Review Article Kazan Medical Journal 2020, vol. 101, no. 6

DOI: 10.17816/KMJ2020-852 © 2020 Authors

Prophylaxis of surgical site infection
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Abstract

The article provides a literature review of the methods for the prevention of local infectious complications —
preoperative, intraoperative and postoperative. The analysis of the literature is devoted to the methods of prevention
of postoperative purulent inflammatory wound complications. The review of scientific medical literature is based
on the analysis of this problem. The article presents risk factors that contribute to the development of postoperative
wound complications. Classification of surgical wounds was adopted to determine the risk of developing a surgical
site infection (SSI), which distinguishes 4 classes: clean, conditionally clean, contaminated and dirty. The presented
classification is based on the postoperative assessment of the wound bacterial contamination rate. The Clavien—
Dindo classification of postoperative complications is the most relevant. This classification presents the tactics
of the surgeon, depending on the class. The results of various studies indicate that antibiotic prophylaxis in the
preoperative period reduces the development of local complications. The description of prevention methods
focuses on intraoperative methods (devices for bringing together the edges of the wound, devices for treating
wounds, surgical needles, suture material) and various types of antiseptics, which can reduce tissue damage during
surgical interventions, reduce microbial contamination and the number of wound postoperative complications.
Intraoperative instrumental methods allow less pronounced trauma to the wound during its processing and suturing.
The postoperative method for diagnosing wound complications is an ultrasound method, which determines various
formations in a postoperative wound.
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In the Russian national guidelines of “Surgical in-
fections of the skin and soft tissues” (2015), the
term “surgical site infection” (SSI) is particular-
ly highlighted. The incidence of SSI depends on
the type of surgical intervention, and amounts to
1.5%—-6.9% of clean wounds, 7.8%—11.7% condi-
tionally clean wounds, 12.9%-17% contaminated
wounds, and 10%—-40% dirty wounds [1-5].
Currently, SSI is considered as an infection that
occurs within 30 days after surgery [6]. It is divi-
ded into superficial, deep, and infection in the site
of the operated organ (organ-spatial infection) [7].
The degree of microbial contamination of the
postoperative wound is one of the key factors influ-
encing the development of SSI, which depends on
the nature and volume of the surgical intervention
[8]. Microbiological diagnostics of infections con-
sisting studies of biological material obtained from
the focus of infection. The study of biopsy intraope-
rative material provides reliable data. Results of

aspiration biopsy have a high degree of accuracy.
With all advantages of reliability, the classical cul-
ture-based method for isolating pathogens has un-
deniable disadvantages, which are due to temporal
aspects of the study. Microscopy of Gram-stained
prints takes into account not only the morpholo-
gy and quantitative ratio of individual microor-
ganisms, but also the presence of leukocytes [8].

To determine the probability of risk of SSI,
a classification of surgical wounds has been adop-
ted, which was distinguished into four classes as
follows: clean, conditionally clean, contaminated,
and dirty wounds. This classification is based on
the postoperative assessment of the microbial con-
tamination level of the wound; however, the deci-
sion to prescribe antibiotic prophylaxis is still made
by the surgeon prior to intervention [9]. Operational
factors remain one of the risk factors for SSI. The
duration of the surgery depends on many compo-
nents, including the experience and practical skills
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of the surgeon, complexity of the surgery, adequa-
cy of hemostasis, and degree of tissue trauma [8].

The most relevant version of the classification of
complications is the Clavien—Dindo classification
[10—14]. According to which, complications are di-
vided into five classes:

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

— II: problems requiring infusion/transfusion
therapy and enteral and/or parenteral nutrition;

— III: situations requiring surgical intervention
for their resolution (I1la: under local anesthesia and
IIIb: under general anesthesia);

— I'Va: organ dysfunction;

— IVb: multiple organ failure; and

— V: lethal outcome.

Preoperative methods of prevention. Antibio-
tic prophylaxis is understood to be prescribing
antibacterial drugs to a patient before microbial
contamination of the surgical wound, as well as
in the presence of contamination signs, when the
primary method of treatment is surgical interven-
tion; antibiotic prescription is aimed to minimize
the risk of infection in the field of surgical inter-
ventions [15—18]. In a 1961 experiment on rats by
JLF. Burke (Harvard University), it was revealed
that the timing of the initiation of antibiotic prophy-
laxis is of fundamental importance, and the drug
must be applied before surgery [19].

Choosing the correct time for intravenous ad-
ministration of the first dose of the antibacterial
drug enables the achievement of the therapeutic
concentration of the drug in the tissues during inci-
sion [20—22]. From the point of view of efficacy and
safety, I-II generation cephalosporins (cefazolin
and cefuroxime) are the most acceptable as anti-
biotic prophylaxis in surgery [23,24].

Intraoperative methods of prophylaxis.
Unreasonable choice of instrumentation, frequent
suturing, poor alignment of wound edges, and ad-
aptation of sutured tissues with tension lead to
compression of wound edges and development of
local ischemia, which further contributes to the de-
velopment of SSI [25]. Inflammatory complications
that occur in the postoperative period are most of-
ten caused by microorganisms that contaminate the
wound intraoperatively, and their risk of occurrence
mainly depends on the degree of contamination.

At present, synthetic nonabsorbable surgical su-
ture materials are widely used for suturing postope-
rative wounds, which are highly inert to biological
tissues and are strong. The best known are poly-
propylene, fluoropolymer, and polycaproamide
threads. Skin sutures passing through the wound
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cavity does not only become a conductor of infec-
tion and maintain a purulent-inflammatory process,
but can also lead to the development of “ligature
ischemia” if used under tissue tension conditions,
which will complicate the course of the postope-
rative period.

A suture sinus is one of the late purulent-infla-
mmatory complications after various surgical
interventions associated with the rejection of a fo-
reign body (thread), accompanied by the formation
of an inflammatory infiltrate. Suture sinus is regis-
tered in 1.4%—8.2% of cases and in up to 14.3% of
cases with widespread peritonitis of various origins
[26,27], and these indices do not tend to decrease.
A sawing effect of the thread occurs when edges
of the wound are pulled together under conditions
of elastic forces of the tissues, which can also be
noted when sutures are removed, that is, with any
movement of the thread in the wound channel, ad-
ditional tissue trauma occurs, which contributes to
the development of purulent-inflammatory wound
complications [28-31].

Favorable conditions for regeneration processes
are provided by optimal resting of the wound area,
minimal tissue trauma during suturing, proper
blood and lymph circulation, and sufficiently good
microcirculation [32,33]. Well-known scientists
are actively studying various materials used for
wound closure, as well as methods of tissue con-
nection [5,25, and 28]. Devices for approximation
of wound edges with various options for the wire
location provide reliable immobilization of wound
defect edges, even distribution of the load on the
tissues and reduction of tension in them, which re-
duces significantly the trauma before suturing and
after wound closure, thereby creating favorable
conditions for the course of the wound process.

The hardware method of wound closure enables
to achieve significant optimization in the process
of wound closure by avoiding wound defect, pre-
venting intraoperative eruption of sutured tissues,
reducing the number of postoperative purulent-
inflammatory wound complications, and shortening
the duration of patients’ hospital stay. A classifica-
tion of devices for approximation of wound edges
is present. According to the method of fixation to
the skin, devices can be divided into the following
main groups: I: glue, II: needle, III: thread, and I'V:
wire. Another characteristic is a mechanism for ap-
proximation of wound edges. The ratchet mecha-
nism and guide rods are most widely used [34,35].

Clinical studies have shown that when using
surgical needles with cutting edges, a triangular
point for example, the degree of their deformation
(stretching and crushing) decreases due to the cut-
ting of tissues of hole edges formed when the cut-
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ting edges intersect edges, which leads to a less
degree of trauma. The emergence of new various
surgical needles in clinical practice has led to a de-
tailed field study for their improvement in terms of
diameter reduction of the puncture channel, wear
resistance, quality of thread fixation in the eye of
the needle, etc. Standardized research methods
for surgical needles are present [GOST 25981-83,
GOST 26641-85], which determine their main tech-
nical characteristics [35,36].

The treatment of the surgical site before the sur-
gical incision is obligatory since most infectious
complications developed after surgery are caused
by the patient’s own microflora [37]. The efficacy
of povidone-iodine as an antiseptic for treating the
surgical site before surgery was confirmed in a ma-
jor study conducted on 7,669 patients, as well as the
Cochrane Review [38—40]. It has been revealed that
washing surgical wounds with an aqueous solution
of povidone-iodine during surgery reduces the in-
cidence of SSIs [41,42].

A.N. Aidemirov (2012) reported a decrease in
the number of wound complications after the ap-
plication of tissue latex glue to eliminate the dead
space between the endoprosthesis and walls of her-
nial sac during surgery [43]. Authors found that the
combination of an endoprosthesis with TachoComb
device reduces the number of wound complica-
tions [44]. V.F.Chikaev et al. (2015), after plastic
surgery of the hernial orifice, covered the wound
surface with gauze napkins treated with the He-
moblock agent. The exposure time with the Hemo-
block agent was 3 min. This drug is effective as
a prophylactic agent for seromas, hematomas, and
wound discharge volume reduction [45].

Authors proposed injecting intraoperatively
a 10% solution of colloidal silver into the surgical
wound, after eliminating signs of strangulation of
hernia. At the same time, edges of hernial orifice
were first pricked along the perimeter at a rate of
0.1 ml of solution per 1 cm? of the aponeurosis, and
then the synthetic implant was fixed by pricking
along the suture line along the periphery at a rate of
0.1 ml per 1 cm of the suture. After that, the subcu-
taneous fatty tissue was infiltrated with a solution
of colloidal silver at a rate of 0.1 ml of solution per
1 cm? of wound. The method provided a significant
reduction in the risk of pyoinflammatory compli-
cations development in patients with a strangulated
hernia, and accelerated the processes of reparative
tissue regeneration [46].

In order to prevent SSI on the incision in the pro-
cess of a layer-by-layer wound closure, surgeons re-
sort to a staged irrigation of the wound cavity with
solutions of antibiotics (gentamicin) or antiseptics
(0.5% aqueous-alcoholic solution of chlorhexidine)

[47]. A.S.Kasenov (2018), in his studies, proved
that the prevention of pyoinflammatory complica-
tions when using a solution of decamethoxin and
octenidine dihydrochloride plus phenoxyetha-
nol helps to reduce the frequency of pyoinflam-
matory complications by almost five times, and
the presence of these drugs in the wound accele-
rates the wound process. These solutions were used
to treat the abdominal cavity during surgery and
in the postoperative period by washing the drai-
nage tube with 0.02% decamethoxin solutions [48].

Postoperative prevention methods. Ultra-
sound examination of the anterior abdominal wall
after laparotomy, as well as postoperative wounds
of soft tissues of various localizations, is used in
surgical practice to assess the course of wound pro-
cess in the site of postoperative intervention and
diagnose developing complications. Superficially
localized (subcutaneous tissue) foci of purulent in-
flammation have rather distinct clinical manifesta-
tions (hyperemia, edema, and pain), which enable
early stages diagnosis of pathological process. Dis-
ruption of wound healing process in deeper layers
(muscular-aponeurotic layer) is clinically manifes-
ted much later, and is therefore diagnosed late.

According to a number of authors, the study of
the dynamics of postoperative changes in the site
of surgery using ultrasound enables to determine
postoperative local complications (infiltrates and
fluid accumulations) in early stages before the de-
velopment of a purulent process, as well as predict
complications of the course of wound process [49,
50]. When prescribing an ultrasound scan, tasks are
always posed to assess the pathological formation
in the anterior abdominal wall (in the area of the
postoperative scar), as well as its location and di-
mensions. Ultrasound can supplement the clinical
presentation and reveal the formation of serous ac-
cumulations at a significant distance from the inci-
sion line [50-53].

A.LKilin et al. (2013) conducted a study of the
postoperative wound from the proximal angle of the
wound to the distal one in transverse and longitudi-
nal scanning in B-mode to determine pathological
formations in the thickness of soft tissues. In addi-
tion, the local arterial blood flow was analyzed by
color duplex scanning. Indices of the postoperative
wound site were compared with the intact area. In
the presence of one or more indirect signs of inflam-
mation, such as increase in diameter and number of
vessels by 50% or more, increase in average peak
systolic velocity by 50%, and resistance index in
the arteries of the abdominal wall superficial layer
by 30% or more, the SSI can be diagnosed [54].

Thus, despite the variety of existing methods for
the prevention of pyoinflammatory complications
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of postoperative wounds, this problem currently
remains unresolved and requires further research to
find more efficient and clinically available methods.
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