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Xiitlasa. Moqalads xronik yaralarda olan bioloji zarlara manfi atmosfer tozyiginin tasirini éyronmak
magqsadilo aparilmis todqiqat isi haqqinda malumat verilmigdir. Todgigata asagi atraflarinda olan xronik
yaraya gora miiayina va miialica almis, yasi 45-1> 75 arasinda olan 75 xasta calb edilmisdir. Mikroorqa-
nizmlorin identifikasiyast iiciin MALDI-TOF spektroskopiya (“Bruker” Almaniya firmasinn istehsali olan
aparat vasitasila) tisulundan istifads edilmisdir. Bioloji zarlarin amalo galmasinin ragamli parametrlori Stat
Fax 2100 fotometri vasitasilo miiayyanlaosdirilmisdir.

Xostalordon 72%-nin xronik yaralarinda mikrob zarlart miisahids edilmisdir. Xrvonik infeksiyanin
toradicilori arasinda Qram-monfi va Qram-miisbat bakteriyalarin miixtalif néviari askar edilmisdir, an ¢ox
yayimis mikroorqanizmlar isa Stafilokoklar qrupuna aid olmusdur. Vakuum-terapiyanin corrahi miialica vo
antibakterial terapiya ilo birgsa tatbigi bioloji zarlarin barpasinin qarsisini almis va yaralarin sonraki
infeksiyalasmasini aradan qaldirmisdir. Bu isa xronik yara probleminin radikal hallino imkan verir va
miialica alan xastalards yaralarin sagalmasina 100 % -li sarait yaradir.

Acar sozlor: bioloji zarlar, xronik xora, vakuum-terapiya, carrahi miialica

Knrwouesvie cnosa: buonnenxu, xponuueckas pana, VAC-mepanus, xupypeuueckoe jederue

Key words: biofilms, chronic wound, VAC therapy, surgical treatment
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The article presents the results of a study conducted to investigate the effects of negative atmospheric
pressure on the biofilms of chronic wounds. A total of 62 patients with chronic wounds of the lower
extremities, aged 45 to 75 years, were examined and treated. Microorganism identification was performed
using MALDI-TOF spectrometry (Bruker, Germany). The quantitative expression of biofilm formation was
represented by optical density values measured on the StatFax2100 photometer.Microbial biofilms were
detected in 72% of patients with chronic wounds. The causative agents of chronic infection included
representatives of both Gram-positive and Gram-negative flora, with a tendency for Staphylococcus species
to predominate. VAC therapy, in combination with surgical treatment and antibiotic therapy, prevented the
reformation of biofilm, hindered further wound infection, leading to a radical resolution of the wound
process, and resulted in wound healing in 100% of treated patients.
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Biofilms are ubiquitous in nature because it
is part of bacteria's own survival mechanism
[1]. As early as 1683, Antoni van Leeuwenhoek
observed and described biofilms using his
primitive microscope on material from his teeth.
However, the biofilm lifestyle of micro-
organisms was not of interest to medical
microbiologists until the early 1970s, when Nils
Hoiby discovered a connection between the
etiology of persistent infection and bacterial
aggregates in patients with cystic fibrosis [2].
Since then, it has been recognized that biofilms
are involved in many chronic infections [2,3]
and, when accumulated, influence their
pathogenesis [4,5,6].

Biofilms are complex colonies of bacterial
populations (bacteria and fungi) enclosed in a
protective extracellular polymeric substance
(matrix) that helps them adhere to a suitable
surface [6]. The main components of the
biofilm matrix are water (up to 97%), microbial
cells (up to 5%), polysaccharides, proteins and
nucleic acids (up to 2% of each component).
[7]. Bacteria in biofilms acquire a special form
of antibiotic resistance, which is manifested in
increased resistance to antimicrobial agents,
disinfectants and immune defense of the
macroorganism.

Research over the past two decades has
established the pervasive role of biofilm in the
formation of chronic wounds [8]. An analysis of
published data indicates a prevalence of
biofilms of 78.2% in chronic wounds, which
poses a significant threat to their healing [9].
One of the promising methods for treating
wounds of various etiologies is vacuum therapy,
negative pressure wound therapy — NPWT,
vacuum assisted closure —VAC), which is one
of the types of local treatment that is used to
optimize the course of the wound process
[10,11]. In recent years, significant progress has
been made in the study and use of VAC-
therapy, however, the mechanisms of influence
of this method on various parts of the wound
process require further research.

The purpose of the study: improve the
results of treatment of patients with chronic
wounds of the lower extremities by using
complex  treatment, including  surgical
interventions, VAC- therapy, and also studying
the effect of negative pressure on wound
biofilms.
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Materials and methods. During the period from
2018 to 2023 in the clinic of the Department of
General Surgery, Surgery No. 3, Traumatology and
Orthopedics of the Faculty of Professional
Education of the Dnieper Medical University, 62
patients with chronic wounds of the lower
extremities were examined and treated. These are
mostly women (58) aged 45 to 75 years. The area of
the wounds ranged from 5 to 30 cm in diameter.
Among the causes, 28 (45.2%) were complications
of chronic venous insufficiency, in 18 (29%) the
cause of wounds was mechanical injuries, in 8
(12.9%) — animal and insect bites; in 5 (8.1%) —
consequences of acute purulent diseases and in 3
(4.8%) — bedsores. The effectiveness of treatment
was assessed based on the study of clinical
indicators of wound healing and microbiological
examination. Microbiological studies were carried
out upon admission of patients to the hospital and on
the 14th day after VAC -therapy. In the operating
room, after treating the wound with an antiseptic
Betadine solution, an area of the wound surface was
excised. The biopsy specimen was ground in a
mortar with sterile saline solution at a ratio of 1:10.
Tenfold dilutions were prepared and inoculated
using the Gouldie method on blood nutrient agar
plates, followed by quantitative recording of
microbial contamination [13]. Identification of
microorganisms was carried out using MALDI-TOF
spectrometry  (Bruker, Germany). Quantitative
assessment of the ability of microorganisms to form
biofilms was carried out using the photometric
method in 96-well plates for enzyme immunoassay
[14]. To study the ability to form biofilms, one-day
cultures of Staphylococcus aureus and Escherichia
coli isolated from patients were used. The
quantitative expression of the degree of biofilm
formation was the optical density values measured
on a StatFax2100 photometer.

The S-300 VAC system was used to treat
wounds with negative pressure. During the first
installation of the system, the device was set to a
constant aspiration mode with a negative pressure in
the wound cavity of 80-110 mm Hg. Art. Vacuum
dressings were used (hydrophilic polyurethane
sponges with a pore size of 4002000 um with a
transparent adhesive coating, connected by a
drainage tube to a vacuum source apparatus). The
first period of system operation lasted from 24 to 48
hours, the second up to 3 days, the subsequent ones -
on average up to 5 days. The system was remounted
for the purpose of wound revision and during
surgical treatment in the operating room.

Statistical processing of the data was carried out
by determining the arithmetic mean (M) and its error
(m). The significance of the difference in mean
values was determined using the Student's t test.



Statistical data processing was carried out using a
personal computer using STATISTICA 6.1 software
(StatSoftInc., serial AGAR909E415822FA) and
Microsoft  Excel = (Microsoft Office 2016
Professional Plus, Open License 67528927) using
descriptive and analytical biostatistics methods and
multivariate statistical analysis methods.

Results. Complex treatment began with
VAC-therapy, both to prepare wounds for
surgery and to reduce tissue swelling, stimulate
blood flow and cleanse necrotic tissue. VAC-
therapy was also used after autodermoplasty
surgery (Fig. 1).

After completing the course of negative
pressure treatment in the postoperative period,
dressings with ointments with hyaluronic acid
were used: Cicatridina, Ialuset —for 2-3 weeks.
Treatment was carried out under the condition
of adequate unloading of the limbs. Targeted
antibacterial therapy was carried out against
the background of VAC -therapy and complex
surgical treatment. The course of treatment

was carried out in accordance with the results
of bacteriological cultures and the choice of
drugs to which the greatest sensitivity was
identified.

The use of VAC-therapy contributed to the
rapid cleansing of wounds, reducing their area
and depth, accelerated formation of granu-
lations and epithelization of edges, and re-
duced costs for wound care products. The
reduction in local phenomena of the inflame-
matory process occurred much faster and more
effectively than when using standard local
treatment (ointment dressings, wound co-
verings). This is confirmed by positive changes
in the local status on days 4-5 of treatment: a
decrease in hyperemia, tissue edema, as well as
the amount of wound exudate, a change in its
nature from purulent to serous. Signs of
epithelization of the wound edges appeared,
the tissue defect was gradually filled with
granulations and decreased in size (Fig. 2).

Fig.1. Chronic wound of the left knee joint. VAC-therapy.

Fig.2. Chronic wound of the left leg: a) upon admission to the hospital; b) after VAC therapy.
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Main representatives of microorganisms in chronic
wounds (n=47 strains)

Enterococcus faecalis
Acinobacter baumani
Proteus mirabilis
Escherichia coli
Enterobacter cloacae
Staph.haemolyticus

Staph.aureus

Fig.3. The main representatives of microorganisms in chronic wounds (n=47 strains)

The duration of treatment of patients in
hospital was on average (38 + 3) days.
Complete wound healing was achieved in all
patients. In 67% of patients, the transplanted
audoderm graft took root completely. Partial
lysis was observed in 28%, requiring
reoperation. In 3% of cases, the wounds
healed without surgery. In 2%, severe pain
was observed during exposure to negative
pressure, which forced the abandonment of
VAC therapy and plastic surgery using a
perforator propeller flap. Relapses were
observed in 2 patients 1 year later and in 1
patient 2 years after treatment.

Microbiological monitoring was carried
out upon admission and on the 14th day after
VAC- therapy. 47 strains of pathogens were
isolated (Fig. 3). The main representatives
among the isolated microorganisms were
Staphylococcus aureus (15 strains), coagu-
lase-negative staphylococci Staphylococcus
haemolyticus (8 strains). Enterobacter cloacae
(6 strains) and Escherichia coli (7 strains)
were found among enterobacteria; Entero-
coccus faecalis (6 strains), Proteus mirabilis
(3 strains) and Acinetobacter baumanii (2
strains).

The contamination of the wound in the
examined patients at the time of the initial
examination averaged 2.6+0.03x104 CFU/ml.
To examine the ability of isolated

microorganisms to participate in the for-
mation of biofilm conglomerates consisting of
bacteria and extracellular matrix, a photo-
metric method was used. The intensity of
biofilm formation was assessed 24 hours after
introducing microbes into plastic plates with
Mueller-Hinton broth. Biofilm formation was
studied before the start of VAC- therapy and
on the 14th day after exposure to negative
pressure. Biofilms were found in 72% of
patients with chronic wounds. A slight predo-
minance of the activity of staphylococcal flora
in the formation of biofilms was noted — 1.4-
1.6 cu. e. wholesale pl. compared to E. coli -
1.2-1.4 cu. e. wholesale pl. before the start of
treatment. On the 14th day after the start of
VAC -therapy, a tendency towards a decrease
in the intensity of biofilm formation was
found: in S. aureus — 1.2-1.5 c.u. and for E.
coli — 0.9-1.1 c.u. respectively. The VAC-
therapy we used prevented the restoration of
the biofilm and prevented further infection of
the wound.

Discussion. Our knowledge of biofilm and
its impact on wound healing, especially non-
healing wounds, is still evolving. Clinically, a
chronic wound with red, loose granulation
tissue covered with a mucous layer of exudate
that returns after debridement, with increased
production of discharge, and signs of
recession of the epithelial edge, most likely



has a biofilm [15]. In patients with chronic
wounds, a long-lasting inflammatory phase,
inflammatory mediators and proteases delay
the onset of proliferation and disrupt the
normal epithelialization process [16]. In the
outer layers of the biofilm, bacteria are
predominantly aerobic, actively metabolize,
multiply rapidly and grow easily in cultures.
Deep-lying bacteria can survive in low
oxygen concentrations in an anaerobic
environment, remain dormant for long periods
of time, and do not grow well on conventional
crops. A number of observations from
laboratory and animal experiments have
contributed to the wunderstanding of the
pathogenesis of delayed healing in biofilm-
colonized chronic wounds. But because the
biofilm itself is so complex, an individual
bacterial model is not sufficient to simulate a
truly complex clinical picture. The lack of
human experiments due to ethical concerns
provides little information about its effects on
chronic wounds. The underlying
pathophysiology of biofilm is thought to
involve manipulating the host's inflammatory
response and converting it primarily into a

constant source of nutrition. The inability of
the host immune system to suppress
hyperinflammation induces the conversion of
the innate immune response into an adaptive
immune response, which leads to arrest of
wound healing in the inflammatory phase and
inhibition of the proliferative phase and
epithelialization. Thus, biofilm directly or
indirectly affects all phases of wound healing
and is currently considered as an independent
factor in delaying the normal healing process.

Conclusions

1. Microbial biofilms were found in 72%
of patients with chronic wounds. The causa-
tive agents of chronic infection were
representatives of gram-positive and gram-
negative flora with a tendency to predo-
minance of representatives of the genus
Staphylococcus.

2. VAC-therapy in combination with
surgical treatment and proper antibacterial
therapy prevented the restoration of biofilm,
prevented further infection of wounds, which
led to radical solution of the wound process
and healing in 100% of treated patients.
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BAK-TEPAIIMA B JIEYEHUNA XPOHUYECKNX PAH HU)KHUX KOHEYHOCTEM:
AHAJIN3 JAHHBIX KJIMHUKHU U BUOIIVIEHOK
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Pe3rome. B cratbe mpencTaBiIeHB pe3yNbTaThl HCCIEIOBaHMS, MPOBEIEHHOTO C LENbI0 H3Yy4YEHHUS
JOEUCTBUSI OTPHLATENFHOIO aTMOC(HEPHOrO NaBjeHHs Ha OHOIUICHKH XpOHHUYecKuX paH. OOciemoBaHoO U
nposiedeHo 62 OOJBHBIX C XPOHMUYECKUMH PaHaMH HIDKHUX KOHEYHOCTeH B Bo3pacte oT 45 nmo 75 ner.
WnenTndukanmss MHUKpPOOPTaHU3MOB MpoBoawiack ¢ wucnoibp3oBaHueM MALDI-TOF cnextpomerpun
(«Bruker», I'epmanus). KonndecTBeHHBIM BBIpQKEHHEM CTEHEHH OHOIUICHKOOOPA30BaHUS —CITYKHIIH
3HAYCHUS ONTHYECKON IIIOTHOCTH, H3MepsieMblie Ha (hoTomeTpe StatFax2100.

Muxkpo6Hble OHOIUIEHKH OOHapykeHbl y 72% OONBHBIX ¢ XpOHHYECKUMH paHamH. BozOymurensimu
XpOHUYECKOM HMH(EKUNH OBUIM NPEeNCTaBUTEIN TPaMIOIOXKUTENFHON M TpaMOTPHULATENbHON (Iophl C
TEeHICHITMEH Tmpeobnamanmsi mpencraBurenelt poma Staphylococcus. VAC-tepanuss B CcodYeTaHUH C
XUPYPrHUECKUM JICUCHHEM U aHTHOAKTepHaTbHOW Teparveil MmpeoTBpaliana BOCCTAHOBICHNE OMOIUICHKH,
npeaynpexaana JaabHelee HHQUIUPOBAaHUE paH, YTO TPHBEJIO K PaAUKaJbHOMY PEIICHHIO MPOOIEMBI
paHeBoro mporecca u 3axuBieHuo pad y 100% nednBIIMXCs TallMEHTOB.
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