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RESUMO

Introducao: Lesdes purulentas dos pés no diabetes mellitus trazem sofrimento excruciante ao paciente, reduzem
a gqualidade de vida e muitas vezes levam a amputacdo do membro e possivel morte. Os resultados
decepcionantes do tratamento de complicagBes purulentas do diabetes encorajam a busca por novas
abordagens de tratamento e métodos para avaliar o potencial reparador de defeitos de feridas. Objetivo: O
estudo teve como objetivo melhorar os resultados do tratamento das complicagBes purulento-necréticas do pé
diabético, estudar a avaliagdo morfolégica dos processos de cicatrizacdo ao usar métodos de tratamento
promissores, como tecnologias de higinizag&o programaveis. Metodos: Nos ultimos 10 anos, foram analisados
os resultados do tratamento de 106 pacientes com complicagdes necrdticas purulentas da sindrome do pé
diabético (SLD) sem isquemia critica. Os pacientes foram randomizados em dois grupos. No grupo experimental
(n = 55), ap6s o tratamento cirdrgico, a ferida foi suturada firmemente e, no pds-operatério, foi realizado o
desbridamento programado com o aparelho AMP-01 original. No grupo controle de pacientes (n = 51), a ferida
purulenta ndo foi suturada no pos-operatorio, o tratamento local foi realizado com solugbes de ioddforos,
pomadas a base de polietilenoglicol. Para avaliar a dinAmica dos processos reparadores em feridas purulentas,
foi utilizado um método citologico, que permite avaliar de forma rapida e confiavel o estagio do processo da ferida
e a eficacia do tratamento. A simplicidade e disponibilidade do método permitem que seja recomendado a todos
os especialistas praticantes. Resultados e Discussdes: No grupo experimental, no dia 9 apds a cirurgia, 0
numero de formas degenerativas de neutréfilos em esfregacos citolégicos foi 2,9 vezes menor do que no grupo
controle - 12,3 £ 0,3% versus 36,4 + 0,4% (p <0,001), o indicador RDI no grupo experimental foi 3,4 vezes maior
em comparag¢ao com o grupo controle - 2,6 £ 0,1 e 0,9 £ 0,1, respectivamente (p <0,001). Isso indicava fagocitose
mais ativa, limpeza mais rapida da cavidade purulenta. Um aparecimento mais precoce de células de tecido
conjuntivo jovem foi observado no grupo experimental, o nimero de fibroblastos no dia 9 apés a cirurgia foi 4,6
vezes maior (6,4 £ 0,4%) do que no grupo controle - 1,4 + 0,1% (p <0,001), que confirmou a presenca de
processos regenerativos ativos na ferida. Conclus@es: O uso de tecnologias de higienizagdo programaveis no
tratamento de complicacdes purulentas do pé diabético leva a uma reducao mais significativa na duragdo da fase
de inflamacéo e aceleracdo dos processos reparadores.

Palavras-chave: sindrome do pé diabético, complica¢des necroticas purulentas, tecnologias de sanacao
programaveis, processo de reparo citolégico.
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ABSTRACT

Background: Purulent lesions of the feet in diabetes mellitus bring excruciating suffering to the patient, reduce
the quality of life and often lead to limb amputation and possible death. The disappointing results of the treatment
of purulent complications of diabetes encourage the search for both new approaches to treatment and methods
for assessing the reparative potential of wound defects. Aim: This study aimed to improve the treatment of
purulent-necrotic complications of the diabetic foot by studying the morphological assessment of healing
processes when using promising treatment methods such as then programmed debridement. Methods: Over the
past 10 years, the results of treatment of 106 patients with purulent-necrotic complications of diabetic foot
syndrome (DFS) without critical ischemia have been analyzed. The patients were randomized into two groups. In
the experimental group (n = 55), after surgical treatment, the wound was sutured tightly, and in the postoperative
period, programmed debridement was carried out using the original AMP-01 device. In the control group of
patients (n = 51), the purulent wound was not sutured after the operation, and local treatment was carried out with
solutions of iodophors, ointments based on polyethylene glycol. To assess the dynamics of reparative processes
in purulent wounds, a cytological method was used, which makes it possible to quickly and reliably assess the
stage of the wound process and the effectiveness of the treatment. The simplicity and availability of the method
allows it to be recommended to all practicing specialists. Results and Discussion: In the experimental group, by
day 9 after surgery, the number of degenerative forms of neutrophils in cytological smears was 2.9 times lower
than in the control group - 12.3 £ 0.3% versus 36.4 £ 0.4% (p <0.001) - and the RDI indicator in experimental
group was 3.4 times higher compared with the control group - 2.6 + 0.1 and 0.9 * 0.1, respectively (p <0.001).
This indicated more active phagocytosis, more rapid cleansing of the purulent cavity. An earlier appearance of
cells of young connective tissue was observed in the experimental group. The number of fibroblasts by day 9 after
surgery was 4.6 times higher (6.4 £ 0.4%) than in the control group - 1.4 + 0.1% (p <0.001), which confirmed the
presence of active regenerative processes in the wound. Conclusions: The use of programmable sanitation
technologies in treating purulent complications of a diabetic foot leads to a more significant reduction in the
duration of the inflammation phase and acceleration of reparative processes.

Keywords: Diabetic foot syndrome, purulent-necrotic complications, Programmable sanitation technologies,
cytological reparative process.

AHHOTALUA

AKTyanbHOCTb: [HOVHbIE NMOpaXKeHWUs1 CTON Npu caxapHoM guabeTe — 3TO UCTOYHWK MyYUTENbHbIX CTpagaHui
naumneHTa, CHUXaKLWMX KayeCTBO KU3HU U HEePeaKo NPUMBOAALLMX K aMnyTauum KOHEYHOCTM M BO3MOXHOMY
neTanbHOMYy wucxogy. HeyTewwuTenbHble pesynbTaTbl SlEYEHMSA THOWHbIX OCMOXHeHW auabeta nobyxaalT
3aHMMAaTbCH MOUCKOM Kak HOBbIX NMOAXOAOB K leYeHUo, Tak U MEeTOAO0B OLeHKU pernapaTMBHOro noteHumana
paHeBbix gedekToB. Llenb: NccnegosaHue 6bio HanpaBneHo Ha yrydlleHne pe3ynbTaToB NeYeHUst THOWHO-
HEKPOTUYECKNX OCMOXHEHWN AnabeTu4ecKom CToMbl, Ha W3ydYeHne MOpPdONOrMYECKoW OLEHKM MpOLLEeCCoB
3aXKMBMNEHNS MNpU  MPUMEHEHWU MEepCrneKkTUBHbIX METOAOB IleYeHMsA -NPorpaMMUPYEMbIX CaHaUMOHHbIX
TexHonormn. Metoabl: 3a nocnegHne 10 nmeT npoaHanuavpoBaHbl pe3ynbTatbl neveHns 106 naumeHToB C
FHOMHO-HEKPOTUYECKMMU OCMOXHEHMAMM cuHApoMa auabeTtudeckon ctonbl (COC) 6e3 siBNeHUn KpuTU4eCKon
nwemun. NMayneHTsl paHAOMM3UPOBaHbl Ha ABe rpynnbl. B rpynne 1(n=55) nocne xupyprudeckon obpaboTtku
paHa ywmBanach Harfyxo, a B nocrieonepaunoHHOM nepuoge OCyLeCTBAANUCE NporpaMmMmpyemble caHauum ¢
ncnonb3oBaHuem opurinHanbHoro ycrponctasa AMI-01. B rpynne 2 (n=51) nocne onepauun nauneHTbl nonyyanu
TPaauUMOHHOE MeCTHoe neyeHve. [ns oueHku OUHAMUKM penapaTyBHBIX MPOLECCOB B THOMHbLIX paHax
ncronb3oBanyM LUWUTOMNOrMYECKM MeTOod, MO3BONSAKLWMNA ObICTPO M [OCTOBEPHO OLEHWUTb CTaauio TeuveHus
paHeBoro npoecca 1 3deKTMBHOCTb NPOBOAMMOrO neveHus. NMpocToTa u 4OCTYNHOCTb MeToAa NO3BONSET ero
pekoMeHAOoBaTb BCEM MPaKTUKYOLWKMM crneumnanuctaMm. PesynbTaTbl n obeyxaeHue: B rpynne 1 k 9 cyTkam
KONMYeCcTBO AereHepatuBHbIX OPM HENTPOUIOB B LUMTONOMMYECKUX mMaskax Obinio B 2.9 pasa Huxe, 4em B
rpynne 2 -12.3+0.3% npoTtuB 36.4+0.4% (p<0,001), nokasatens POW B rpynne 1 6bin B 3.4 pasa Gonblue no
cpaBHeHuo ¢ rpynnon 2 - 2.6+0.1 n 0,9+0,1cootBetcTBeHHO (p<0,001). 310 cBMaeTenbcTBOBaNo o Honee
aKTMBHOM (parouutose, 6onee OGbICTPOM OUMLLLEHNM THOMHONM nonocTu. B rpynne 1 Habntoganock 6onee paHHee
NoOsIBIIEHNE KIETOK MOMOAOW COeAMHUTENBHOM TKaHU, konmyectBo ombpobnactos k 9 cyTkam 6bino B 4.6 pasa
Gonbwe (6.4£0.4%), 4em B rpynne 2 - 1.4+0.1% (p<0,001), 4TO NOATBEpPXAANO HanNMine axkTUBHbIX
pereHepaTopHbIX NPOLEeCcCoB B paHe. BoiBoabl: [NpumeHeHne nporpammupyembix CaHaLMOHHbLIX TEXHOMNOMMI Npu
fIe4YEeHNU MTHOVHbIX OCNOXHEHU AnabeTn4eckon CTonbl NPMBOAMUT K 6Honee 3Ha4MMOMy COKpaLLEeHMI0 CPOKOB dasbl
BOCMarneH1s 1 YCKOPEHWI0 penapaTuBHbIX NPOLLECCOB.

KnioyeBble cnoBa: CuHdpom  Quabemuyeckol  cmoribl, 2HOUHO-HEKPOMUYECKUE  OCIIOXKHEHUS,
lMpozpammupyembie caHayUOHHbIE MEeXHO02UU, YUmorioaudeckoe penapamusHbili npoyecc.
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1. INTRODUCTION:

At the present stage, the problem of
diabetes mellitus (DM) is acquiring medical and
social significance, which is explained by the high
progressive prevalence, significant disability, and
increased mortality in patients with diabetes
(Galstyan, Vikulova, et al.., 2018; Dedov,
Shestakova, et al.., 2017; Mitish, Paskhalova, et
al.., 2014; Bakker, Apelqvist, et al.., 2016).

According to the World Health
Organization (WHO), diabetes currently affects
approximately 285 million people, and experts
predict an increase in the number of patients with
diabetes to 600 million by 2035 (Galstyan,
Vikulova, et al.., 2018; Dedov, Shestakova, et al.,
2017; Stupin, Silina, et al., 2019). In Russia, the
mortality rate from type 2 diabetes is 60.3 per 100
thousand population (Galstyan, Vikulova, et al.,
2018). In the United States, diabetes affects
approximately 9.4% of the population over 18
(Guariguata, Whiting, et al., 2011). In 2013,
diabetes-related health care costs cost US$ 548
billion, or 11% of total adult health spending, and
are projected to exceed US$ 627 billion by 2035
(Bordianu, Bobirca, et al., 2018).

Every year in the world, complications of
diabetes become the cause of death in 1.6 million
people, and, according to scientists, this figure will
double in 10 years (Ray, Valentine, et al., 2005).
Approximately 25% of diabetics are at risk of
developing diabetic foot ulcer (DFU), which is the
main reason for their hospitalization, which costs
US $ 40,000 per event (Armstrong, Boulton, et al.,
2017; Jang, Hong, et al., 2015; Nickerson, 2018).

It is possible to achieve healing of diabetic
ulcers by conservative measures only in 63—81%
of cases; amputation of various limb levels is
required in 14-24% of patients, while mortality
rates reach 13%. These figures emphasize the
need to search for innovative approaches to the
problem of treating purulent-necrotic
complications of diabetes mellitus (lvanov,
Serebryakova, et al., 2018; Yusupova, Nabiev, et
al., 2017). Most experts consider the conservative
approach to their treatment to be the main and
decisive one; however, the duration of such
therapy is many months. At the same time,
invasive methods of treatment are expensive, and
standard schemes of local drug therapy for wound
and ulcerative defects are ineffective (Mitish,
Paskhalova, et al., 2014; Ray, Valentine, et al.,
2005); Ivanov, Serebryakova, et al., 2018;
Yusupova, Nabiev, et al., 2017).

Slowing down of the healing process in

purulent lesions of diabetes is due to
polyneuropathy, angiopathy, osteoarthropathy,
which are interrelated factors and lead to the
development of formidable complications. These
complications often lead to the loss of a limb, and
sometimes pose a real threat to the patient's life
(Braun, L.R., Fisk, W.A. et al., 2014; Zaytseva,
E.L., Doronina, L.P. et al., 2014).

Over the past decade, fundamental
research in molecular cell biology has made
possible a better understanding of the underlying
mechanisms of wound healing in diabetes. In this
case, a violation of the synthesis of growth factors
is observed due to a decrease in the activity of
macrophages. The role of inflammatory cytokines
and matrix metalloproteases in reducing the rate
of extracellular matrix remodeling and the rate of
collagen accumulation has been proven (Baltzis,
Eleftheriadou, et al., 2014; Liu, Min, et al., 2009);
Li, Z., Guo, et al., 2013; Dinh, Tecilazich, et al.,
2012; Brancato, Albina, 2011; Mingyuan, Yiwen,
et al., 2012). These and other pathophysiological
mechanisms lead to a chronic protracted course of
wound defects in diabetes with a delay in their
healing.

Today, it is becoming more and more
urgent to solve the problems of predicting the
course of reparative processes that underlie the
structural and functional restoration of altered
tissues. In this regard, there is an urgent interest
in the development of both new approaches to
treatment and methods for assessing the
dynamics of healing of wound defects in DFS
(Zemskov, Chorochilov, et al., 2011; Lacci, Dardik,
2010; Han, Wang, et al., 2012; Larichev, Shishlo,
et al., 2011; Kuzin, Kostyuchenok, 1990).

This research aimed to study the results of
a cytological study of healing processes in
purulent lesions of diabetic foot syndrome (DFS)
using programmable sanitation technologies.

2. MATERIALS AND METHODS:
2.1. Sample

A total of 106 patients with purulent-
necrotic complications (PNC) of Diabetic Foot
Syndrome (DFS) without critical ischemia were
treated at the Oryol Regional Clinical Hospital for
the period 2008-2018.

2.2 Ethics

This study was carried out under the
requirements of the Declaration of Helsinki on

Periédico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°37)
Downloaded from www.periodico.tchequimica.com

214



World Medical Practice (revised in 2013). The
study was approved by the Ethics Committee of
the Oryol State University named after I. S.
Turgenev, Protocol No. 16 of 20.11.2020

2.3. Inclusion and Exclusion criteria

Inclusion criteria: patients with type 1 and
type 2 diabetes, no critical ischemia with TcPO2
values not lower than 27 mm Hg, degree of foot
tissue damage according to F.W. Wagner (1979)
Grade II-1V, signed informed consent. The study
did not include patients under 18 years of age, with
Wagner grade | and V of DFS, with TcPO2 in the
foot skin below 27 mm Hg, with extensive skin
defects in the surgical treatment area. The
presence of malignant tumors, concomitant
diseases in the stage of decompensation,
circulatory and respiratory insufficiency of the lli
degree, endocrine-metabolic and cerebral obesity,
drug addiction, pregnancy and lactation were also
exclusion criteria.

2.4. Groups of study

The patients included in the study were
randomized into two groups depending on the
methods of rehabilitation of purulent foci in the
postoperative period. The experimental group
consisted of 55 (51.9 %) patients (25 men and 30
women), after surgical treatment of the purulent
focus, tubular drains were installed in the wound
cavity, removed out through separate incisions,
and the wound was sutured tightly. Drains were
connected to the original AMP-01 device (patent
for invention No. 2539165 dated 27.11.2014),
which was used for programmed sanitation in the
postoperative period. The control unit of the device
was equipped with an individually selected
program of cyclic irrigation processes, antiseptic
aspiration and constant vacuuming, carried out in
an Autonomous mode. The set vacuum level in the
purulent cavity was maintained using a built-in
pressure sensor.

The control group included 51 (48.1 %)
patients (23 men and 28 women); after surgical
treatment of a purulent focus, they received
traditional local treatment using solutions of
iodophores, ointments based on polyethylene
glycol, and after the inflammation was stopped,
plastic foot reconstruction (PRS) was performed or
the wound was healed by secondary tension

Table 1 presents a comparative description
of the clinical parameters of the study groups. The
groups of patients were comparable in age,
gender, type of DM, clinical form of SDS and

indicators of transcutaneous oximetry in the skin
of the foot.

The volume of PNC of the diabetic foot in
patients of the study groups was diverse. In 75.5%
of cases, the bone and joint apparatus of the foot
was involved in the purulent-destructive process.
In 27 (25.5%) cases, there were purulent-necrotic
and purulent-granulating wounds after finger
amputations or foot resection performed in other
medical institutions. Tissue damage in the form of
dry gangrene was found in 21 (19.8%) patients,
and in the form of phlegmon, wet gangrene —in 15
(14.2%) patients. There was no correlation
between the distribution of patients according to
the nosological form of PNC of DFS and the lesion
volume in the study groups (x3- Pearson criterion
p=0,989). The distribution of patients in the study
groups depending on the nosological form of PNC
of DFS and the volume of lesion in accordance
with the classification of F.W. Wagner (1979) is
shown in table 2.

In the experimental group of patients with
neuropathic form, radical surgical treatment and
plastic reconstruction of the foot (PRS) were
performed in one stage. Stage-by-stage sanation
of the purulent focus was performed in the
neuroishemic form, and after the inflammation was
stopped, PRS was performed. Programmable
sanation was used in all cases in the postoperative
period after wound suturing.

Patients of the study groups received
complex therapy, which included complete foot
relief, insulin therapy with fractional administration
of adequate doses of the drug under the control of
glycemia, etiotropic antibiotic therapy, and
anticoagulants and immunomodulators were
prescribed according to indications. Patients with
neuro-ischemic DFS were prescribed perfusion
vascular therapy. Primary surgical operations in
patients in the study groups are presented in table
3. According to Pearson's x>-test, there are no
differences between the groups (p=0.72).

2.5. Research methods

Patients underwent the following research
methods: a collection of complaints, anamnesis of
the disease, assessment of comorbital conditions,
clinical examination of organs and systems. All
patients underwent laboratory tests, radiography
of the feet in two projections, assessment of macro
- and microhemodynamics using ultrasound
duplex scanning of the arteries, Doppler
examination of the lower extremity arteries,
transcutaneous oximetry on the TSM 400 device
of Radiometer medical (Denmark), and
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bacteriological examination of the wound

discharge in dynamics.

2.6. Cytological examination

To access the healing of purulent foci of
the diabetic foot, a cytological research method
was used which makes it possible to quickly and
reliably assess the stage of the wound process
and the effectiveness of the treatment (lvanusa,
S.Y., Risman, B.V. et al., 2016; Kamaev, M.F.,
1954).

In the experimental group, material was
taken from the depth of the sutured wound using
the "puncture biopsy" method (Kaem and Karlov,
1977; Sergel and Goncharova, 1990). According
to this technique, the wound exudate and cellular
tissue elements were aspirated from the depth of
the wound and its walls with a syringe through a
sterile injection needle, which was attached to it
and inserted into the depth of the wound. The
resulting material was applied to a glass slide,
evenly spreading and drying at room temperature.
In the control group, the method of surface biopsy
was used according to M.P. Pokrovskaya and
M.S. Makarov (1942) modified by M.F.Kamaev
(1954) (Kamaev M.F., 1954). With this material
sampling technique, the surface layer of the
wound is scraped with a special spatula or the
handle of a surgical scalpel. The resulting material
was applied to a glass slide, evenly distributed in
a thin layer, and dried at room temperature. The
smears thus obtained were immersed in methanol
for 5 minutes for fixation and then stained
according to the Romanovsky-Giemsa method
using a solution (1 ml of standard liquid paint + 2
ml of basic buffer solution at pH 6.4-6.5 + 47 ml
distilled water). Staining was carried out for 40—
120 min, and the duration of staining was selected
empirically. The swabs were then rinsed in distilled
water, dried, and examined by immersion.

Cytological examination of smears from
the surface of wounds was carried out in
dynamics: on the first day at the time of
randomization, and then on the 3rd, 5th, 7th, and
9th days. Smears were studied by microscopy with
a magnification of 630 times with the calculation of
shaped elements and the output of the average for
10 fields of view. The resulting value was
expressed as a percentage per 100 counted cells.
Used an Axio Al light microscope (Zeiss,
Germany) with a set of accessories. Photographs
were taken using the AxioCam 105 color camera
(Zeiss, Germany) using the ZEN 2 blue edition
software (Zeiss, Germany), which was calibrated
using an object micrometer of transmitted light with

a division price of 0.005 mm.

The study followed the characteristics of
cytograms with the definition of one of the 6 types
of cytological picture according to V. F. Kamaev
(1954), corresponding to different stages of the

wound process: degenerative-necrotic type,
degenerative-inflammatory type, inflammatory
type, inflammatory-regenerative type,

regenerative-inflammatory type, regenerative type
(Davydov, Larichev, Abramov, 1990).

To fully assess the wound healing picture,
the regenerative-degenerative index (RDI) was
calculated, which was determined by the formula
RDI = (STAB+SEGS)/DN, where STAB is the
number of rod — shaped neutrophils in the field of
vision; SEGS is the number of segmented
neutrophils; DFN is the number of degenerative
forms of neutrophils (Davydov et al.., 1990;
(Davydov, Larichev, Abramov, 1990). If the RDI
was less than one, it indicated a pronounced
inflammatory process in the wound, if the value of
this indicator became more than one, it meant the
transition of the wound process to the regeneration
phase.

2.7. Statistics

The work was performed in the design of a
simple randomized comparative controlled study
in parallel groups. The SPSS Statistics 25 (IBM)
program was used for statistical processing of the
obtained data. To study the relationship between
gualitative features, conjugacy tables and
calculated Pearson's x?-criterion or the Fisher's
exact criterion were made. If there is a relationship
between qualitative features, the shares of
features were compared using the z-criterion of
equal shares. The significance of differences
between groups by quantitative characteristics
was evaluated using the student's parametric t-
test and the nonparametric Mann-Whitney test for
unrelated groups. For related groups, the
parametric t-test for dependent samples and the
nonparametric Wilcoxon sign test were used. To
assess changes in the dynamics of quantitative
indicators, an analysis of variance with repeated
measurements with the setting of a time factor and
a group was used. As a result of the analysis of
variance with repeated measurements,
hypotheses were tested: whether the change in
indicators over time is significant, whether there is
a difference between groups, and if there is a
statistically significant interaction between the time
factor and the group. The latter hypothesis allowed
us to prove the difference in the change of
controlled indicators over time depending on the
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group. Differences were considered statistically
significant when the probability value was less
than 0.05 for a two-way critical region.

3. RESULTS AND DISCUSSION:

In cytological smears at the time of
randomization in both groups of the study, patients
with PNC of DFS had a pronounced predominance
of degenerative neutrophils (DN) (82.6+3.2%),
and there were very few preserved forms of white
blood cells. The regenerative-degenerative index
(RDI) was significantly lower than one (0.2+0.1). A
degenerative-necrotic type of cell reaction
characterized the cytological picture. Microflora
was present in large numbers, mainly
extracellularly, but sometimes it could be found
intracellularly in a state of incomplete or perverted
phagocytosis. The preparations contained
accumulations of necrotic masses and amorphous
gelatinous interstitial substance. The cellular
composition of cytological smears in patients with
purulent complications of DFS in the study groups
at the time of randomization is presented in table
4.

All  parameters of the statistical
assessment of the cellular composition of
cytological smears on the first day of observation
in both study groups are close in values (p> 0.05),
which made it possible to judge the homogeneity
of the groups.

On the 5th day after randomization in the
experimental group, the cytological picture
corresponded to  the inflammatory  or
inflammatory-regenerative cellular reaction type.
There was a statistically significant decrease in the
number of degenerative neutrophils (DN) (37.34
2.33%), an increase in the number of preserved
forms of neutrophils: segmented neutrophils
amounted to 38.69 * 1.33%, stab - 5.55 + 0.39%
(p <0.001).

There was a statistically significant
increase in the regenerative-degenerative index
(RDI) - 1.19 + 0.09 (p <0.001). Plasma cells,
histiocytes appeared. There was a statistically
significant increase in the number of active
macrophages - 3.59 £ 0.25%, lymphocytes - 4.79
+ 0.24%, fibroblasts - 3.21 + 0.31% (p <0.001).
Groups of cells of young connective tissue in the
form of fibrocytes, fibroblasts, fibrous fibers were
found. Microflora was determined in small
amounts at the stage of complete phagocytosis.

In the control group, on the 5th day of
treatment, the cytological picture in smears
changed little, the number of DNs significantly

decreased - 72.5 £ 1.37% (p <0.05), the number
of segmented and stab neutrophils slightly
increased, the degree of their preservation slightly
increased. The RDI value decreased statistically
significantly - 0.49 + 0.04 (p <0.05). Microflora was
found in moderate quantities; cases of completed
phagocytosis were more often observed. The
appearance of low-differentiated mononuclear
cells was noted. There were single actively
phagocytic leukocytes, lymphocytes, single
elements of granulation tissue (table 5). The
cytological picture  corresponded to the
degenerative-inflammatory type of cell reaction,
reflecting the weak course of inflammatory
reactions in the wound. Figures 1 and 2 show
fragments of cytological smears from the wound
surface on the 5th day in the study groups.

When assessing the dynamics of the
cellular composition of cytological smears on the
5th day of the postoperative period, a significant
difference was obtained between the study
groups. According to the results of analysis of
variance with repeated measurements, it was
proved that there are statistically significant
changes in the cellular composition of cytograms
in both groups on the 5th day after surgery (p
<0.001). There was a statistically significant
presence of interaction between the time factor
and the group (p <0.001).

On the 9th day of the postoperative period,
a statistically significant decrease in degenerative
neutrophils (12.28 + 0.29%) was observed in the
experimental group, preserved forms of
neutrophils prevailed - segmented - 28.21 +
0.94%, stab - 3.63 £ 0,18% (p <0.001). There was
a statistically significant increase in RDI values -
2.61 £ 0.09, the number of macrophages - 12.17 +
0.68%, fibroblasts - 6.44 + 0.38% (p <0.001).
Young elements of connective tissue, polyblasts
prevailed over neutrophils and were located
among the fibrous structures of the intermediate
substance. The epithelium was presented in
smears in the form of sheets of cells. Microflora
was absent. The cytological picture corresponded
to the regenerative-inflammatory or regenerative
type of cellular reactions.

By the 9-10th day, the cytological picture
began to acquire features characteristic of
regenerative processes in the control group. The
number of degenerative neutrophils decreased
statistically significantly - 36.42 + 0.36%, there
were more preserved forms: HF - 24.31 + 0.88%,
PN - 8.09 £+ 0.84% (p <0.05). There was a
statistically significant increase in the RDI value,
which approached one - 0.90 + 0.03. Microbes in
the wound were detected in small numbers and
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were intracellularly in the phase of complete
phagocytosis. The number of mononuclear cells
significantly decreased, and the detection of their
derivative forms in the process of differentiation
became natural: the number of polyblasts
increased, fibroblasts appeared - 1.39 = 0.13%,
the number of macrophages increased (2.21 +
0.19%). Along with cellular elements, delicate
fibers of the intermediate substance were
observed. The cytological picture in smears
corresponded to the inflammatory regenerative
type of cellular reactions (Table 5). Figures 3 and
4 show fragments of cytological smears from the
wound surface on the 9th day in the study groups.

For both groups, statistically significant
changes in the cellular composition in cytograms
on the 1st and 9th days of the postoperative period
were proved: a decrease in the number of
degenerative neutrophils in the experimental
group (M = o) from 82.5 £ 1.9% to 12.3 + 0.3%, in
the control group from 84.6 + 3.7% t0 36.4 + 0.4%
(p <0.001); an increase in the preserved forms of
neutrophils (segmented neutrophils) - in the
experimental group (M = o) from 14.2 £ 0.2% to
28.2 + 0.9%, in the control group from 16.2 + 0.3%
to 24 .3 + 0.9% (p <0.001); increase in RDI value
- in the experimental group (M £ 0) from 0.2+ 0.1%
t0 2.6 £ 0.1%, in the control group from 0.2 £ 0.1%
to 0.9 £ 0, 03% (p <0.001).

In the experimental group, where
programmable sanitation technologies were used,
there was a faster decrease in the number of
degenerative neutrophils, an increase in their
preserved forms, a faster increase in RDI, and the
differences between the groups were statistically
significant in general over the entire observation
period (p <0.001). The presence of a significant
interaction between the time factor and the group
(p <0.001) was also found, in the experimental
group by the 9th day the number of degenerative
forms was significantly lower - 12.28 + 0.29%, in
contrast to the control group (36.42 £ 0.36 %), the
number of intact forms of neutrophils was higher -
28.21 + 0.94% and 24.31 + 0.88%, respectively.
There was a more rapid increase in RDI in the
experimental group on day 9 (2.61 * 0.09)
compared with the control group (0.90 £ 0.03).
This indicated a more active phagocytosis, rapid
cleansing of the purulent cavity. The dynamics of
the average values of degenerative neutrophils
and RDI in the study groups is shown in Figures 5
and 6.

To assess the reparative potential of
purulent wounds, a cytological assessment of the
guantitative  composition of  lymphocytes,
macrophages and fibroblasts in the study groups

on the 1st and 9th days of the postoperative period
was carried out. For both groups, a statistically
significant increase in the number of lymphocytes
was proved - in the experimental group (M % o)
from 0.4 £ 0.1% to 7.5 + 0.6%, in the control group
from 0.2 £ 0.1% up to 2.5 £ 0.6% (p <0.001),
statistically significant increase in the number of
active macrophages - in the experimental group
(M £ 0)to12.2 £ 0.7%, in the control group to 2.2
+ 0.2% (p <0.001). Also, on day 9, a statistically
significant increase in fibroblasts was observed -
in the experimental group (M + o) up to 6.4 + 0.4%,
in the control group up to 1.4 + 0.1% (p <0.001).

In the experimental group, where
programmable sanitation technologies were used,
there was a faster increase in the number of
lymphocytes, earlier appearance of macrophages
and cells of young connective tissue in the form of
fibrocytes, fibroblasts, and the differences
between the groups were statistically significant in
general over the entire observation period (p
<0.001).

The presence of a significant interaction
between the time factor and the group (p <0.001)
was also found, in the experimental group by the
9th day the number of Ilymphocytes was
significantly higher - 7.5 + 0.6%, in contrast to the
control group (2.5 % 0.6%), the number of
macrophages was higher - 12.17 + 0.68% and
2.21 + 0.19%, respectively. In the experimental
group, there was an earlier appearance of young
connective tissue cells in the form of fibrocytes,
fibroblasts, and their increase by day 9 to 6.44 +
0.38%, in contrast to the control group - 1.39 +
0.13%. This indicated active regenerative
processes in the wound in the experimental group
of patients. A regenerative type characterized the
structure of cytograms. The dynamics of the
average values of macrophages and fibroblasts in
the cytograms of both study groups is shown in
Figures 7 and 8.

Thus, analyzing the dynamics of the
cytological picture in patients with purulent-
necrotic complications of DFS in the study groups,
it was noted that traditional treatment revealed a
low intensity of cellular reactions in the wound, an
elongation of the inflammatory phase, and the
inflammatory type of cytograms was noted only by
the 9th day after surgery. Also, the control group
observed sluggishness of reparative processes in
the wound, causing a significant duration of the
regeneration phase, and later onset of the scar
reorganization phase. This led to a lengthening of
the timing healing.

The use of programmable sanitation
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technologies allowed to create conditions for
better sanitation of the purulent focus, led to a
reduction in all phases of the wound process.
Surgical treatment of the purulent focus, long-term
washing of the wound cavity in the postoperative
period, and software for the drainage process
made it possible to clear the wound of non-viable
tissues, toxins, and proteolytic enzymes in a short
time, reducing microbial contamination in the
wound. As a result, the stage of rejection of
necrotic tissues was extremely reduced. Early
closure of the wound with sutures using active
drainage under conditions of minimal inflammatory
reaction in the wound significantly accelerated the
reparative processes, creating conditions for
developing and completing the regeneration
phase. Already on the 3rd day after the operation
in the experimental group, the smears showed the
appearance of a large number of mononuclear
cells, the rapid maturation of which later led to the
appearance of fibroblasts and the predominance
of non-cellular elements of connective tissue. The
regeneration phase and the rumen reorganization
phase were reduced.

4. CONCLUSIONS:

Cytological examination of smears in
patients with purulent lesions of diabetic foot
syndrome  using programmed  sanitation
technologies revealed a higher rate of cellular
reactions in the wound. There was a statistically
significant faster decrease in degenerative forms
of neutrophils, a positive redistribution of rod and
segmentonuclear neutrophils in combination with
an increase in the regenerative-degenerative
index, indicating an acceleration of the relief of the
inflammatory process. The appearance of
macrophages and young connective tissue cells in
the form of fibrocytes, fibroblasts, and fibrous
fibers was also reliably observed at an earlier time,
which indicated active regenerative processes in
the wound.
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Table 1. Comparative characteristics of the clinical parameters of the studied groups. Source: the

author

Parameter

Experimental group

Control group

p-value of
significance of

(n=55) (n=51) differences
between groups

Average age Me (M+o)*** 56(59+8) 59(60+9) 0,26*

Gender male (n, %) 25 (45,5%) 23 (45,1%) 1,00%*
female (n, %) 30 (54,5%) 28 (54,9%)

Diabetes Type 1 5 (9,1%) 4 (7,8%) 1,00**
mellitus type Type 2 50 (90,9%) 47 (92,2%)

DFS form neuropathic 32 (58,2%) 31 (60,8%) 0,66**
neuroischemic 23 (41,8%) 20 (39,2%)

TcPO2 neuropathic 32,8 [32,3; 34,8] 33,2 [32,2; 34,8] 0,462*

[Ql;(g??])*** neuroischemic 28,8 [27,8; 29,4] 28,6 [27,8; 29,4] 0,536*

mm Hg

Notes: * t-test for independent samples; ** Fisher's exact test *** Me-median, Mto - mean and standard
deviation, Q1-lower quartile, Q3-upper quartile

Table 2. Distribution of patients in the study groups depending on the nosological form of purulent-
necrotic complications of DFS and the extent of the lesion in accordance with the classification of
F.W. Wagner (1979). Source: the author

The volume of _
the lesion Experimental Control
Nosological form of under the group (n=55) | group (n=51) Total
purulent-necrotic process classification
on the foot of F.W. Wagner
(1979) n % n %
Deep ulcer 2 5 9,1 4 7,8 9
Deep ulcer + Chronic
osteomyelitis of the finger 3 3 50 3 5.9 6
Phlegmon of the toe + > 5 91 6 11.8 11
phlegmon of the foot
Osteomyelitis of the toe + 3 3 145 9 17.6 17
phlegmon of the foot
Purulent wound after
amputation of toes or
resection of the foot, 3 14 25,5 13 25,5 27
previously performed in other
medical institutions
Dry gangrepe of one or more 4 12 218 9 17.6 21
ingers
Wet gangrene of the toe + 4 3 145 7 13.7 15
phlegmon of the foot
Total: 55 100 51 100 106
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Table 3. Primary operations in patients of the study groups

Experimental Control group
Primary operations group (n=55) (n=51) Total
% %

Surgical treatment 9 16,4 9 17,6 18

Opening phlegmon 13 23,6 18 35,3 31

Finger amputation 9 16,4 11,8 15

Amputation of the distal foot 12 21,8 8 15,7 20

Transmetatarsal amputation of the foot 12 21,8 10 19,6 22
Total: 55 100 51 100 106

Table 4. Cell composition of cytological smears in patients with purulent complications of DFS in the

study groups at the time of randomization, in% per 100 cells

Experimental group Control group p-value | p-value of the Mann-
of t-test Whitney test
Cell types Mzto™, Me[Q1;Q3]* Mzto*, Me[Q1;Q3]*
in% per in% per

100 100

cells cells
STAB 1,8+0,2 1.8[1.7;1.9] 1,8+0,2 1,7[1,6;1,8] 0,706 528,500
SEGS 14,2+0,4 | 14,2 [14,0;14,4] | 16,2+0,4 | 16,2 [16,0;16,2] 0,647 502,500
DN 82,6+3,2 | 64,5([64,5;72,4] | 84,2+6,2 | 68,2 [68,2;72,4] 0,005 317,500
RDI 0,2+0,1 0,2[0,1;0,2] 0,2+0,1 0,2 [0,1;0,2] 0,976 558,000
L 0,4+0,2 0,4 [0,3;0,5] 0,2+0,1 0,2 [0,1;0,2] 0,000 69,000

Notes: stab - stab neutrophils, segs - segmented neutrophils, DN - degenerative neutrophils, RDI - regenerative-
degenerative index, L — lymphocytes*Me-median, M+o - mean and standard deviation, Q1-lower quartile, Q3-
upper quartile

Table 5. Cell composition of cytological smears in patients with purulent complications of DFS in the
study groups (M % o), % per 100 cells

Experimental group Control group
Cell types 5 days after 9 days after 5 days after 9 days after
surgery surgery surgery surgery
DN 37,34+2,33 12,28+0,29 72,5+£1,37 36,42+0,36
STAB 5,55+0,39 3,63+0,18 6,2+0,24 8,09+0,84
SEGS 38,69+1,33 28,21+0,94 28,96%2,25 24,31+0,88
RDI 1,19+0,09 2,61+0,09 0,49%0,04 0,90£0,03
L 4,79%0,24 6,81+0,48 0,77£0,23 1,84+0,43
M 3,59+0,25 12,17+0,68 0,17+0,06 2,21+0,19
F 3,21+0,31 6,44+0,38 0,12+0,02 1,39+0,13

Notes: DN - degenerative neutrophils, STAB - stab neutrophils, SEGS- segmented neutrophils, RDI -
regenerative-degenerative index, L - lymphocytes, M - macrophages, F - fibroblasts

Periédico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°37)
Downloaded from www.periodico.tchequimica.com



Figure 1. Fragment of a cytogram of a smear from the wound surface on the 5th day, the in the
experimental group. Among neutrophils and polyblasts, fibrocytes, fibroblasts, fibrous fibers were
found. Romanovsky-Giemsa staining. Magnification x 63
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Figure 2. Fragment of the cytogram of a smear from the wound surface on the 5th day, the control
group. There are single actively phagocytic leukocytes, macrophages, lymphocytes. Elements of
granulation tissue are rare. Romanovsky-Giemsa staining. Magnification x 63
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Figure 3. A cytogram fragment for a smear from the wound surface, Day 9, Intervention group. New
elements of connective tissue, fibroblasts, polyblasts, macrophages are located among the fibrous
structures of the intercellular substance. The epithelium is presented in the form of layers of cells.

Romanovsky-Giemsa staining. x 63 lens

Figure 4. Fragment of the cytogram of a smear from the wound surface on the 9th day, the control
group. The number of mononuclear cells has decreased, the number of polyblasts, fibroblasts, and
macrophages has increased. Delicate fibrous structures of the intermediate were observed.
Romanovsky-Giemsa staining. Magnification x 63
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Figure 5. Dynamics of mean values of degenerative neutrophils in cytograms of both study groups.
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Figure 6. Dynamics of average RDI values in cytograms of both study groups. Source: the author

Periddico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°37)
Downloaded from www.periodico.tchequimica.com

226



Number of macrophages

14

12

10

/—&17

i

The experimental

- group

A s
Z

The control

group

v

ist 3rd Sth 7th Sth

Days

Figure 7. Dynamics of mean values of macrophages in cytograms of both study groups. Source: the

author
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Figure 8. Dynamics of average fibroblast values in cytograms of both study groups. Source: the

author
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