highly visco-elastic allowing 
bacteria to survive mechanical stress. The biofilm is a 
special ecological structure in which there is a high 
biological and chemical heterogeneity. This is related to 
the nutrients, oxygen and metabolic products 
concentration gradients as well as microorganisms with 
different rates of metabolic activity and growth. Cells 
localized in the surface layers have access to nutrients and 
oxygen while bacteria in depth face a hostile environment 
in which the concentration of metabolites is higher than 
that of nutrients [39]. In the deeper layers bacterias are in 
a dormant state with an extremely low growth rate and 
metabolism [40]. 

Protein synthesis occurs in the corresponding layer of 
aerobic biofilm a relatively narrow area measuring 
approximately 30-60 μ. Heterogeneous protein synthesis 
activity is the result of oxygen limitation in the biofilm, 
the penetration of which is similar to the activity of the 
protein as demonstrated by staining with fluorescein  
green [39]. 

At this moment there are no clinical and biological data 
to identify the relative risk of biofilm formation on the 
mesh surface. It is to believe that biofilm is a consequence 
of  a long contact of meshes with low infected bacterias in 
the presence of some patient risk factors. 

5. Pathogens 
Generally, in the biofilm bacterial population is single 

species. Recent studies have shown, however, both in vivo 
and in vitro that there is a mixture of bacteria and / or 

fungi [32,41]. Bacteria that shows biofilm growth strategy 
present molecular mechanisms for the recruitment of other 
bacteria of the same species or other species probably in 
order to increase their survival [41]. Moreover in 
Pseudomonas aeruginosa and Staphylococcus aureus 
monospecies biofilms selection of sub-population variants 
with increased virulence and resistance is promoted by 
genetic plasticity mechanisms (mutability and 
recombination). Sometimes, microorganisms do not have 
all the genes necessary so that the effect of recombination 
occurs with the formation of groups of pathogenic 
functional gene equivalent 

The most common bacterial strains are the Staphylococcus 
aureus and epidermidis, group B Streptococcus and 
Gram-negative bacteria (Enterobacteriacee) [42,44]. 
Rarely fungi (Candida spp) or mycobacteria can colonize 
prosthetic wound. A particular form that raises special 
problems of treatment is meticilinoresistent staph infection 
(MRSA). Generally they are low virulence germs but 
rapidly adhere to prosthetic surface, producing colonies 
and biofilms difficult to eradicate without removing the 
prosthesis. Both St. aureus and epidermidis are cutaneous 
commensals having a large and fast gateway for prosthetic 
contamination. St aureus produce adhesive components 
(Polysaccharide Intercellular Adhesin - PIA; Biofilm 
Associated Protein - BAP and others) that allow bacteria 
to rapidly bind prosthetic conditioned surface [44]. 
Undisputed leader in the production of prosthetic 
infections is St. epidermidis. Due to the ability to form 
stable biofilms its eradication is difficult. It has high 
adhesion because of the synthesis of Associated 
Accumulation Proteins (AAP)  localized on the  bacterial 
wall  and of a giant Extracellular Matrix Binding- Protein 
(EMBP) [45]. 

Pseudomonas aeruginosa preferentially increase as 
biofilm. Manifests high gene expression characterized by 
increasing gene activity up to 300 times [29]. Biofilm 
contains alginates whose production is controlled by gene 
algC but also by environmental factors (limiting nitrogen 
intake, increased osmolarity, high blood pressure oxygen). 

An important role in E. coli biofilm formation it is the 
developing of cell surface appendages: flagella, pili and 
other adherent outer membrane [35]. One third of the 
bacterial genome is involved in biofilm maturation and 
more than half of these genes are specific. 15% of the 
genes identified as overexpressed or repressed in biofilms 
exponential growth phase are involved in carbohydrate 
metabolism and energy processes. There are genes 
expressed by 2 to 8 times compared with planktonic forms 
[35]. 

6. Substrate 
The concept of using synthetic meshes began with the 

introduction into clinical practice of polypropylene in 
1958 [45]. Since then reconstruction of abdominal wall 
defects using synthetic mesh became standard especially 
for incisional hernia and was imposed due to the drastic 
reduction in the recurrence rate. The number of synthetic 
meshes has grown exponentially by time and includes a 
variety of shapes, sizes and structural types. From the 
multitude of materials used the concept of ideal mesh has 
not found yet because each has advantages and 
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disadvantages. All these varieties continue to use one of 
three basic materials, alone or in combination: 
polypropylene (PP), polyester (PE) or poly-tetrafluoro-
ethylene (PTFE). 

The most commonly used prostheses are those of PP 
with significant changes in recent years, most with small 
pores. PP is a stable, non-degradable with acceptable 
biocompatibility polymer. PE shows excellent 
biocompatibility but histologically marked physical 
instability, resulting in degradation and fracture years after 
implantation. PTFE shows a good biocompatibility but 
tissue integration is difficult because ultramicroporous 
structure [47]. 

Whatever the nature of the polymer, the method of 
manufacturing (braided or woven), or surface porosity 
prosthetic meshes are inevitably subjected to the risk of 
infection. But everything according to these parameters, 
the behavior before the infection is different and this has 
practical importance in the management of this 
complication. Bacterial adhesion is directly proportional 
to the surface of the prosthesis, hydrophobicity, pores size. 
Add to address those physical configuration (flat or rough) 
and electric charge [12,48,49]. Adherence is low on 
surfaces with negative electric charge (poly-tetrafluoro-
ethylene) and those with high positive charge. Porous 
materials have a high affinity for bacteria as opposed to 
dense plaques of poly-tetrafluoro-ethylene. Adhesion 
increases to woven materials, (polypropylene, polyester) 
due to increased contact surface. Despite flat PTFE plates 
it can be colonized if the surface presents grooves or 
striations with similar size with bacteria. These conditions 
increase the contact area and exploiting the full binding 
potential [50]. This mechanism of infection is more  
common in composite meshes (PTFE + PP) where due to 
contraction of the two different layers they tend to be 
susceptible to misalignment forming a dead space 
susceptible to infection [12]. 

Prosthesic pore size is an objective factor for protection 
against infection. When the pores or interstices between 
the filaments are less than 10 μ in each of the three 
dimensions, bacteria with a diameter of 1μ are easily 
enclosed at this level. Neutrophils and macrophages that 
have 10-15 μ in size can not penetrate the mesh network 
and therefore bacterial growth is favored [51]. 
Hydrophobic surfaces (PP, PE) prevent colonization 
because germs, mosttly hydrophobic tend to have poor 
adherence in these circumstances [52]. Prolonged 
exposure to bacteria increases adherence. Stranded meshes 
(PP, PE) are more frequently exposed to biofilm formation 
due to larger surface compared to monofilament ones  
because of the interfibrilar niches that can be adaptive 
zone of  bacterial diameter and increase the degree of 
germs adhesion. 

7. Body Reaction to Prosthetic Infection 
Pathogenesis of biomaterial-associated infections is a 

complex process involving variable factors: bacterial 
virulence, physico-chemical properties of the material and 
alterations in host defense mechanisms [53]. Although 
bacterial inoculum is reduced these infections have high 
infective power, have long evolution and persist until the 
removal of the prosthesis. When do not distal 

embolization, they are limited to tissues immediately in 
contact with prosthesis [54]. The implant itself induces a 
decrease in the reactivity of the organism evidenced by the 
lack of local and systemic response. One of the factors 
that lead to mesh infection is an acquired poly-
morphonuclear phagocytic defect. It involves decreased 
phagocytosis by cell wall modifications to withstand low 
endosomal pH and enzymatic degradation of endosomes. 
Polymorphonuclear (PMN) in this case have  low granules 
content,  low duration of life and oxidative metabolism is 
deficient, as suggested by its intracellular persistence of 
bacteria in macrophages [42]. Due to persistent intra-
cellular germs, tissue macrophages can be survival niches 
for germs (especially for St. epidermidis) around the 
implant which probably explain the late clinic onset of 
chronic infection. 

8. Antibiotic Resistance 
The mechanisms by which this resistance of 100 to 

1000 times greater is installed in sessile forms are 
incompletely known [55]. Theoretically, gaining antibiotics 
and disinfectant resistance is controlled by two main 
mechanisms:. biofilm structure and genetic and metabolic 
status of biofilm associated bacteria. These mechanisms 
work synergistically and with maximum probability are 
mediated by the quorum sensing path which may represent 
the third mechanism of action. Type of antibiotic used 
may itself be a mechanism of installing resistance. 

1. Biofilm structure: the polysaccharidic  extracellular 
matrix by its multilayered structure, is a molecular filter 
and a barrier that prevents and delay  infusion of  biocides 
to target cells. Ito et al have shown that Ampicillin do not 
inhibit bacterial growth in E. coli biofilm when the 
thickness is approximately 42.59 ± 10,48μ so that it 
recovers after 72 hours of incubation [55]. Reducing the 
thickness and the  biofilm bio-volume to 1.48 ± 1.08 μ by 
blowing air cause complete inhibition of its formation by 
Kanamycin and Ofloxacin which proves that a biofilm can 
be easily penetrated when is thinner [55]. 

Limitation of penetration can be achieved by possible 
interactions between biocides and matrix organic 
components (proteins, nucleic acids, carbohydrates) so at 
their structural level occur changes that make impossible 
their mechanism of antibacterial action. Polysaccharides 
of Staphylococcus epidermidis mature glicocalix interfere 
with the action of glycopeptide increasing 5 times the 
minimum inhibitory concentration (MIC) of Vancomycin 
and Teicoplanin [32]. The gel is physically coupled with 
glicopepetides and inactivate them. In mature biofilm of  
Pseudomonas aeruginosa, Coquet et al showed 15 times 
increases the MIC of Tobramycin and 20 times for 
Imipemen compared with planktonic strains [56]. 

Resistance to biocides is different and depending on the 
different stages of evolution and biofilm formation [55]. 
Bacteria in the state of attachment (at 2 hours) and the 
colony-forming stage (24 hours after exposure) do not 
form mature biofilms after 24 hours of treatment with 
Ampicillin. Maturation phase cells formed biofilm in the 
first 72 hours of discontinuing antibiotic. The finding has 
double meaning: clinical and therapeutic. Early antibiotic 
administration during surgery can prevent contamination 
and biofilm formation on prosthetic material if it acts to 
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suppress bacteria in optimal range of 2-24 hours. Once 
formed and matured biofilm antibiotic treatment becomes 
inefficient due to selection of resistant strains, even in a 
favorable initial response. 

Other mechanisms in which biofilm structure acts as a 
mechanical barrier refers to inadequate exposure to 
antimicrobial agents at all loci relevant to infection [57] or 
matrix sequestration of bacteriostatics that acts in synergy 
with profoundly altered host defense mechanisms in the 
presence of prosthetic material . Alkaline substances 
penetrate biofilm weaker due to their ability to react with 
matrix constituents. Biofilms rich in glucose lead to 
increased antibiotic sensitivity [55]. 

Glicocalix extracellular enzymes are able to alter a 
structurally similar antibiotic metabolite and so on they 
can intervene on biocides with known structures. 2'N 
acetyltransferase, which may inactivate bacterial 
peptidoglycans is able to inactivate Gentamicin it has a 
structure similar to the original action of the enzyme 
substrate. Penicillins and ß-lactams derivatives covalently 
binds a specific set of bacterial proteins - Penicillin-
Binding-Proteins (PBP) that are involved in cell wall 
synthesis and formation. ß-lactamases which have the 
structure similar to the PBP, specifically binds the 
antibiotic preventing the destruction of the cell wall. 
Hydrogen peroxide is inactivated by mature Pseudomonas 
aeruginosa biofilm catalase. 

2. Metabolic and genetic cellular status: genomic 
changes are the basis of any evolutionary process; 
likelihood of these events represent the first step in the 
development of resistance control. Due to the preservation 
of genome and avoiding lethal gene mutations bacteria 
tend to have low mutational rates. Modulation frequency 
of mutations is done by gene amplification or by regulated 
increasing of mutational rates [58]. In stress conditions 
imposed by the biofilm lifestyle (basic morphological 
condition of chronic infection) or repeated exposure to 
sublethal doses of antibiotic, bacteria occur frequently 
hypermutation. . The phenomenon begins immediately 
when the cell reaches the surface: genes that encode 
flagelar proteins are repressed and are activated the genes 
encoding the synthesis of matrix structures and adhesive 
proteins. Overall the cells occurs repression of genes that 
control the biosynthesis of cofactors, central intermediary 
metabolism, energy metabolism and that of nucleotids. 
This way explains the decrease in metabolic activity and 
growth during biofilm formation [55]. The response to 
decreasing nutrients and growing stress factors of the 
Gram-negative bacteria is characterized by the synthesis 
of sigma factors. Sigma factors are controled by rpoS gene 
that regulates the transcription of genes whose byproducts 
diminishes the effects of stress [59]. E coli biofilms 
positive for rpoS have an increased number of germs and 
in particular an increased number of viable germs. rpoS 
system represses 33 genes that control energy metabolism 
and flagella system. The level of expression of these genes 
decreases with increasing rpoS level expression [60]. 

In parallel with genetic suppression of metabolic 
pathways are selectively overexpressed others, controlling 
carbon compounds catabolism, regulation of protective 
protein or transport proteins, the synthesis of heat shock 
proteins (HSP), energy metabolism with anaerobic 
respiration and multidrug resistance [55]. 

There are also upregulated genes involved in oxidative 
stress response (catalase and superoxidedismutase) thus 
providing protection against internal and external 
oxidizing agents [61]. This explains its high resistance to 
hydrogen peroxide. 

Another genetically controlled resistance mechanism is 
the multidrug resistance efflux pumps. The pump has a 
tripartite composition: a membrane protein whose activity 
is linked to the membrane proton motive force, an external 
membrane protein and a periplasmatic protein [58]. Efflux 
pump main function is to allow the bacteria to release 
toxic molecules and survive in their presence. In addition 
controls virulence and maintain cell homeostasis. 
Resistance is obtained by mutations leading to constitutive 
expression of these transporters change. 

In multispecies biofilms interactions between species 
can lead to the appearance of specific phenotypes. The 
combination leads to a more viscous secreted matrix that 
is associated with synergistic enzymatic mechanisms 
acting against biological agents (a phenomenon described 
as a complementary enzyme) 

3. Quorum sensing system: it is a form of 
communication by which bacteria monitor their 
population density cell (62). This is achieved by 
producing, releasing, detection and response to low 
concentrations of autosecreting signal molecules that are 
called autoinducers. Controlled quorum sensing behaviors 
only occur when there is a critical mass of bacteria and 
extracellular concentration of autoinducers is correlated 
with population density cell [62]. Quorum sensing system 
allows filling substrate niches, intercellular communication 
and regulation of virulence and colonization factors [63]. 
It also coordinates the entire activity of biofilm resistance 
and what is important to synchronize the alteration of gene 
expression for the entire population cell [36]. 

Quorum sensing systems are different for Gram 
positive in comparison with the Gram negative germs. 

For Gram negative auto-induction signal molecules are 
lactones more precisely acetilhomoserinlactone (AHL) 
[36]. It consists of a homoserinlactonic ring attached to a 
acyl chain. Secretion is controlled by an enzyme Lux. 

9. Treatment Options 
there is no evidence in the literature that chronic 

infected abdominal meshes benefits of adequate  and 
optimal therapeutic measures. The most effective surgical 
treatment is prevention. First of all it is important to 
identify and stratify all patient-related risks and 
compensate them in order to have good outcomes. 
Antibioprophilaxy seems to reduce the rate of infected 
abdominal wall after IH repair but there are not enough 
clinical randomized trials in order to support the 
assumption. Adequate prevention of a biomaterial-
centered infection is therefore aimed at the first contact of 
a microorganism with a biomaterial. Bacterial adhesions 
on the biomaterial depend on the material surface. Mesh 
coated with different precious metals, such as titanium, 
silver, or gold, can successfully reduce bacterial 
attachment 

If the abdomen became infected after IH repair, strategy 
of monotherapy with intravenous antibiotics in cases of 
mesh-related infections has a poor outcome and 



22 Global Journal of Surgery  

 

consequently has no indication because of poor bacterial 
susceptibility to antimicrobial agents [21]. The next step is 
to open the wound as soon as possible and to aggressive 
debride the wound in order to avoid prosthetic infection. 
After necrosectomy, wound debridment and irrigation the 
best therapeutic option is to manage the wound with 
negative wound pressure therapy. The dressing foam will 
be changed every 2-5 days depending on the quantity and 
aspect of the liquids discharged. The results of the therapy 
is a progressive debridment and a soft granulation tissue 
which can lead to wound closure over the mesh [63]. 

Because ultrasound reduces biofilm formation, several 
studies on the effect of ultrasound on bacterial cell growth 
and on the treatment of biomaterial-centered infections 
have been performed. A positive effect of ultrasound in 
addition to treatment with antibiotics has been shown. 
Theoretically, a phenomenon called the bioacoustic effect 
enhances the transportation and penetration of antibiotics 
within the biofilms. The contribution of low-frequency 
and high-intensity ultrasound in the presence of an 
antibiotic agent removes and kills microorganisms [64]. 

A recent study  show that Diclofenac and Ibuprofen 
limit the biofilm formation by the strains of S. aureus and 
E. coli on the surface of monofilament polypropylene 
mesh [65]. The mechanism of NSAIDs impact on biofilm 
formation has not been fully explained. It is considered 
that it shall be connected with inhibition of bacterial 
adhesion Decrease of adhesion and biofilm formation may 
be the result of the inhibiting impact of NSAIDs on 
production of agents which play essential roles in the 
processes and the modification of the surface properties of 
the bacterial cell (reduction of extracellular polysaccharide, 
teichoic acids and proteins by S. epidermidis, change their 
hydrophobicity and inhibit the production of fimbriae by 
E. coli). Another possible explanation for inhibition of 
bacteria biofilm formation by NSAIDs is their impact on 
the process by quorum sensing system of P. aeruginosa 
by means of inhibition of quorum sensing las system. 

10. Conclusions 
Multiple mechanisms by which bacteria from the 

prosthetic surfaces develop antibiotic therapy resistance 
make this treatment ineffective from the beginning. More 
with no means of chemical and / or physical breaking of 
the biofilm, the topical treatment of prosthetic infection 
can ‘t lead to good results. Currently the only way seems 
to solve the problem is to remove the whole infected 
material. The procedure is accompanied by a full suite of 
technical difficulties, risks and postoperative complications. 
The safest measure but therapy is prevention. Which 
unfortunately can not be absolute and overrated! 
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