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Abstract

It is known that diabetes mellitus (DM) complicates the course of many diseases, since it affects almost all systems of
the human body. As the practice of 2020 has shown, this phenomenon also applies to infectious diseases. The work
analyzes the clinical and laboratory values and results of treatment of patients with purulent-necrotic complications of
DFS. All of these patients had a history of COVID-19 in 2020. In the majority of patients with purulent-necrotic complica-
tions of DFS, treatment ended with amputation of the hip. A mathematical model was developed, which was the basis of
the software module - a program for predicting the likelihood of limb amputation in ulcerative-necrotic lesions of DFS.
Due to the careful selection of the main parameters of the state of blood circulation in the limb and the degree of gener-
alization of the purulent-necrotic process, this program allows, in the conditions of a non-specialized multidisciplinary

medical institution, to predict the likelihood of limb amputation.

INTRODUCTION

Diabetes mellitus (DM) is known to complicate the
course of many diseases as it affects almost all hu-
man body systems [1]. As practice of 2020 showed,
this phenomenon also affects infectious diseases [2].
According to the WHO recommendations, people with
diabetes are a category of patients at high risk of a
severe course of COVID-19 [3]. Evidence is available
as to why coronavirus infection is not favorable in this
patient population [2-5]. The main argument is the
important role of hyperglycemia, which is seen in pa-
tients without control of their diabetes mellitus [6]. Ac-
cordingly, at present, we note a tendency of special
course of complications of DM, in particular diabetic
foot syndrome (DFS), in patients who have undergone
COVID-19.

MATERIAL AND METHODS OF RESEARCH

We have analyzed clinical and laboratory values
and treatment results of 126 patients with purulent-
necrotic complications of DFS. All these patients had
a history of COVID-19 in 2020. In 82 patients with pu-
rulent-necrotic complications of DFS, treatment result-
ed in amputation of the thigh.

The degrees of tissue damage in diabetic foot
syndrome were determined according to the Wagner
F. criteria developed in 1979. [7]: 0 - no ulcerous de-
fect, but there is dry skin, beak-like deformity of fin-
gers, protrusion of metatarsal bone heads, other
bone, joint abnormalities;

| - superficial ulcer without signs of infection;
Il - deep ulcer, usually infected, but without involve-
ment of bone tissue in the process;

Il - deep ulcer with abscess formation, involving
bone tissue;

IV - limited gangrene (toe or part of the foot);

V - gangrene of the entire foot.

To determine the qualitative composition of the
microflora, the wound exudate was inoculated on se-
lective nutrient media for aerobic and anaerobic mi-
croorganisms. Identification of Gram-negative bacteria
was performed by studying the biochemical activity of
these microorganisms using a number of differential
diagnostic tests and media. In order to predict the de-
velopment and course of DFS, the degree of wound
contamination, or the number of microorganisms per 1
gr of tissue, was quantified by microbiological exami-
nation.

Assessment of regional microhemodynamics by
determining the partial pressure of oxygen in the skin
(TcPO2) made it possible to estimate indirectly the
state of the microcirculatory blood flow in the tissues
of the area under study.

RESULTS OBTAINED AND THEIR DISCUSSION

The analysis of the dependence of the frequency
of high amputations on the degree of ulcerous lesion
according to Wagner showed that in the patients with
degree | the outcome of treatment was without ampu-
tation of the limb at the thigh level. The low proportion
of thigh amputations was noted in patients with grade
Il and grade Ill ulcerous lesions (33,3% and 39,3%,
respectively). A high percentage of thigh amputations
was noted in patients with grade IV and grade V ulcer-
ous lesions. It should be noted that this picture of
treatment outcomes appears to fit the logic of the de-
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pendence of high rate of thigh amputations on the
depth of ulcerous lesion in patients with different clini-
cal and pathogenetic forms of DFS [8,9]. However,
this analysis, as mentioned above, included patients
with both neuropathic and neuroischemic forms of
DFS (Table # 1).

Table # 1
Dependence of the frequency of high amputations on

the degree of ulcerous lesions according to Wagner

DEGREE ANALYSED PATIENT POPULATION
O&%EER Number of | Of these, thigh amputations
SION patients
n % n %
' 2 | 16
I 15 | 11,9 5 33,3
i 28 | 223 11 39,3
v 56 | 44,4 42 75
v 25 | 19,8 24 9
TOTAL | 126 | 100 82 65,1

A retrospective analysis of the microbiological
characteristics of the ulcerous-necrotic process in pa-
tients with various forms of DFS showed a close cor-
relation with the number of microbes in 1 gr of tissue.
In particular, if in patients subjected to thigh amputa-
tion, the microbial semination of foot ulcers was in the
order of 105 CFU/ml or higher, then the number of
patients with lower parameters of microbial semination
of thigh amputation actually was not.

We determined the features of the wound process
course by the nature of the necrobiotic process in the
wound bed, the tissue type in the wound bed, the ex-
tent of the affected area, the amount and nature of the
wound exudate, its consistency, colour, and odour
(Table #2).

The analysis of the frequency dependence of high
amputations on the nature of the necrobiotic process
in the wound showed that these operations were per-
formed to a greater extent in patients with mixed
wound necrosis (63,4%). In the presence of dry or
moist wound necrosis, thigh amputations were per-
formed in 3,7% and 25,6% of cases, respectively. In
31 patients with inflammatory process in the wound
without wound necrosis the proportion of amputations
was 7,3% (6 patients). Patients without an inflamma-
tory process in the wound (1,6%) all managed to pre-
serve the supporting function of the limb.

Tissue types in the wound bed included granula-
tion tissue (in 47,27% of cases), fibrous tissue
(14,79% of cases), fibrinous film and scab (37,94% of
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cases). Granulation tissue was red, dense and lumpy.
Its fragility indicated the presence of bacterial contam-
ination. Fibrous tissue was yellow and dense in 98,9%
of cases. The fibrinous film was often friable and had
a yellow to grey-green colour gradation. At the same
time, the scab was black in colour, indicating the pres-
ence of necrotic tissue. The scab could be soft and
moist or hard and dry. The extent of the lesion area
was from the tip of the toe to the heel and the entire
foot.

Pain syndrome was another important feature in
the evaluation of the wound condition. An increase in
pain and destruction is known to be the most signifi-
cant sign of a wound [10].

The presence of a fragile granulation tissue and an
unpleasant odour was as diagnostic as a purulent ef-
fusion. However, the exudate of an infected defect
was odourless in 32,7% of cases.

The following scale was used to assess odour dur-
ing bandage changes: no odour near the wound, a
faint odour near the wound, a faint odour in the room,
a strong odour in the room [11]. On the other hand,
direct inspection of the wound bed was a simple and
quick procedure, and it helped in obtaining information
about the etiology of the lesion, making an accurate
diagnosis, and developing goals and a treatment plan.
Subsequent monitoring helped to determine the de-
gree of efficacy of the therapy.

Evaluation of the wound bed appearance included
a description of its colour, structure and the presence
of any deeper structures in the wound (pockets and
effusions). Coloration was varied in 97,4% of cases:
black, yellow, red, pink and white. Black or dark brown
staining of the wound appeared due to thickening of
the dehydrated necrotic tissue, which was most com-
mon in sacral necrosis. This necrosis, or scab, ap-
peared as a result of deep tissue destruction and
could completely or partially cover the wound bed. It
delayed healing, so we removed it whenever possible
during treatment.

A yellow colour of the wound bed in 46% of cases
indicated of fibrous tissue or fibrin. Fibrous tissue was
dense and appeared in the wound before granulation
developed. At the same time, the fibrinous film con-
sisted of cellular detritus and could adhere tightly to
the wound bed or be loose. If a large number of leuko-
cytes were present, it was creamy yellow, and if ne-
crotized fascia was involved, the colour changed from
yellow to grey-green. If the fibrinous film was associat-
ed with connective tissue, it was removed carefully to
avoid additional trauma to the wound and prolong the
inflammatory response. A red colour of the wound bed
indicated the presence of granulation tissue. A bright
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A bright red, moist wound surface was a sign of
healthy granulation tissue, while a paler, bleeding sur-
face could be due to ischemia, infection or comorbidi-
ties such as anaemia. Dark red or hypertrophic gran-
ulations in 72,2% of cases were a sign of infection. A
pink color indicated the beginning of epithelialisation.
At this stage, pink, white or translucent patches of epi-
thelium migrating from the edges of the wound or hair
follicles into the wound were usually seen above the
granulation tissue. However, these cells may be ob-
scured by effusion or fibrin, or mistaken for macerated
skin at the wound edges [12,13]. Depending on the
severity of the wound process, its color usually
changed from initial black or yellow to red and then to
pink as it healed.

Table #2
The dependence of the frequency of high amputations
on the nature of the necrobiotic process in the wound

ANALYSED PATIENT
THE NATURE OF FOFUCATIONS
THE PROCESS IN Number of Of these, thigh
THE WOUND patients amputations
n % n %

No inflammatory 9 16
process

Inflammatory pro-
cess without 31 24,6 6 73
Necrosis
Dry necrosis 10 7.9 3 37

Moist necrosis 25 19,8 21 25,6

Mixed necrosis 58 46,1 52 63,4

TOTAL 126 | 100 82 376

In patients with the neuroischemic form of DFS, the
dynamics of changes in characteristic indices of blood
circulation assessment in the limb, had different corre-
lation characteristics. In particular, changes of ankle
brachial index (ABI) in relation to resting TcRO:
(r=0,970), whereas Purcellot and Gosling indices (r=-
0,915) had high inverse correlation coefficients.

The finger-brachial index (FBI) and TcPO2 orthos-
tatic (r=0.912) were in direct correlation, while the
TcPO:; orthostatic and Purcellot index were in inverse
correlation (r=-0,914). Less dependent in change were
the correlation coefficients between the ABI /TsPO>
and resting TcPO2/TsPO; orthostatic indices, which
were characterized by an exclusively direct relation-
ship (r=0.874 and r=0.850, respectively).

We found an absolutely identical level of correla-
tion coefficient between such Doppler indices as rest-
ing PPI/TsPO., resting PPI/Gosling index and resting
TcPO2/Purcellot index. However, whereas in the first
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two cases the correlation coefficient had a direct value
(r=0.845), in the latter case it was the opposite (r=-
0.845). The ABI and FBI indices also had a direct cor-
relation relationship. Their correlation in arithmetic
value was equal to r=0,815.

Less sensitive direct correlation was observed for
such indices as: resting Gosling index/TsPO2
(r=0.768), orthostatic Gosling index/TsPO> (r=0.718),
and resting Gosling index/TsPO2 (r=0.619). Similarly,
only the Purcellot/ABI index (r=-0.795) and Purcellot/
FBI index (r=-0.746) were in inverse correlation.

The level of wound microbial contamination and
the number of SIRS signs were in direct correlation
with the Purcellot index (r=0.914 and r=0.974 respec-
tively) and in inverse correlation with the other ana-
lysed parameters. The mean value of the correlation
coefficient for these parameters was r=-0.857+0.102.

Statistical analysis of the data array allowed us to
identify the most characteristic indicators, which
formed the basis for the construction of linear integral
data on the probability of amputation of the hip in pa-
tients with DFS. The most informative 9 indicators are
involved in predicting the probability of limb amputa-
tion in ulcerative-necrotic lesions of DFS. Among the
clinical and laboratory indexes characterizing prog-
nostic probability of the completion of treatment
measures by amputation at the thigh level there were
especially distinguished: degree of ulcerous lesion
according to Wagner, wound microbial semination,
presence and quantity of the signs of systemic inflam-
matory reaction syndrome. The following indices ob-
tained by means of Doppler ultrasound of the lower
limbs vessels are also important in patients with the
neuroischemic form of DFS: ABI and ABI, TcPO2 at
rest and in orthostasis, Purcellot and Gosling indices.

The picture of their transformation depending on
the probability of thigh amputation has a different
shape. In particular, 5 indices have a decreasing gra-
dation and 4 have an increasing gradation.

When constructing models of probability of thigh
amputation in patients with DFS by the method of
least squares, the condition of their positive dynamics
was imposed on the parameters of the values not low-
er than the p<0,05 level by the t-criterion. Based on
the graphical construction of the above data and iden-
tification of their correlation, we developed a software
model to assess the course of the purulent-necrotic
process in DFS patients who undergone COVID-19.

When constructing the prediction rule using the
least-squares method, the weighting coefficient values
were determined from the original data sample, and
they were the best in the class of linear functions.

This made it possible to take into consideration
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more objectively the contribution of each investigated
feature to the prognosis of the further course of the
pathological process (Table #3).
Table #3
Program for assessing the dynamics of the purulent-
necrotic process in DFS patients who have undergone

COVID-19

CRITERIA POSITIVE NEGATIVE
Degree of ulcerous le-
sion according to Wag- I-Il l-v
ner (grade)
Microbial contamination <104 105<
of the wound (Ig/ml)
Eresence and number of < 3<
signs of SIRS
ABI (mmHg) 0,7-1,0 <0,6
FBI (mmHg) 0,4-0,7 <0,3
Nature of necrotic pro- Dry Moist
Ccess
Eresence of granulation Available Not available
in the wound
Presence of purulent
discharge from the Not available Available
wound
Presgnce of morbid Not available Available
obesity

The variation of digital arithmetic values in the dy-
namics of the course of DFS in patients who under-
gone COVID-19 had a graphical type of compaction
within the framework of the variants of the develop-
ment of this pathological process that we identified. It
should be noted that the characteristic changes in the
progression of the ulcerous-necrotic process, which
led to the need for amputation of the thigh, directly
depended on the severity of the laboratory and instru-
mental parameters obtained in the dynamics of exami-
nation of patients with DFS. All of them were pre-
evaluated in the starting position. This study approach
is most typical for assessing the likelihood of amputa-
tion of the thigh in patients with DFS who have under-
gone COVID-19.

The developed mathematical model was the basis
of the software module, a program for predicting the
probability of limb amputation in ulcerative-necrotic
DFS lesions. Due to careful selection of the basic pa-
rameters of blood circulation condition in a limb and
the degree of generalization of a purulent-necrotic
process, the given program makes it possible to make
a prognosis of amputation probability in conditions of
a non-specialized multi-specialized medical institution.
This, in turn, makes it possible to make an appropriate
and correct decision on further treatment tactics of
patients with this pathology.

Ne 2 (06) 2022

REFERENCES:
1.Bakker K, Apelquist J, Lipsky BA, Van Netten JJ; International
Working Group on the Diabetic Foot. The 2015 IWGDF Guidance
Documents on Prevention and Management of Foot Problems in
Diabetes: Development of an Evidence-Based Global Consen-
sus. Diabetes Metab Res Rev. 2016 Jan; 32 Suppl 1:2-6.
2.Babenko A. Yu., Laevskaya M. Yu. Diabetes mellitus and
COVID-19. How are they related? Modern fighting strategies.
Arterial hypertension 2020;26(3):304-311.
3.Belikina D.V., Malysheva E.S., Petrov A.V., Nekrasova T.A.,
Nekaeva E.S., Lavrova A.E., Zarubina D.G., Atduev KA., Ma-
gomedova D.M., Strongin L.G. COVID-19 in patients with diabe-
tes: clinical course, metabolic status, inflammation, and coagula-
tion disorder. 2020; 12(5): 6-18.
4.Gupta R., Ghosh A, Singh AK., Misra A. Clinical considera-
tions for patients with diabetes in times of COVID-19 epidemic.
Diabetes Metab Syndr. 2020;14(3):211-212.
5.Gracheva T.V., Levchik E.Yu. The quality of life of patients in
the long term after surgical treatment of complicated forms of
diabetic foot syndrome // Bulletin of Surgery. — 2010. - T. 169. —
Ne 3. - P. 30-33.
6.Kletskova I.K., Navmenova Ya.L., Kholupko N.V., Vashchenko
E.N. Diabetic foot syndrome: classification, diagnosis, basic prin-
ciples of treatment. / LK. Kletskova, Ya.L. Navmenova, N.V. Kho-
lupko, E.N. Vashchenko - Gomel, 2019. - 16 p.
7 .Lipsky BA, Apelqvist J, Bakker K, Van Netten JJ, Schaper NC.
Diabetic foot disease: moving from roadmap to journey. Lancet
Diabetes Endocrinol. 2015 Sep, 3(9): 674-675.
8.0khunov A.O., Babadzhanov B.D., Pulatov U.l. Causes of
generalization of infection in patients with purulent-inflammatory
diseases of soft tissues on the background of diabetes mellitus//
Bulletin of the Tashkent Medical Academy, - 2016. - Ne 3. 4. - P.
89-93.
9.0khunov A.O. Pulatov U.l., Okhunova D.A. An innovative look
at the pathogenesis of surgical sepsis. Results of fundamental
research// LAP LAMBERT Academic Publishing RU /2018. - p.
145.
10. Okhunov A.O., Pulatov U.l., Okhunova D.A. A case of a
clinical course of a purulent-inflammatory disease of soft tissues
against the background of diabetes mellitus// European research:
innovation in science, education and technology London, United
Kingdom, June 07-08, 2018 - P. 19-22.
11.Peyrot M. et al. Diabetes Attitudes Wishes and Needs 2
(DAWN2): a multinational, multi-stakeholder study of psychoso-
cial issues in diabetes and person-centered diabetes care // Dia-
betes Res Clin. Pract. 2013. Vol. 99(2). P. 174-184.
12.Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q. Prevalence
of comorbidities and its effects in patients infected with SARS-
CoV-2: a systematic review and meta-analysis. Int J Infect Dis.
2020; P.94:91-95.
13.Zubarev, P.N., Ivanusa, S.Ya., Risman, B.V., Minakov O.E.,
Andreev A.A., Ostroushko A.P. Diabetic foot syndrome. //Bulletin
of experimental and clinical surgery. — 2017. - Ne10(2). — P. 165-
72.

ISSN 2181-3175



