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A number of issues in diagnosis, treatment, and prevention of purulent and septic complications in implantation of mesh are currently 
very far from being resolved. Patients with acute or chronic inflammatory processes associated with a mesh are of special concern, as this 
situation can completely discredit the possibilities of the abdominal wall reconstruction and the use of synthetic materials for this purpose, 
casting doubt on the accumulated knowledge, experience of the clinic and the surgeons’ qualification.

Hereinafter the most up-to-date and clarified classifications of inflammatory complications are demonstrated. A systemic approach 
to the problem of clear stratification of patients depending on the risk of complication is provided. Differences and controversial opinions 
regarding terminology, latest concepts and definitions in the surgery of abdominal wall hernias are presented.

Possibilities of anticipating potential complications are specified. Identification of a special group of patients with large and complex, 
multiple defects of the abdominal wall is justified. The most effective methods of diagnosing the complications and the results of their 
application are assessed.

The definitions of an acute inflammatory process associated with endoprosthesis implantation and of a chronic paraprosthetic infection 
are given. The modern approaches to treatment including generally accepted methods and controversial opinions are described. Options of 
mesh excision, repeated prosthetic repair of the abdominal wall are presented; successes and failures depending on the chosen strategy 
are shown. The strategy of endoprosthesis saving is grounded; the underlying methods (NPWT — negative pressure wound therapy), 
their benefits and drawbacks are described. The most important areas of prevention of purulent and septic complications in herniology are 
specified.

Technical issues including the comparison of surgical methods, a certain range of techniques that can objectively eliminate the existing 
risks are provided. A specificity of endoprosthesis choice depending on the accumulated findings about mesh material, its manufacturing 
methods and properties is emphasized. The concept of implant prophylaxis is disclosed.
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Introduction

Incisional hernias are a frequent outcome of 
abdominal surgery. Up to 20% of laparotomies result 
in hernias and among high-risk groups of patients the 
frequency of incisional hernia exceeds 35% [1]. Annually 
4–5 millions of laparotomies are performed in the USA 
and they account for about 500 thousand incisional 
hernias [1, 2]. Their frequency in different reviews ranges 
from 3 to 50% [2]. The traditional surgical methods 
based on closing the defect with the patient’s own 
tissues have low effectiveness resulting in up to 63% 
of recurrent hernias [2]. The main method of treating 
these patients was prosthetic repair that could reduce 
this indicator for a three-year period of observation by 
1 to 24% depending on a specific category of patients 
and the applied method of surgery [2]. Possibilities of 

prophylactic mesh implantation to prevent formation of 
hernias are being actively studied [3]. The abdominal 
wall reconstruction is a method of choice in modern 
herniology which has been proved by evidence-based 
medicine [4].

Unfortunately, some patients having undergone 
implantation of mesh have complications. A special 
category of complications is purulent and septic 
complications that have the biggest impact on clinical 
prediction, life quality parameters, long-term surgery 
outcomes, recurrent hernias and the need for repeated 
surgery. Patients with large hernias, chronic infection 
and intestinal fistulas are a group of special concern. 
According to the data of meta-analysis [5], a complex 
abdominal wall reconstruction under conditions of the 
surgical field contamination results in 46% of wound 
complications.
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The flora is usually represented by Staphylococcus 
aureus (including MRSA — methicillin-resistant 
Staphylococcus aureus), Staphylococcus coagulase 
negative, Enterococcus (VRE — vancomycin-resistant 
Enterococci) [6–12], Pseudomonas aeruginosa 
[13], Proteus, Klebsiella [7, 12], Streptococcus beta-
hemolytic, Corynebacterium, Acinetobacter baumannii, 
Escherichia coli [7, 11], in exceptional cases — 
Clostridium perfringens [12] or fungi Candida [6, 14]. 
Development of paraprosthetic infection includes the 
stages of mesh colonization and biofilm formation 
[15, 16]. It is a biofilm variant of infectious process 
development that underlies the difficulties and failures in 
its treatment [6]. The possibilities of antibacterial therapy 
are seriously limited by low penetration of medications 
into the biofilm. Furthermore, minimal suppressing 
concentrations of medications for biofilm forms of 
microorganisms exceed the ones for planktonic forms in 
ten and hundred times [6].

Errors and complications in treating patients with the 
abdominal wall hernias should be given special attention 
[17, 18]. According to the apt words of the leading 
experts, infections in the surgical site are Achilles’ heel 
of absolutely all operations targeted at the abdominal 
wall reconstruction in regard to hernias [19]. A number 
of issues in diagnosis, treatment, and prevention of 
purulent and septic complications in implantation 
of mesh are currently very far from being resolved. 
[20]. It is well-known that frequency of events in the 
surgical site depends on the chosen surgical technique, 
although the authors give different results [21]. The 
category of patients of highest concern is represented 
by the patients with large hernias and acute or chronic 
inflammatory process associated with a previously 
implanted mesh [22].

Surgical treatment of patients with rather large 
hernia defects requires using specific and non-standard 
technical solutions [23]. Such complicated operations 
naturally entail a number of problems. On the other 
hand, inflammatory complications can also develop 
after typical variants of prosthetic repair. The above-
mentioned clinical picture can appear at the most 
inappropriate period of treatment [24]. Negative clinical 
results [25] in certain situation can completely discredit 
the possibilities of the abdominal wall reconstruction and 
the use of synthetic materials, question the accumulated 
knowledge, experience of the clinic and the surgeons’ 
qualification [26–28].

In a number of cases unpleasant consequences 
can be observed in the long-term perspective after 
the operation, in 2–12 years after the operation on 
hernia [12, 29, 30]. For instance, mesh migration from 
the implantation region to the abdominal cavity — the 
complication which is considered to be a severe one 
[31], can be accompanied with the destruction of the 
hollow organ wall [32–34]. In other cases, a purulent 
and septic process developed rather actively and early 
[35, 36]. Patients with large and complicated incisional 

hernias require special attention [22]. According to the 
data of meta-analyses, up to 11% of patients have the 
abdominal wall defects of more than 15 cm long [37]. 
The use of prosthetic repair in this category of patients 
is the only effective solution. Frequency of complications 
in this category ranges from 4 to 100% with the median 
of 32% [37]. Patients with hernias and obesity of degree 
III and IV have postoperative wound complications 
in 14–36% of cases, cardiovascular events in 44–
72.6% and an abdominal compartment syndrome 
in 8.3–30.6% [38]. In some cases surgeons have to 
refuse from implantation of mesh because of a mesh-
associated infection risk [39]. The issue of developing 
a strategy of prevention and treatment of purulent and 
septic complications associated with the abdominal wall 
prosthetic repair is one of the topical ones in abdominal 
surgery and herniology [40].

Classification of complications
There is no unified and generally accepted 

classification of complications of prosthetic repair today. 
The most relevant and essential current classifications 
are the ones by Clavien–Dindo and Accordion [41].

According to Clavien–Dindo Classification, 
complications are divided into 5 classes:

I — deviations from the normal course of 
postoperative period that do not require special therapy 
or intervention, including wound infection treatment;

II — problems requiring infusion/transfusion therapy, 
enteral and/or parenteral feeding;

III — situations that require surgical intervention 
(IIIa — under local anesthesia, IIIb — under general 
anesthesia);

IVa — organ dysfunction;
IVb — multiple organ failure;
V — lethal outcome.
Accordion’s classification subdivides the problems of 

postoperative period into two categories [41]. The first 
one (minor complications) includes classes I–III:

I — minimal invasive procedures and treatment of a 
wound infection;

II — complications that require pharmacotherapy;
III — endoscopic and/or intervention procedures 

without general anesthesia.
The second category (major complications) includes 

classes IV–VI:
IV — surgical intervention under general anesthesia 

with artificial lung ventilation and a single organ 
dysfunction;

V — surgical intervention under general anesthesia 
with artificial lung ventilation and a single organ 
dysfunction or multiple organ failure;

VI — lethal outcome.
Fluid collection associated with surgery on the 

abdominal wall (seroma) is considered separately and 
several types can be identified [42]. They are understood 
differently in different literature sources. Russian authors 
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define them as any fluid collection in subcutaneous 
tissue which is identified either clinically or with 
ultrasonography; they are referred to complications 
[42]. This approach is justified, and small seromas 
without clinical manifestations correspond to Clavien–
Dindo I, but are not considered by Accordion. Belokonev 
[43] defines seroma as a limited fluid collection after 
any surgery with wide mobilization of a cutaneous-
subcutaneous flap. However, it should be noted that 
localization of seromas in the subcutaneous tissue is not 
the only possible situation — these cases are described 
in literature sources [44].

Currently, the correlation of seroma/complication 
notions is based on the criteria proposed by Morales-
Conde [45]. The author proposed his work for 
laparoscopic surgery, but all its parameters are 
applicable to open surgery (Table 1).

In the last years, special classifications of events and 
complications in the surgical area have been created, 
they consider peculiarities of groups of patients and 
methods of surgery. For the patients of a herniological 
profile the classification was developed in detail by Petro 
and Novitsky [22]. The authors specify 4 categories: 
infections, sterile fluid collections, wound dehiscence, 
and an enterocutaneous fistula. The first category 
involves such concepts as cellulitis and infection of the 
surgical site (superficial, deep, organ or cavity). Seromas 
and hematomas are referred to the second category. The 
third and fourth categories were not specified in detail in 
the original work. It is worth mentioning that the above-
mentioned classifications are completely different from 
the point of view of Petro and Novitsky and Morales-
Conde and do not have principal contradictions.

The concept of infarction of subcutaneous tissue 
deserves special attention, it is a relatively new concept 
introduced by the leading Russian scientist in surgery 
of the abdominal wall hernias, Belokonev. According 
to his classification of wound events after herniotomy 
(2005), there are early and late complications. The 
first ones are the following: necrosis of wound edges, 

seromas (long exudation) infarction of the subcutaneous 
tissue, hematomas and purulence [46, 47]. To the 
second group the following complications are referred: 
implant cysts, paraprosthetic fistulas, mesh rejection, 
mesh contraction, implant edge detachment. Hernia 
recurrence, which is referred to the latter group, should 
still be regarded as an outcome, but not a complication. 
It was also convincingly proven that blood circulation 
impairment in one of the layers, which is located above 
the surface fascia and is supplied with blood from three 
rows of perforating blood vessels, causes infarction of 
the subcutaneous tissue [47].

The stage of an infectious complication and the 
state of the implanted mesh are of significance when 
the strategy of treatment is selected. The classification 
that takes into account all the mentioned factors was 
developed by Obolensky et al. [48]. The authors divided 
three types depending on the time passed from the 
reconstruction surgery (I — up to 30 days; II — from 
1 month to 1 year; III — over 1 year) and three categories 
(S — stable, not deformed mesh; D — deformed but 
stable implant; N — endoprosthesis migration) [48, 49].

To define the risk of purulent and septic complications 
the class of a wound is taken into account. Here most 
frequently the classification of the American Center for 
Disease Control (CDC, Atlanta) is used [50]. A detailed 
stratification of patients with hernia in regard to the risk of 
complication development has also been proposed and 
is used now. Ventral Hernia Working Group — VHWG 
(2010–2012) also recommends dividing wounds into 
three types (low-risk, comorbid, potentially contaminated 
and infected) [22]. An improved classification (VHWG — 
Novitsky, 2016) includes only three types of wounds 
(risk, comorbid, contaminated) with specification of the 
last one: a (clean-contaminated), b (contaminated), and 
c (active infection) [22].

These authors suggested the newest approach 
(HPW, where H stands for hernia, P — for patient, W — 
for wound) that allows considering specific clinical cases 
in terms of risks of complications as well as measuring 

T a b l e  1
Seroma classification

Type Clinical manifestations
Determined  
on clinical 

examination

Ultrasound 
visualisation Duration Treatment  

required
Complications or events  

in the postoperative period

0a No No No Any No Event
0b No No Yes Any No Event
I No Yes Yes Less than 30 days No Event

IIa No Yes Yes 30–90 days No Event
IIb No Yes Yes 90–180 days No Event
III Moderate Yes Yes More than 180 days Yes Complication
IV Infections, spontaneous 

defecation, reccurence, 
endoprosthesis displacement

Yes Yes Any Yes Complication
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the risk in cohort studies. The first criterion: H1 — hernial 
orifice width is up to 10 cm; H2 — up to 20 cm; H3 — 
more than 20 cm. The second criterion: P0 — patient 
without comorbidity; P1 — morbid obesity, diabetes, 
smoking and/or immunosuppression. The third criterion 
takes into consideration the state of the surgical site: 
W0 — clean wound; W1 — contaminated. These authors 
systemize the data in the following way (Table 2).

This approach is well-correlated with the finding of 
other researchers. It is known that patients with H2–3 
hernias require specific and rather technically complex 
methods of surgery. According to Parent et al. [50] from 
12 to 19% of these patients need repeated operations.

The modern authors emphasize an important role of 
using accurate terminology and concepts, specifying 
their meaning and use [51]. They suggest differentiating 
the following concepts: surgical site infection (SSI); 
surgical site occurrence (SSO); surgical site event 
(SSE); surgical site occurrence requiring procedural 
interventions (SSOIP) [51]. This approach has found 
application in recent studies [52].

Diagnostics of complications of prosthetic repair
Modern researchers first and foremost suggest 

identifying categories of risk where the development of 
complications is most probable. The proved criteria are 
obesity, smoking, previous surgical interventions and 
paraprosthetic infection in the medical history [53]. Early 
spotting of the postoperative problems of there are any 
is likely to be effective and in demand, but a successful 
diagnostic search will mostly determine the anticipation 
of the therapy outcome. From this point of view we 
should identify a special group of patients who already 
have ventral and incisional hernias with reduction of the 
abdominal cavity volume as well as a group of patients 
with an active infectious process in the future surgical 
site (H2–3, W1) with estimated maximal morbidity [22]. 
Here we can also observe the longest hospitalization, 
the highest morbidity, and mortality [54].

Technical difficulty of the operation and considerable 
load of the surgical site with synthetic material are 
associated with rather high reliability (minimal recurrent 
hernias frequency), but high rate of complications 
as well. For instance, according to the work [23], the 
patients operated with a sandwich technique with a 
double mesh implantation had no recurrent hernias, 
but in 33% of cases they had seromas and in 39% the 
patients needed surgical intervention due to an infection 
in the surgical site.

The reference literature provides various data on the 
effect of the previous purulent process caused by the 
undergone prosthetic repair on frequency of recurrent 
hernias. Some authors did not see any reliable impact 
of inflammatory problems in the medical history on the 
surgery outcome [55], other, however, demonstrated 
their absolute and determining significance — up to 67% 
of purulent complications in some groups of patients 
[23]. Apparently, it is the current activity of the infections 
in the surgery site that matters.

Anticipating wound complications requires a rather 
complex and multi-factor analysis [56, 57]. The duration 
of wound exudation has a strong correlation with the 
duration of hernia-carriage, the width of hernia orifice, 
the mesh square area, the endoprosthesis density; 
a number of other parameters are also important 
[57]. Some authors stress the influence of hernia sac 
volume, the presence of obesity in the patients and the 
importance of surgical access length [58]. Specificity of 
subcutaneous tissue structure in the para-umbilical area 
is under study, therefore tissue dissection direction can 
be of importance here [58]. Cardiovascular pathology 
and concomitant localization of hernias (medial segment 
and lateral location) are already confirmed risk factors of 
fluid accumulation [58]. The following factors also pose 
risk: female gender, large hernia orifice, surgery that 
lasts more than 2 h, diabetes mellitus, obesity, CHD and 
ischemic heart failure, low protein level [59].

Among other diagnostics methods along with 
general clinical ones the following methods of medical 
visualization play a certain role: ultrasonography [43, 
60–63], computer and magnetic-resonance tomography 
[38, 63]. Thermography is also of importance as it can 
confirm the fact of an inflammatory process present and 
specify its location [64]. However, one should treat the 
findings on the abdominal pressure dynamics provided 
by this work skeptically. Despite the reliable difference 
shown, all the values of this parameter in the groups 
analyzed by the authors do not leave the reference 
interval (norm). The same researchers also highly 
appreciate possibilities of thermography in their further 
works [65].

Biochemical methods including the ones investigating 
the level of acute-phase proteins can be used as 
indicators of inflammatory complications. Screening 
of C-reactive protein as a parameter of injury rate 
of surgical intervention is well-known as it allows an 
objective assessment of various surgeries [66]. Russian 

T a b l e  2
Stratification of hernia patients according to the risk  
of purulent and septic complications

Criteria H1 H2 H3
P0 Stage 1 Stage 2 Stage 3

P1 Stage 2 Stage 3 Stage 4

W1 Stage 3 Stage 3 Stage 4

H e r e: Stage 1 correlates to the frequency of events in 
the operating area 5.8% and recurrences 4.7%; Stage 2 — 
the frequency of events 12.6% and recurrences — 9.2%; 
Stage 3 — the frequency of adverse events 20.2% and 
recurrences — 13.2%; Stage 4 — the frequency of adverse 
events 38.9% and recurrences — 31.1% [22].
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authors used the methods of identification of ferritin and 
lactoferrin concentrations in wound exudate successfully 
[67]. This work shows that in the development of 
purulent complications their values were considerably 
higher. To assess a systemic inflammatory response 
after prosthetic repair it is recommended to determine 
the level of interleukins 1β, 6, 8, 10, vessels growth 
factor and tumor necrosis factor [68, 69]. According to 
the dynamic of concentrations of the given substances, 
scientists single out groups of patients with difference 
adaptation capacity. It is crucial for forecasting of the 
development of wound complications after prosthetic 
repair [70]. Double increase in the level of CCL2 
chemokine and no decline in this value can verify the 
process of seroma formation [43]. In some cases serious 
complications (mesh migration into the abdominal cavity) 
do not have specific clinical manifestations and turn out 
to be unexpected [31].

Modern methods of treatment of purulent  
and septic complications of prosthetic repair

There is no unified and generally accepted approach 
to the treatment of infectious complications associated 
with a mesh implantation so far [71]. It is necessary to 
consider all the existing methods taking into account 
their benefits and drawbacks.

Puncture drainage under ultrasound control is the 
main and generally accepted method of treatment 
of the complications considered [43, 47, 60, 61, 72]. 
A freehand technique is most commonly used. In a 
number of clinics surgeons developed and successfully 
use original devices for puncture drainage as in their 
opinion it reduces surgical procedure injury and increase 
the effectiveness [73]. Suggested by the colleagues idea 
of infusion of chlorhexidine bigluconate solution into 
the cavity is of special interest. However, it is difficult to 
agree with the formulation of the device function, which 
is “for opening cavities”, because the authors obviously 
perform a puncture. We would also like to argue about 
the indications for use provided by the authors of this 
article [73] (accumulations with the volume of more than 
4 cm3 and in the same publication — 40 mm3), in their 
further works [74] they are 4 cm3, because nobody else 
in the literature available describes such small-volume 
accumulations. It is absolutely obvious that the latter 
ones resorb spontaneously and do not have any clinical 
and practical significance. Modern authors emphasize 
that small volume of exudate in the mesh implantation 
site can be observed in practically all patients [43, 59]. 
Most of these accumulations resorb on their own, only 
in some situations the presence of significant volume of 
fluid can result in complications [59].

Surgical strategies in case when there are already 
developed purulent complications associated with a 
mesh can be different [75]. Some of them are rather 
difficult to identify during some research description, 
because there is no universal classification of the 

methods of following-up patients with paraprosthetic 
infection. The first variant includes complete removal of 
the infected implant (in a number of cases — dissection 
with the surrounding mesh tissues) with simultaneous 
reconstruction/correction of the abdominal wall and 
implantation of another endoprosthesis. The second 
variant presupposes only removal of the mesh (complete 
or partial) and delayed reconstruction. The third 
one involves the strategy of preservation (saving) of 
endoprosthesis left by the surgeon in situ, treatment of 
pyogenic infection with systemic and/local antibacterial 
therapy and special technologies targeted at sanitation 
of the suppurative focus. It is possible to combine these 
strategies or use than consequently.

Surgical intervention with removal of the 
implanted endoprosthesis. Experience in removing 
previously implanted meshes in most clinics is limited due 
to some objective reasons: such serious complications 
are rather rare in clinical practice. However, a number 
of researchers collected significant material that allows 
a comprehensive analysis and proper conclusions. 
Sharma et al. [76] for 4.5 years of practice removed 
105 previously implanted meshes. Infection was one of 
the most frequent causes of this surgical intervention. 
Surgical interventions with mesh removal and 
simultaneous repeated prosthetic repair are referred to 
categories 3 or 4 according to the classification of Petro 
and Novitsky [22]. In a number of cases endoprostheses 
of biological origin are recommended for these 
purposes. But the frequency of unsatisfactory results 
after such interventions is unacceptably high, namely 
57.5% of wound complications, 85.7% recurrent hernias 
after bridging repair and up to 40% of those after other 
variants of closure of the abdominal wall defects [75]. In 
most cases (68%) endoprostheses placed onlay had to 
be removed [7, 8].

Some authors are proponents of early dissection 
of the implant in case it is infected [77]. However, the 
term “early removal” has not been clearly defined; 
the publication considered describes experience of 
treating patients with formed external fistulas that 
existed from 1 to 6 years. The researchers performed 
complete dissection in 8 out of 10 patients, in the other 
2 the mesh was explanted partially; the abdominal wall 
was repeatedly replaced with prosthesis in 4 patients, 
and 1 patient had the same complication again [77]. 
Authors are unanimous that the presence of chronic 
paraprosthetic infection is an indication for the implant 
excision.

Also an indication for mesh removal is damage of 
the hollow organ wall with an endoprosthesis [33]. 
Other foreign researchers are of similar opinion: in case 
of chronic, late symptomatic paraprosthetic infection 
meshes are most commonly to be removed. The 
decision is made after two weeks of fruitless attempts 
of conservative therapy [78]. It should also be taken 
into account that complete removal of endoprosthesis 
in a number of cases is technically complicated and 
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sometimes impossible due to evident invasion of a 
reticular (woven) mesh in the connective tissue even 
under infectious conditions [79]. To make the procedure 
easier Russian authors recommended using ultrasound 
cavitation [80–82]. For mesh excision the authors used 
a titanium waveguide in the medium of water solution 
of chlorhexidine bigluconate combing physical and 
pharmacological effects. The possibility of delicate, low-
trauma extraction of the implant from the surrounding 
tissues is a matter of special attention [80].

A choice of methods of complete or partial removal 
of a mesh has not been clearly defined yet. Levy 
et al. [71] demonstrated that complete mesh removal 
frequently led to complete infection management, but 
some patients who underwent partial explantation 
needed repeated surgery aimed at extra complete or 
partial excision of endoprosthesis fragments. However, 
the same study noted that after partial dissection of the 
implant, as a rule, there are no recurrent hernias, but 
after complete dissections the frequency of recurrent 
hernias is considerable [71]. Taking into account the risk 
of possibly needed prosthetic surgery in the previously 
contaminated surgery site it is rather problematic to 
define the tactics (whether to remove the endoprosthesis 
completely or not). Chung et al. [13] presented a detailed 
treatment analysis of 15 patients with chronic infection 
of endoprostheses and median manifestation of a 
purulent process for 15 months (7–49). The patients 
who had undergone complete mesh removal later had 
less purulent fistulas, but the author did not notice 
considerable differences in the number of recurrent 
hernias.

Explantation of the infected mesh and repeated 
prosthetic repair of the abdominal wall can be done 
simultaneously or step by step. It should be taken 
into account that implantation of synthetic material 
in the infectious conditions can be accompanied by 
high frequency of recurrent hernias (50% and more). 
According to some researchers, the second variant can 
reduce the frequency of infections in the surgical site up 
to 27% [83]. On the other hand, successful experience 
of explantation of infected meshes and simultaneous 
prosthetic repair of the abdominal wall in 41 patients 
was described in detail by Birolini et al. [7]. The authors 
came to the conclusion that removal of the infected 
endoprosthesis with simultaneous prosthetic repair of 
the abdominal wall and implantation of a polypropylene 
mesh led to successful outcomes in 95% of patients 
with chronic paraprosthetic infection. It turned out to 
be possible in conditions of severe contamination and 
active infection and the frequency of recurrent hernias 
was 34%, frequency of surgery due to surgical site 
infection (SSI) was 12.2%, and hernia recurrences 
constituted only for 4.9%. In the further study [8], which 
included 22 patients undergoing explantation/repeated 
prosthetic repair under conditions of MRSA infection, 
the authors confirmed the validity of their approach. The 
given results should be referred to the best ones in the 

category of patients under consideration, although it 
is difficult to agree with the onlay method of repeated 
prosthetic repair chosen by the authors [7].

According to the analysis of the published findings we 
can suppose that a chronic purulent process associated 
with an endoprosthesis is an indication for surgery. The 
scale of intervention is possibly complete dissection 
of the infected mesh. The issue of repeated prosthetic 
repair of the abdominal wall, the possible tactics and 
time is to be studied further. In meta-analysis [84] the 
following features that can predict the risk of mesh 
infection were reliably determined: administration of 
immunosuppresors by the patient, urgent interventions 
and SSI after reconstruction. The need for further 
mesh removal is clearly associated with the use of 
polytetrafluoroethylene endoprosthesis, implant location 
in onlay position and opening the intestinal lumen during 
surgery (resection and unintended enterotomy) and was 
reliably confirmed by other studies [85, 86].

Strategy of saving the mesh and negative 
pressure wound therapy. Negative pressure wound 
therapy (NPWT) was originally suggested and 
implemented Argenta and Morykwas. It was used for 
treating patients with purulent wounds, peritonitis, but 
soon it started to be successfully used in herniological 
clinical practice [87]. The national researchers used 
it to reduce the number of cases of mesh removal 
in patients with purulent and septic complications 
associated with prosthetic repair from 33.5 to 13.5%, 
and the frequency of infectious process recurrences 
from 22.2 to 17.3% [49].

Foreign authors analyzed the experience of 
722 prosthetic repair with 233 (30.3%) of wound 
complications, including 48 patients who underwent 
NPWT, all the meshes were left in situ [87]. In average 9 
replacement sets (wound dressings) were required, the 
average therapy duration was 34 days. The scientists 
[10] came to the conclusion that paraprosthetic infection 
can be successfully stopped with negative pressure 
systems, and NPWT must be considered an obligatory 
procedure of the first-line therapy of this complication. In 
their work [10] the duration of the method was 199 days 
in average (including 27 days in hospital); the dressings 
were changes three times a week. Other researchers 
[88] describe experience of treating 63 patients with 
NPWT (52 after retromuscular reconstruction and 9 
after intraperitoneal reconstruction) that lasted 34 and 
62 days respectively in conditions of Staphylococcus 
aureus, Escherichia coli or Klebsiella strain infections. In 
all the cases macroporous polypropylene meshes were 
saved. The authors used pressure of –80 mm Hg, and in 
cases of intraperitoneal endoprosthesis placement it was 
–60 mm Hg, then (after granulation appearance) they 
also used –80 mm Hg.

A possibility of intraperitoneal mesh placement in 
combination with NPWT was also studied in regard to 
wound closure in patients who underwent laparotomy 
[89]. In this case lower negative pressure values were 
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used (–25 to –75 mm Hg). They published the data 
on successful in situ preservation of a titanium mesh 
implanted onlay under conditions of MRSA associated 
active process [90]. The experiment [91] stated that 
presence of a mesh in the surgical site does not make 
any difference to the course of the inflammatory process 
if it was placed lege artis. However, its deformity 
(twisting) actively promotes the colonization with 
microorganisms.

Taking into account the presented data we can draw 
a conclusion that essential conditions of using the 
strategy of mesh preservation are as follows: acute 
inflammatory process, macroporous and monofilament 
structure of the endoprosthesis, NPWT availability and 
experience in this therapy, a possibility of adequate 
microbiological monitoring and targeted medication 
control of the infectious process, lack of technical errors 
in the implantation performed with preferable placement 
of the endoprosthesis in the retromuscular space. In this 
situation the patient can be treated without the implant 
removal.

A possibility of effective NPWT use in case of deep 
seromas and excessive lymphorrhea via the wound was 
noted by foreign authors [92]. Some surgeons used the 
pressure range from –100 to –150 mm Hg. In the same 
way NPWT can be used for treatment of extensive 
infected seromas. For sooner obliteration of the cavity 
the authors used doxycycline as a sclerosant [93].

The use of physical factors and based on their 
possibilities methods are actively developing. It was 
shown that the pulsing electrical field can destroy a 
biofilm and eradicate one of the most problematic 
microorganisms — Pseudomonas aeruginosa [94].

Prevention of purulent and septic complications 
of prosthetic repair

The reference literature describes in detail a set 
of measures targeted at SSI prevention, which is a 
combination of organizational and applied solutions 
including the rules of aseptic, antiseptics and 
pharmacological suppression of the current flora with 
highest evidence level [95–97]. A part of these measures 
are observed everywhere, but some of them — only in 
a number of clinics where it is possible. It was proved 
that in inpatient clinics that carry out a significant number 
of herniological operations the frequency of serious 
complications is reliably lower, although the duration of 
treatment and its cost are higher [98].

One should also consider the rules which were 
proposed by American surgeons and have the highest 
evidence levels and can be applied in elective surgery 
[99]. In their opinion it is necessary to carry out 
mesh reinforcement, but not bridging repair, and use 
laparoscopic methods if there are indications. To reduce 
the frequency of infections associated with prosthetic 
repair they recommend not operation on patients with 
body mass index more than 35 kg/m2, with the level of 

glycosylated hemoglobin of 8% and higher as well as 
current smokers. It does not mean complete rejection 
from surgery, but a surgeon should avoid operating 
on this category of patients if possible. Patients are 
recommended to refuse from smoking and to address to 
specialists for normalization of body weight and glycemia.

Diabetes mellitus in herniological clinical practice 
is reliably recognized an independent predictor of 
complications [100]. Optimization of body weight proved 
to reduce the costs of treating patients with hernia [101]. 
Technically during the operation techniques should be 
implemented to complete the intervention precisely 
by reconstruction of the abdominal wall. Presence of 
MRSA infection is not also a straight contraindication, 
but it requires targeted SSI prophylaxis and surgeons’ 
readiness for complications and their treatment [9]. 
Surgical resection on the intestine can be also regarded 
as a risk factor [85]. In high-risk patients with maximum 
contamination of the surgical site and in patients with 
sepsis a step-by-step approach to treatment seems to 
be the most reasonable [83, 102].

As for prosthetic repair caused by hernias, modern 
scientists divide all the prevention methods into 
three groups: preoperational, intraoperational, and 
postoperational [59, 62]. One should also differentiate 
tactical aspects, technical solutions, medication, and 
hardware-based methods.

Reviewing a combination of tactical and technical 
solutions targeted at the abdominal wall reconstruction 
it should be mentioned that the character of tissue 
reaction to prosthetic repair is determined not only by 
the material of the latter and the layer or cavity selected 
for implantation, but also by a tension factor [103]. It 
was convincingly proved that it is the tension factor that 
defines the correlation between the main populations 
of cells in the area of mesh fibers which radically 
changes the known parameters of biocompatibility of 
the endoprosthesis with the specific properties and 
parameters. Modern experimental studies demonstrated 
that tension results in lipomatous transformation of the 
muscles of the medial segment, and in lateral groups 
fibrosis is observed in the same situations [103]. Clinical 
studies with detailed stratification of herniological profile 
patients depending on risk degrees and operations 
depending on their injury rate reflect that preference of 
non-tension methods is associated with low frequency of 
complications [104]. In the most complicated situations 
(operations on recurrent hernias) this approach is 
accompanied by the best results [105].

At pre-operational step, the key role in prevention of 
infections in the surgical site belongs to antibacterial 
prophylaxis which is carried out in accordance 
with generally accepted approaches [95, 96]. High 
load of the surgical site with synthetic material 
makes prevention requirements required. As it was 
recommended in the work [106], a single dose of the 
medication is sufficient. A number of Russian authors 
are of the same opinion [107].
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Optimal medications for this purpose are 
cephalosporins of the 1st and 2nd generation; it is also 
possible to use protected penicillins or fluoroquinolones. 
Medications of other classes are used for targeted 
prevention, if the patient’s actual microflora is known. 
The optimal time of their administration depends on 
pharmacodynamics of the chosen medication: 30 min 
before the incision (betalactams), 60 min before 
(fluoroquinolones) or 2 h before (vancomycin). The 
use of cephalosporins of the 3rd generation is not 
recommended. These opinions are based on high-level 
evidence provided in meta-analyses [108]. It is shown 
that prolongation of antibacterial therapy does not affect 
the frequency of wound complications [109]. Foreign 
manuals emphasize that there is no significant difference 
in effectiveness among various medications [106], in 
some national studies [107] the selection of antibiotics is 
determined by pharmacoeconomic reasons.

The choice of operation methods and surgical 
techniques. There is a widespread idea that after 
laparoscopic variants of prosthetic repair of the 
abdominal wall the frequency of wound infections is 
lower than in case of open surgery [110]. This regularity 
is known not only in herniology, but it should be taken into 
account that the results of comparative analysis impose 
a number of limitations, firstly, the fact that not all patients 
can be effectively and successfully operated on with 
laparoscopic approach. Other aspects are connected 
with various variants of endoprosthesis placement in the 
abdominal wall layers (in most laparoscopic operations 
the mesh is implanted intraperitoneally [33].

However, currently, the technology of open 
retromuscular prosthetic repair is so much enhanced, 
standardized and practically developed that the above-
mentioned differences in the results are not absolutely 
true. The meta-analysis [21] demonstrated that there 
are fewer complications after open retromuscular 
reconstruction than after the laparoscopic intraperitoneal 
one. The mesh has significant drawbacks from the 
point of view of intraoperational complications, such 
as bleedings and intestinal damage. No significant 
differences in hernia recurrence and pain frequency in 
one-year follow-up period were registered. The studies of 
Belyansky et al. [111] are of great interest regarding the 
combination of advantages of retromuscular technique 
and endoscopic access. They proposed eTEP/eTAR 
operations performed only with an endosurgical method 
with an extraperitoneal access with 3.8% of wound 
events and no infectious complications per 79 and 
there were similar results in the series of 37 robotic 
eTEP/eTAR [112].

During an open surgery some targeted surgical 
techniques can contribute to risk reduction in purulent-
septic complications. A tactic solution to refuse from 
onlay reconstruction will be the most justified of all. It has 
been proved that separation of cutaneous-subcutaneous 
flaps along with subcutaneous tissue contact with an 
endoprosthesis is the breeding ground for infections in 

the surgical site. That is why the onlay method is not 
recommended for routine herniological practice. It can 
be used only as an exception.

According to the data of meta-analysis [1], for onlay 
technique up to 31% of wound complications are typical. 
In other studies this parameter was 21–42% [113]. It is 
no surprise that in some modern manuals for treating 
patients with incisional hernias this method is not even 
described [114]. If authors use this variant of prosthetic 
repair, they use special techniques that allow fixing the 
cutaneous-subcutaneous flap to the adjacent structures, 
mesh, aponeuroses [60]. In that work it could reduce the 
frequency of wound complications from 41.9 to 17.3%. 
Similar solutions aimed at elimination of residual cavities 
in the wound were suggested by the colleagues [115]. 
Other researchers stress that the most important factor 
of complication prevention is minimal mobilization 
of cutaneous-subcutaneous flap from aponeuroses, 
therefore it is better to refuse from onlay technique [116].

Belokonev’s method [105] also involves separation 
of flaps and presupposes the contact of a mesh with 
subcutaneous tissue, but it differs significantly from the 
standard onlay technique and is used successfully in 
the most difficult cases. In the original method the mesh 
is placed not on the aponeuroses, but on abdominal 
rectus muscles which are well blood-supplied, can 
actively resorb wound exudate and are the source of 
angiogenesis in the area of reconstruction and the 
growth of connective tissue around the mesh fibers. 
The standard onlay technique does not have these 
advantages.

Some authors refuse from complete isolation and 
dissection of a hernia sac preferring desquamation of its 
mesothelium and intraperitoneal mesh placement [117].

When treating patients with large hernias one should 
pay special attention to the choice of the separation 
technique of the components in situations with high risk 
of development of infectious complications. The greatest 
personal experience belongs to American surgeons: 
700 anterior components separation technique (ACST), 
including 311 ones which were analyzed in detail [118] 
and 428 consequently performed transversus abdominis 
release (TAR — transversus abdominis release) [119]. 
They and the authors of the following works [120, 121] 
demonstrated the advantages of an endoscopic ACST 
variant (11–20.6% of wound complications) before 
Ramirez technique (33–34.6%), as well as TAR method 
(18.7%). However, in further meta-analyses [122, 123] 
those differences were not confirmed. Frequency of 
events in the surgical site was 21.4% after anterior 
components separation technique, 23.7% after TAR, 
20.3% during ACST with an endoscopic technique 
and 16% after anterior separation with preservation 
of perforating vessels [124]. Preference of this or 
that variant of component separation remains at the 
discretion of the operating team depending on their 
experience, possibilities and the patient.

A number of technical solutions used in postoperative 
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period can prevent SSI development. Prevention with 
NPWT is not well described in literature. In the works 
of the Russian authors [125] 24 h after the operation 
for 7 days daily an original device from vacuum therapy 
was used with the following parameters: pressure 
–120 mm Hg, exposition — 15 min. It could reduce 
the number of indications for traditional drainage and 
reduce the frequency of complications. This method 
proved its reliability in the experiment and the findings 
were confirmed morphologically [126]. The researchers 
proved that duration of the exudative phase of an 
inflammatory process at the NPWT background reduced 
considerably.

In this work [127] the scientists used pressure 
–100 mm Hg continuously on the closed wound for 
5 days, then they evaluated the state of the operation 
site. The procedure was canceled when there was no 
edema or risk of wound dehiscence, in it was needed 
the procedure was prolonged for 3–5 days more. 
Patients who underwent a complex reconstruction of the 
abdominal wall took part in the study. Operations lasted 
more than 400 min, practically in all the patients were 
exposed to CST (components separation technique); it 
can help evaluate the scale and complexity of surgical 
intervention. The work showed reliable, practically double 
reduction in the number of purulent complications, 
especially the superficial access infections (in 6.8 times). 
The method did not affect the risk rate of intra-abdominal 
complications, the need for repeated hospitalization, 
frequency of repeated laparotomies, development 
of hematomas, seromas, and necrosis of cutaneous 
wound edges. This method has the following undoubted 
advantages: non-invasiveness, technical simplicity, 
availability in many clinics, skills, and experience in 
work with modern vacuum systems accumulated by 
surgeons during the treatment of patients with purulent 
wounds and peritonitis. The analytical review of Massey 
[128] showed the reduction in frequency of seroma 
formation from 11.3 to 6.4% when NPWT was used, but 
these differences were not valid according to the meta-
analysis data.

Drainage installation after prosthetic repair is a routine 
measure approved by the majority of surgeons. However, 
correlation between the anticipated benefit (reduction in 
the frequency of hematomas, seromas) and the potential 
risk (entrance gate for infections) is not as favorable as 
it may seem at first sight. In the meta-analysis [129] the 
authors proved that there are not enough convincing 
data on a positive effect of drainages. In the up-to-date 
randomized cohort controlled study [130] there were 
assessed the results of drainage after retromuscular 
reconstruction. It has been demonstrated that the use 
of drainages does not affect the frequency of events in 
the operational site, formation of hematomas, all types 
of SSI, necrosis of cutaneous-subcutaneous flaps, 
separation of wound edges and dehiscence of fascia 
structures. In this study seromas were observed much 
more rarely in case drainages were in situ.

Russian researchers [61] use drainages during the 
operation and perform pre-peritoneal irrigation with 
ozonized 0.9% solution of sodium chloride and 2.5% 
solution of Ropivacaine of 20 ml each 6–8 h for 2–3 days. 
The authors explain positive results with stimulation of 
reparative processes and microcirculation improvement. 
Representatives of other surgical schools successfully 
use infusion of water solution of chlorhexidine (15 ml) 
into serous cavities right after evacuation of the exudate; 
it helps eliminate the development of pyogenic infection 
[73, 74].

The work [16] stated in the experiment that the use 
of diclofenac and ibuprofen effectively prevents the 
formation of Staphylococcus aureus and Escherichia coli 
biofilm on the surface of polypropylene mesh; obviously, 
these medications inhibit adhesion of bacteria to the 
endoprosthesis fibers.

The choice of an endoprosthesis. This step 
is important in terms of risks of possible pyogenic 
infection associated with the implant. There are more 
classifications of meshes; and the most interesting 
and topical ones were analyzed by Anurov in his 
review [131]. Depending on the production technology, 
construction properties, peculiarities of integration in 
the abdominal wall tissues and the area of application 
the author specifies the following five types: reticular, 
membrane, composite and 3D (volumetric), emphasizing 
special possibilities of the 4th type in case of infections. 
Most authors do not object the preference of 
macroporous meshes to microporous ones which are 
less resistant to infections. The latter are no longer used 
in high-risk patients and in conditions of the surgical site 
contamination. It was proved that the key role belongs to 
the correlation of pore size, microorganisms (1–2 µm), 
macrophages (18–35 µm) and leucocytes (15–20 µm) 
[15]. The researchers state that when pore sizes are less 
than 15 µm, infectious agents easily penetrate into them 
and cannot be attacked by immunocompetent cells.

From numerous materials the material that is the 
most resistant to infections is polypropylene fiber due 
to its solidity and hydrophobicity [15]. Polyvinylidene 
fluoride has similar, but in some relation better properties 
for a mesh material. The experiment [132] stated that 
composite endoprosthesis with an adhesion barrier 
from collagen should not be used in conditions of 
bacterial contamination. Such cultures as Escherichia 
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Staphylococcus aureus demonstrate continuous 
lawn growth on the adhesive membrane and under it. 
Polytetrafluoroethylene (ePTFE) is a classic example 
of the material, application of which is associated with 
considerable frequency of infectious complications 
and therefore it not recommended for use under 
contamination conditions [13].

The use of materials of biological origin is the subject 
of scientific debate, although in the recommendations 
of the World Society of Emergency Surgery (2017) on 
surgical treatment of patients with strangulated hernias 
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it is clearly said that in the 1st and 2nd class of wound 
according to CDC classification it is recommended to 
use prosthetic repair (1A level of evidence) [133]. And 
the frequency of wound complications is not increased 
(wound class 1), 30-day frequency of complications 
associated with access does not increase (wound 
class 2). For wound classes 3 and 4 surgeons should 
refuse from prosthetic repair when the defect is less than 
3 cm, and in other cases biological prostheses should be 
used (2C level of evidence), but if they are unavailable a 
resorbing mesh of polyglactin is applicable (2C level of 
evidence) [133].

The literature has evidence about the use of 
autologous skin flaps for closing the defect of the 
abdominal wall with onlay method (including the one 
with anterior separation) with SSI frequency of 13.6–
20% [134, 135]; the biggest positive experience of such 
abdominal wall reconstruction was accumulated by 
Botezaty.

In most cases modern implants of biological origin 
have xenogeneic origin and represent acellular scaffolds 
from collagen fibers which are in some cases exposed 
to crosslinking [131]. They are gradually resorbed 
and replaced by their own connective tissue at these 
steps preserving certain strength, extensibility, and 
resistance to infection. However, positive properties 
of endoprosthesis of biological origin in terms of 
resistance to infections have been disputed in a range 
of publications for the last 5 years. López-Cano et al. in 
the controlled cohort study [136] compared the results 
of abdominal wall reconstructions with biological and 
synthetic meshes under contamination conditions, did 
not determine advantages of biological ones in regard to 
complications and identified reliable (practically fourfold) 
differences in the recurrence rate in favor of synthetic 
meshes. The authors of two-centered clinical study 
[137] informed about 74% of complications in patients 
exposed to biological meshes under contamination 
conditions (VHWG classes 3 and 4). Those were the 
patients of classes 1–3 according to the classification 
of the American Society of Anesthesiologists (ASA) with 
relatively small square area of defects (143 and 146 cm2 
in two groups respectively), but the majority of patients 
had intestinal stomas or infected endoprosthesis 
in the abdominal wall. Complications of class III–
IV according to Clavien–Dindo were registered in 60% 
of patients that underwent bridging repair operations 
and in 28% of patients after reinforced repairs. It is worth 
mentioning that in 84% of cases the mesh was placed 
intraperitoneally [137].

Other authors inform about the use of biological 
endoprosthesis for reconstruction after a synthetic mesh 
removal, and the frequency of wound complications 
reached 48%. Furthermore, frequency of recurrence 
occurred later was also unacceptably high [138]. 
According to the meta-analysis [139], the results of using 
biological meshes in conditions of infections are not 
better than the results of using synthetic endoprostheses. 

Ferzoco [140] demonstrated that frequency of 
infectious complications after implantation of biological 
endoprostheses in wound classes 2–4 is 20–51%, and 
the need for further mesh removal ranges from 0–23%. 
The author emphasizes that there are not enough 
high-level studies that directly compare the results of 
implantation of biological and synthetic endoprosthesis 
in conditions of surgical site contamination. However, 
these works have recently appeared.

The study [141] demonstrated that biological 
endoprosthesis in the situations of potential 
contamination do not have advantages over the 
synthetic ones (21 and 12% SSI respectively), and 
in contaminated conditions the results are even 
worse (38 and 11%). Sahoo et al. [52] proved on 
wide material (8005 patients operated on ventral and 
incisional hernias) obtained from the detailed analysis 
of the database of the American Society of Herniologists 
that SSI frequency after implantation of biological 
endoprosthesis under contamination was two times 
higher than after the use of synthetic meshes. In the 
latest publication with 1A level of evidence Köckerling 
et al. [142] presented a detailed analysis of a number of 
works on this topic and proved convincingly that currently 
accumulated data referring to the use of biological and 
biosynthetic meshes for operating on patients with the 
abdominal wall hernias under conditions of infection do 
not confirm the advantages of biological endoprosthesis 
in the same conditions. American authors proved on 
wide material (1023 patients) that the use of biological 
endoprosthesis is a predictor of complications [99] and 
higher costs of the patients’ treatment [100].

There is an impression that the issue subjected to such 
a detailed and effective analysis in the recommendations 
of the World Society of Emergency Surgery dated 2017 
is to be critically considered and reviewed. There are few 
studies on the use of resorbing meshes in contamination 
conditions; their authors revealed the same regularities 
as for non-absorbable endoprosthesis. As for the body 
reaction, resorption process, thickness of the reparation 
zone, strength and bacterial colonization, more stable 
and favorable results were obtained for monofilament 
macroporous endoprosthesis compared to multifilament 
microporous endoprosthesis [143]. However, hernia 
recurrence rate after the use of absorbable implants is 
inappropriately high; and it reasonably and considerably 
limits their administration to temporary closure of the 
abdominal cavity, for example, after laparostomy.

Implantation prevention of infections in the 
surgical site. Some producers of endoprostheses made 
certain attempts to create meshes which have maximum 
resistance to infectious process and achieved certain 
success [144, 145]. They described endoprostheses 
containing polymer coating with silver nanoclusters 
[62]. The studies in vitro proved that this construction 
prevents colonization of mesh surface and biofilm 
formation, similar findings were obtained in some works 
in vivo. A mesh of polytetrafluoroethylene indicated for 
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intraperitoneal implantation with double-sided coating 
containing silver carbonate and chlorhexidine diacetate 
was highly assessed in the experimental study using 
the culture of Staphylococcus aureus 106 CFU/ml 
[145]. A polyester mesh processed with polymerized 
cyclodextrin with vancomycin loading was used in the 
experiment in vivo under contamination with MRSA, 
showed excellent results compared to the control group 
[146]. Similar studies are successfully done by other 
authors [147].

The following substances injected in the 
endoprosthesis, applied on its surface and included in 
the composition of its coating are known as components: 
polyethylene oxide, polyethylene glycol, polysilazane, 
cyclodextrin, gentamicin, vancomycin, ofloxacin, 
rifampicin, amoxicillin, ciprofloxacin, vancomycin, 
lysostaphin (endopeptidase), chlorhexidine, triclosan, 
quaternary ammonium salts, nitric oxide, silver, titanium, 
gold, and palladium [146–148]. It is worth mentioning 
that encouraging results were received only in the 
studies with synthetic materials. Modification of biological 
endoprostheses for the use under contamination with 
Escherichia coli in the experiment was performed in an 
absolutely different way (mesenchymal stem cells were 
used) and has not met the expectations yet [149].

To fix meshes to the abdominal wall tissues suture 
materials impregnated with antibacterial means were 
offered. These threads in various representations 
contain chitosan, germanium, organic compounds, 
fluoroquinolone or other components (doxycycline) 
[150, 151]. According to the experimental data, the use 
of these materials causes taxis of phagocytizing cell 
population in the surgical site and reduces duration of 
phase 1 of the wound process and reduces severity 
of local inflammatory signs [150]. In clinical conditions 
the use of biologically active suture materials (the 
authors call it implantation antimicrobial prophylaxis) 
contributes to the reduction of SSI rate [151].

Researchers do not position this approach as an 
alternative to standard antibacterial prophylaxis, but 
consider it as a supplementary intra-operational measure 
to prevent SSI and to be performed on surgical site of 
class 3 and 4. Wide material (840 patients with incisional 
hernias) showed that even the use of capron meshes 
with impregnation with macrolides can considerably 
reduce SSI rate [152]. The same authors proposed 
coating for a polypropylene endoprosthesis based 
on polyvinyl alcohol and cefotaxime; their experiment 
proved effectiveness of the method and investigated the 
course of reparative process after implantation of these 
endoprostheses [153].

The latest direction in the prevention of purulent 
and septic complications during prosthetic repair is 
preliminary processing of meshes with antiseptic and/or 
antibiotics ex tempore — right before the implantation. 
A number of reviews [62, 154], experimental works 
(in vitro and/or in vivo) [148, 155] and clinical studies 
referring to SSI prevention or including the data referred 

to it have recently been published [156]. Foreign authors 
used short-term exposure of the implanted meshes 
to 0.05% water solution of chlorhexidine bigluconate 
(variant 1) and to the same solution but including 
900 µg/ml of allicin (variant 2) [148]. An antibacterial 
effect of this method was convincingly proved on agar 
in vitro. Variant 2 demonstrated the maximum diameter 
area of Staphylococcus aureus culture suppression. The 
controlled experiment on rabbits confirmed effectiveness 
of the method, and here the second variant of prevention 
was also the best [148]. It is remarkable that preliminary 
processing of an endoprosthesis did not interfere with 
the course of a reparative process. 

Authors of another study [155] in vivo used preliminary 
soaking of implanted endoprostheses in vancomycin 
solution (10 mg/ml) for 10 min as part of targeted 
MRSA infection prevention. The work studied polyester 
multifilament meshes and monofilament polypropylene 
endoprostheses, composite and standard ones. All 
meshes made a decolonization effect. However, upon 
careful consideration of the results it is getting clear that 
the problem has not been completely solved. The use of 
antibiotics in all the cases did not prevent biofilm growth: 
44–50% of surface of multifilament endoprostheses 
was covered with staphylococcus biofilm; the least 
colonized was a standard monofilament (non-composite) 
polypropylene mesh, but the difference of its values 
compared to other prostheses was not valid.

National scientists processed a mesh with 0.5% water-
alcohol solution of chlorhexidine in clinical conditions 
[156], but the controlled findings on the effectiveness 
of this technique remained outside the scope of the 
publication. The authors previously studied an effect 
of chlorhexidine on the already formed biofilms of 
Pseudomonas aeruginosa and Staphylococcus aureus; a 
positive was described, but biofilms were not completely 
destroyed [157]. In the experiment processing with 
chlorhexidine and prontosan of the adhesion barrier of 
collagen as a component of a composite endoprosthesis 
with its further contamination with Escherichia coli, 
Klebsiella pneumoniae, Staphylococcus aureus cultures 
inhibited or slowed down microorganism growth, and in 
the experiment with Pseudomonas aeruginosa did not 
prevent colonization [132]. The obtained results can be 
applied in clinical practice only with some adjustments, 
as right after the placement of an endoprosthesis in 
situ local concentrations of antibacterial agents are 
decreasing fast as they are spread to the surrounding 
tissues [148].

Conclusion
On the basis of the analysis of the data from modern 

literature sources, we can draw a conclusion that the 
problem of infectious complications of prosthetic repair is 
currently far from being solved. Its further investigation at 
all steps requires a complex multidisciplinary approach 
based on clinical findings obtained in accordance with 
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the concept of evidence-based medicine and the results 
of fundamental studies. 

Planning of preventive measures should be started 
at the pre-operation step in accordance with an elective 
approach, thorough stratification of the patient, detailed 
evaluation of risks and an objective status of the patient. 
Antibiotic prophylaxis should be done in accordance with 
the international guidelines, but target solutions should 
comply with specificity of each individual patient: their 
up-to-date microbiota (local and outside the surgical 
site), medical history and the current state. Taking into 
consideration all the above-mentioned factors and 
measures it is necessary to choose a surgical method, 
and in accordance with it an appropriate endoprosthesis, 
giving preference to retromuscular mesh placement 
and the use of monofilament reticular meshes made 
of minimally colonized materials. In some situations 
during surgery it is possible to use simple and effective 
methods of topical preventions, including the preparation 
of endoprostheses ex tempore.

It is reasonable to treat paraprosthetic infections 
in centers that have big experience in this sphere, are 
equipped with a wide range of infection control tools 
and the surgical methods and techniques applied: 
from NPWT to explantation of an infected mesh with 
component separation, repeated prosthetic repair of the 
abdominal wall and mesh placement in the layers free 
from contamination and in the zones with a possibility of 
step-by-step and simultaneous surgery.
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