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Abstract

Introduction. Diabetic footinfectionsareanimportant problem for diabetic patients today
because they impair patients’ quality of life, increase the frequency of hospitalisations and
are costly to treat. Although diabetes itself requires long-term treatment, studies show
that patients with diabetic foot are hospitalised twice as often as diabetic patients who do
not have foot problems. The American Diabetes Association states that despite developed
treatments and educational programmes, 60-70% of all diabetic patients experience
lower limb amputations due to diabetic foot.

Purpose. Improving the results of complex surgical treatment of patients with purulent-
necrotic complications of diabetic foot syndrome by optimising the methods of
determining the proper level of amputation of the affected lower limb.

Materials and methods. The paper analyses the results of complex examination and
surgical treatment of 312 patients with purulent-necrotic complications of diabetic foot
syndrome who were on inpatient treatment in the department of purulent surgery of
Bukhara Regional Multidisciplinary Medical Centre in the period from 2017 to 2023.
Results. A comparative analysis of purulent-necrotic complications that were the reason
for performing lower limb reamputations at a higher level showed that while purulent-
necrotic complications from the amputation stump of the fingers in the comparison
group accounted for 8.8%, in the main group these complications were observed in 3.9%
of patients. Progression of wound infection at the level of the foot in the comparison
group was 6.3%, while in the main group of patients 3.3% of cases. Progression of wound
infection on the side of the amputation stump of the tibia in the comparison group was
observed in 3.9% of patients, while these indicators in the main group of patients made
up 3.3% of cases. Progression of wound infection on the side of the thigh amputation
stump in the comparison group was 1.9%, in the main group such complications were not
observed.
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Conclusion. The application of the developed algorithm allows to change radically the
stratification of amputations at one or another level, based on the implementation of
the principles of routine methods of determining the expected level of limb truncation
towards optimisation, allowing to minimise the number of unjustified high amputations
from 23.9% to 10.5% and lethal outcomes from 11.95% to 3.92% of cases respectively.
Keywords: diabetic foot syndrome, systemic inflammatory response syndrome,
amputation, electromagnetic photon matrix emitter, fine-needle puncture express
histology, lactoferrin
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Pesiome

BeepeHue. IHbekumny npu cnHapome anabeTyeckom CToMbl CErofHsA ABNAITCA Cepbes-
How Npo6nemon AnA nayMeHToB C AnabeTom, MOCKONbKY YXyALaT KauecTBO XU3HU, yBe-
NMYMBAIOT YacTOTy rocnuTanu3auuin n TpebyloT BbICOKMX 3aTpaT Ha nedeHue. [rabet B
nobom cnyyae TpebyeT ANUTENIbHOIO NleYeHns, BMeCcTe C TeM UCCNef0BaHMA MOKa3blBaloT,
YTO MaLMEHTbI C AnabeTYeCcKo CTOMON roCNMTANN3MPYIOTCA B ABA Pa3a valle, YeM nauu-
€HTbl C AabeToM, Y KOTOPbIX HET Npobsiem co cTonamu. AMepuKaHcKas anabeTnyeckas
accoumaumsa oOTMeYaeT, YTo, HECMOTPSA Ha pa3paboTaHHble MeToAbl neyeHus U obpa3oBa-
TesibHble NporpaMmbl, y 60—-70% nauMeHToB C AnabeToM BO3HMKAET HEOOXOAMMOCTb B aM-
NyTaLnn HUKHUX KOHEYHOCTEN 13-3a CUHAPOMa AnabeTnyeckol cTonbl.

Lenb. YnyuweHne pe3ynbraToB KOMMIEKCHOrO XMPYPrmyeckoro neyeHmsa naumeHToB C
FHOMHO-HEKPOTUYECKMMU OCIIOMKHEHNAMN CUHAPOMa AMabeTUYeCcKon CTomMbl NyTem on-
TUMM3aLUN METOLOB onpefeneHnsa JOSKHOro YPOBHA aMnyTaLlmmn NopaKeHHOW HKHEN
KOHEYHOCTMW.

Matepuanbl n metogbl. B pabote npoaHann3mpoBaHbl pe3ynbTaTbl KOMMIEKCHOrO 06-
CnefoBaHNA 1 XMPYPruveckoro fleyeHmsa 312 naumeHToB C FHOMHO-HEKPOTUYECKNMN
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OC/IOXKHEHMAMN CUHAPOMA ANABETUYECKOWM CTOMbl, HAXOAMBLUMXCSA HA CTALMOHAPHOM
neyYeHun B OTAENEHMN THOMHON Xupyprum byxapckoro o6nacTHOro MHOronpodunbHOro
Me[VLNHCKOro ueHTpa B nepuod ¢ 2017 no 2023 .

PesynbraTtbl. CpaBHUTENbHbIA aHann3 rHOMHO-HEKPOTUYECKNX OCSIOMKHEHUN, MOCAY-
XMBLUNX NPUYMHOW BbINOAHEHUA peaMnyTaLuin HUXHUX KOHeYHOCTel Ha Gonee Bbico-
KOM ypOBHe, MOKa3as, YTo B rpynne CpaBHEHUA THOMHO-HEKPOTUYECKE OCNOXKHEHNA CO
CTOPOHbI aMMyTaLMOHHON KynbTh NanbLes Habnoganucs B 8,8% cnyyaes, a B OCHOBHOM
rpynne — B 3,9%. [NporpeccupoBaHue paHeBo MHPEKLUN Ha YPOBHE CTOMbI Y NaLMeHTOB
rpynnbl CpaBHEHUA BblABNeHO B 6,3% cny4yaes, B OCHOBHOW rpynne — B 3,3%. [porpec-
CupoBaHue paHeBOW UHQEKUUN CO CTOPOHbI aMMyTaLUOHHOW KynbTW FOfeHn B rpymnne
CpaBHeHuA Habnoganock y 3,9% nauneHTOB, B TO BPEMA Kak B OCHOBHOW rpymnne 3Tu no-
Kasatenu coctaBunu 3,3%. NporpeccupoBaHue paHeBon MHGEKL MM CO CTOPOHbI amnyTa-
LMOHHON KynbTy 6efpa y NauneHToB rpynmnbl cpaBHeHUA Habntoganocb B 1,9% cnyvaes, y
nauveHTOB OCHOBHOW FPYMMbl TAKUX OCNIOKHEHUI He 6bio.

3aknioueHune. [prMeHeHMe pa3paboTaHHOIo anropuTMa, OCHOBAHHOIO Ha peanusaunn
NPUHUUNOB PYTUHHbIX METOAOB ONpeAeneHna NpeanosiaraeéMoro ypoBHsA yceueHus Ko-
HEYHOCTW B CTOPOHY ONTUMM3ALMK, NO3BONAET KOPEHHbIM 06Pa3oM N3MEHUTb CTPaTUdU-
Kauuio BbINOSIHEHWNA aMnyTaLMin Ha TOM WY MHOM YPOBHE U MUHUMU3NPOBATb Konunye-
CTBO HEOHOCHOBAHHbIX BbICOKMX aMnyTaLui KOHeUHocTu ¢ 23,9% fo 10,5%, a neTanbHbIX
ncxopos ¢ 11,95% po 3,92%.

KnioueBble cnoBa: cHAPOM AnabeTnYeCcKom CTOMbI, CUHAPOM CUCTEMHOFO BOCHaNuTeb-
HOro oTBeTa, aMnyTaLMs, 3NeKTPOMArHUTHbIN GOTOHHO-MATPUYHBIA U3nyYaTesib, TOHKO-
UronbHasA NYHKLMOHHAA 3KCNpeCcc-rmcTonorus, naktodeppuH

B INTRODUCTION

Diabetic foot infections are an important problem for diabetic patients today because
they impair patients’ quality of life, increase the frequency of hospitalisations and are
costly to treat. Although diabetes itself requires long-term treatment, studies show that
patients with diabetic foot are hospitalised twice as often as diabetic patients who do
not have foot problems. The American Diabetes Association (ADA) states that despite
developed treatments and educational programmes, 60-70% of all diabetic patients
experience lower limb amputations due to diabetic foot [1-4].

The presence of signs of lower limb ischaemia in diabetic foot syndrome indicates
a poor outcome of the purulent-necrotic process in the limb. At the same time,
according to the transatlantic consensus, within the first year from the moment of the
first establishment of signs of critical lower limb ischaemia it is resolved in only 25%
of patients, more than 30% of patients surgeons have to perform high amputations of
lower limbs for vital indications [5-8]. According to the literature data, purulent-necrotic
complications from the side of the amputation stump of the limb make up from 12 to
23% of cases [4, 9-11]. At the same time, the more distal the level of amputation, the
higher the percentage of purulent-necrotic complications on the side of the amputation
stump. Therefore, most surgeons try to perform high amputations at the thigh level, since
the higher the level of limb truncation, the higher the proportion of primary tension of
the amputation stump [12].
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In the world practice there are scientific studies aimed at developing new approaches
to determining the optimal level of lower limb truncation in severe purulent-necrotic
complications of DFS syndrome, which could not only save patients'lives, but also create
favourable conditions for healing of the amputation stump and early rehabilitation of this
category of patients [13-16].

It is of particularimportance to assess the viability of the lower limb tissues at the level
of which amputation is planned to be performed in order to prevent purulent-necrotic
complications from the amputation stump, which in most cases leads to reamputation
in the best case, and in the worst case, to the development of systemic inflammatory
response syndrome, as well as multi-organ dysfunction with lethal outcome.

B PURPOSE OF THE STUDY

Improving the results of complex surgical treatment of patients with purulent-necrotic
complications of diabetic foot syndrome by optimising the methods of determining the
proper level of amputation of the affected lower limb.

B MATERIALS AND METHODS

The results of complex examination and surgical treatment of 312 patients with
purulent-necrotic complications of DFS who were hospitalised in the department of
purulent surgery of Bukhara Regional Multidisciplinary Medical Centre in the period
from 2017 to 2023 were analysed. All patients had different signs of severity of systemic
inflammatory response syndrome. In accordance with the objectives of the study and
depending onthe complextreatmentand methods of determining the level of amputation,
the patients were conditionally divided into two groups. The first (2017-2020) group
consisted of 159 (50.96%) patients, for whom the complex of surgical treatment consisted
of amputations at different levels of the lower extremities for vital indications, by traditional
methods before surgical preparation. The level of lower limb truncation in this group
of patients was determined by routine methods: objective examination (local status),
dopplerography, thermometry, determination of tissue oxygen tension, determination of
ankle-shoulder index (ASI), angiography. The second, main group (2021-2023) consisted
of 153 (49.04%) patients who underwent lower limb amputations at different levels for
vital indications. The complex of preoperative administration of patients of this group
additionally included indirect electrochemical plasma detoxification, local treatment of
wound infection was carried out by means of sanation with ointments on polyethylene
glycol base — Oflomelid. In order to improve blood supply of the affected limb and to
create conditions for implementation of the strategy of more economical methods of
amputation we used the method of electromagnetic radiation by photon-matrix radiator
at the supposed level of limb truncation with duration up to 10 minutes 2 times a day. The
duration of sessions was from 1 to 3 days. The optimal level of truncation was determined
by fine-needle biopsy with the following express histological method of tissue viability
and acute phase protein indices — lactoferrin at the supposed level of limb amputation.
Fine-needle puncture was performed using a special needle for soft tissue biopsy (fig. 1).

The prevalence of women was 162 (51.9%), men were 150 (48.1%). The average age
of the patients was 58.4+11.2 years. Most of the patients 175 (56.09%) were at the age of
highest labour activity (45 to 60 years).
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Fig. 1. Soft tissue biopsy needle (Medax, Italy - 14 G x 160 mm)

Diabetic history ranged from newly diagnosed to 10 or more years. In most of the
cases observed, the patients had type 2 diabetes mellitus (95.5%). Where mainly
medium and severe degrees of severity of the course of diabetes mellitus in the stage
of subcompensation and decompensation were observed. In 312 patients examined,
the following forms of foot changes were presented: purulent-necrotic phlegmon
of the foot - 88; gangrene of the toes (dry and wet) — 126; gangrene of the distal parts of
the foot (dry and wet) — 67. Creeping putrefactive phlegmons of the foot, carpal space
and tibia - 31. One or more concomitant diseases were revealed in 291 (93.3%) patients.

In both groups the patients underwent: phlegmon dissection, guillotine atypical
amputations of the foot and tibia, finger amputations, foot amputations according
to Chopar, Sharpe, Lisfranc, high myoplastic amputations at the level of the tibia,
amputations at the level of the thigh. Upon admission to the hospital, the surgical stage
was performed, if possible, against the background of a complete examination of the
patient in combination with an adequate complex of conservative measures. When
assessing purulent-necrotic lesions of the limb, we followed the classification proposed by
(Wagner FW., 1981), which is the most used classification of ulcerative lesions of the foot
in diabetes depending on the depth of tissue destruction. In assessing critical lower limb
ischaemia, we used the classification proposed by the North American Society for Vascular
Surgery (SVS), which is easy to use; the SVS Lover Extremity Threatehed Limb Classification
System (SVS WIFI), which provides an analysis of the condition of the limb, the risk of
major amputation. It is based on the grading of each of the three main pathological
processes (wound, ischemia, foot infection — WIFI). A scale from 0 to 3 is proposed, where
0 means none, 1 means mild degree, 2 means moderate degree, 3 means severe degree.
Each of the three categories (ulcer, ischaemia, foot infection) has 4 degrees of severity,
which theoretically gives 64 possible clinical combinations. Indications for amputations at
different levels of the lower limbs were the data of local status, radiography of the affected
lower limb bones, Doppler ultrasonography, soft tissue oxygen perfusion, ankle-shoulder
index (ASI), and angiographic examination if indicated. Indications for emergency surgical
interventions were, first of all, wet gangrene of fingers and feet, phlegmon of the foot, as
well as phlegmon of the foot with inflammation transition to the lower leg with severe
intoxication, creating a threat to the patient’s life. As a rule, it was performed in order to
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save his life. Indications for urgent surgical interventions were: purulent-necrotic wounds
withoutadequate drainage; deep abscesses of the foot; distant septic metastatic foci; newly
formed abscesses and poorly drained purulent congestion. Patients in the comparison
group underwent a complex of therapeutic measures, including surgical intervention,
antibacterial therapy, infusion, detoxification therapy, drugs improving microcirculation,
correction of glycaemia level and symptomatic treatment of concomitant diseases. Topical
treatment was carried out in the traditional way (ointments on water-soluble polyethylene
glycol base Oflomelid).

The patients in the comparison group were preoperatively prepared and managed in
the postoperative period according to the traditional scheme.

In addition to the traditional methods of treatment, the patients of the main group
were treated with electromagnetic radiation by photon matrix radiator "Barva-Flex" in the
area of the proposed truncation. In order to actively affect endotoxaemia, correction of
oxygen homeostasis disorders and to obtain immunomodulatory effect in the treatment
plan plasmapheresis (PP) combined with indirect electrochemical oxygenation (IECO) of
plasma with sodium hypochlorite with additional ozonation and subsequent reinfusion
of detoxified plasma was added. The characteristics of the necrosis focus: its localisation,
volume and activity, as well as the state of microcirculation and collateral blood flow in
the limb were of fundamental importance for the choice of the level and nature of the
sanitising operation.

Laboratory methods of investigation were applied to all patients included in the
study. All patients underwent diagnostic procedures to make a diagnosis and determine
the severity of the limb lesion. General clinical examination was performed, local and
widespread process was differentiated. Laboratory diagnostics included: general blood
and urine tests; investigation of glycemia level and glycemic profile, biochemical studies,
bacteriological study of wound content.

In 159 patients of the comparison group the choice of the level of lower limb truncation
was determined on the basis of "traditional” criteria of tissue viability, and in 153 patients
of the main group the assessment of soft tissue viability and the level of lactoferrin activity
was of decisive importance when choosing the level of truncation.

In order to determine the level of amputation, we have developed and introduced
into clinical practice a method for detecting the viability of soft tissues where amputation
of the lower extremities is supposed to be performed. When determining the level of
amputation, in addition to routine examination methods (LPI, transcutaneous oximetry,
Dopplerography, angiography), we performed a fine needle puncture at the site of the
alleged amputation with the taking of biopsy material of the underlying soft tissues
(muscles) for express histological examination to determine their viability. Fine needle
punctures with biopsy were performed at the assumed level of limb truncation, also
3 cm and 5 cm above this level. The viability of soft tissues (muscles) was determined
by the following histological signs: leukocyte infiltration — the presence of neutrophil
granulocytes in muscle tissue outside the vascular bed; karyopycnosis — wrinkling of
the cell nucleus of myocytes as the initial stage of necrobiotic changes; karyolysis - the
process of complete destruction of the cell nucleus with dystrophic changes in it; cytolysis
of myocytes is cell destruction determined by light microscopy; violation of the transverse
striation of muscle fibers.

«Xupyprua BoctouHada EBpona», 2024, Tom 13, N2 4 615



Improvement of Surgical Treatment of Patients with Purulent-Necrotic Complications of Diabetic Foot Syndrome

We considered changes in the nucleus and cytoplasm of cells to be microscopic
signs of necrosis (fig. 2-5). The nuclei successively undergo wrinkling (karyopycnosis),
disintegration into lumps (karyorexis) and lysis (karyolysis).

In the presence of histological signs of necrosis and soft tissue necrosis in all three
examined points of the alleged truncation, priority was given to higher amputations.
Further, the development of a methodology for determining lactoferrin indicators at the
expected amputation level and the analysis of its effectiveness in correlation with the
express histological method for determining tissue viability was carried out.

To develop this method and implement it into clinical practice, we performed
experimental studies on laboratory animals (12 white mongrel rats of both sexes
weighing 200-250 g). Using special equipment for fine needle puncture biopsy under
local infiltration anesthesia, 1 g of muscle tissue was taken from the femoral muscle of
the hind limbs of the animal. The resulting muscle tissue was added with an isotonic
solution in a ratio of 1:1 (1 g / 1.0 ml). The amount of lactoferrin in the prepared material

Fig. 2. A bundle of myocytes. Karyorexis Fig. 3. A bundle of myocytes. Contractural
(karyolysis). H.-E. 10x3 damage. H.-E. 10x4

Fig. 4. The area of the musculoskeletal flap. Fig. 5. The normal structure of the muscular layer
Necrosis and edema. H.-E. 10x3 of the musculoskeletal flap area. H.-E. 10x3
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was determined using an enzyme immunoassay analyzer equipped with special reagents
for protein substances. Thus, we have developed a method for determining the level
of Lactoferrin in the soft tissues of the extremities normally. Which is level 2.91£0.10.
Having determined the normal value of lactoferrin levels, we proposed gradations of
lactoferrin values in pathological processes observed in the soft tissues of the extremities
in the form of necrosis or irreversible conditions. At the same time, a 5-fold increase
in lactoferrin levels in muscle tissue was interpreted as a boundary above which all
formalized histological signs of soft tissue necrosis were detected (leukocyte infiltration,
karyopycnosis, karyolysis, cytolysis of myocytes, violation of transverse striation of muscle
fibers). When no more than two formalized signs were detected, there were chances for
attempts to restore the viability of soft tissues at the expected level of truncation due
to a significant improvement in the microcirculatory bed in this area of the limb. At the
same time, in order to improve microcirculation and thereby create favorable conditions
for wound healing after amputations at the assumed levels of the lower extremities, we
locally applied the method of exposure to electromagnetic photonic matrix radiation.
To do this, we used a device - "Barva-Flex" (with an electromagnetic photonic matrix
emitter). In patients who, according to indications, it was decided to amputate the lower
extremities at one level or another, at which, at the intended level of amputation, the
viability criteria were questionable during histological examination of muscle tissue taken
by a fine needle puncture method, which usually forces higher amputations of the lower
extremities, which ultimately contributes to significant disability in patients with DFS.

As is known, the reasons for the unsatisfactory healing results of an amputation
stump are: signs of local ischemia, which are directly related to deep disorders of the
local microcirculatory bed. The technique was as follows: we conducted sessions of
electromagnetic photonic matrix radiation for 10 minutes 2 times a day (1-3 days) using
the Korobov Barva-Flex/SIK apparatus at the estimated amputation level. A patent for an
invention by the Intellectual Property Agency of the Republic of Uzbekistan (No. IAP 07441
05/19/2023) was obtained for the method we developed to improve microcirculation of
the estimated amputation level.

The use of this method led to a significant improvement in local microcirculation,
which was confirmed by improved oxygen saturation of tissues and repeated fine needle
biopsies, in which a sharp improvement in signs of tissue viability was noted in the studied
material. Thus, the possibility of amputation of the lower extremities at this level was
created. This made it possible to reduce the number of lower limb amputations at more
proximal levels. The effect is electromagnetic radiation with wavelengths in the range of
600-570 nm on the area of the proposed amputation of the lower limb for 10 minutes per
field (fig. 6). The method improves blood circulation, reduces the severity of pain, swelling
and discomfort, and changes the color of the skin due to the use of magnetic laser
exposure. Design features and technical characteristics of photonic magnetic matrices
Korobova A. — Korobova V. "Barva-Flex".

In order to actively influence endotoxemia, correct oxygen homeostasis disorders and
to obtain an immunomodulatory effect, plasmapheresis (PF) in combination with indirect
electrochemical oxygenation (IECO) of plasma with sodium hypochlorite with additional
ozonation and subsequent reinfusion of detoxified plasma was added to the treatment
plan for patients of the main group. The criteria for detoxification of exfused plasma,
making its reinfusion possible, were determined according to N.M. Fedorovsky (2004).
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Fig. 6. Sessions of electromagnetic photonic matrix radiation

B RESULTS AND DISCUSSION

It should be emphasized that in 12 (7.8%) patients, leukocyte infiltration and
karyopycnosis were initially detected during a fine needle biopsy, which meant that
the viability of the biopsy material under study was doubtful. As we indicated above,
in order to improve local microcirculation and survivability of soft tissues, the method
of electromagnetic radiation with a Barva-Flex photonic matrix emitter was used. This
method allowed for a significant improvement in microcirculation in the proposed
amputation zone, which was proved by a sharp improvement in the viability of soft tissues
confirmed by histological and biochemical (lactoferrin level) repeated studies (table 1)
after a course of electromagnetic radiation with a Barva-Flex photonic matrix emitter. All
taken together, it made it possible not to resort to higher and more crippling amputations,
but to perform them at the initially planned level.

Depending on the method of determining the optimal level of amputation of the
lower extremities and the fight against endogenous intoxication manifested as a systemic
inflammatory response syndrome, all 312 treated patients were conditionally divided
into 2 groups compared. At the same time, the main vital signs as well as the local status
of the volume of surgical interventions performed were representative. That is, when
forming the groups, we observed the principle of representativeness: at the same time,

Table 1
Lactoferrin levels at treatment stages
Indicator On the day of admission for Repeated biopsy after a course of
primary biopsy electromagnetic radiation
Lactoferrin 15.05+0.57 8.23+0.40
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the parameters and volume of the lesion of the lower extremities and concomitant
diseases were close to each other (P<0.05). In this regard, we did not consider it advisable
to list and analyze in detail the above data, which are set out in previous chapters.

It is known that the clinical picture of the disease is based on the presence of certain
symptoms and objective data. At the same time, the effectiveness of any surgical treatment
method is evaluated according to the criteria of the outcome of the disease, as well as
the development of postoperative complications. A comparative study of the indicators
of intoxication of the body, where the dynamics of changes in body temperature of the
examined, L — blood, medium-weight molecules (MVM), leukocyte intoxication index
(LI1), ESR, Sa02 in the examined patients were evaluated. A comparative analysis of the
results shows that one of the main signs of intoxication of the body is an increase in
body temperature, which gradually decreases in the comparison group before reaching
normal values, Whereas in patients of the main group, normalization of body temperature
occurred already by the 5th day of observation. Further, this parameter remained at the
level of normal values in the postoperative period.

At the same time, we also found significant differences between the compared groups
in terms of LIl (P<0.001). There was not only a rapid decrease in this parameter in patients
of the main group, but also a significantly rapid normalization of this parameter. Results
identical to the LIl indicator were obtained for ESR. If the indicators before the start of
treatment in the comparison groups were high, then in patients of the main group on
the 5th day they decreased significantly to the level of normal values (P<0.001). Whereas,
these indicators in the comparison group did not decrease to normal values in the above-
mentioned periods and remained at a high level.

A comparative analysis of SaO2 saturation indicators revealed the following points.
During the examination, it was revealed that this indicator remains at alow level in patients
of the comparison group despite the implementation of basic therapeutic measures
aimed at detoxification of the patient’s body. When performing the improved method of
detoxification of the body with the use of discrete plasmapheresis, saturation indicators
were already within normal values by the 3rd day of treatment (P<0.001).

Thus, the study of indicators of intoxication of the body (T - body, L - blood, MVM
(standard units), LI, ESR, Sa02) in patients with purulent-necrotic complications of
DFS with systemic inflammatory response syndrome (SIRS) showed that in all patients
of both groups, upon admission, the above parameters were significantly increased
relative to normal values (P<0.001). But after the plasmapheresis performed according
to the method we proposed, these indicators decreased. At the same time, it should be
emphasized that these parameters tended to change unidirectionally, but with different
intensity after different methods of complex treatment. After the traditional treatment
(comparison group), the above parameters decreased gradually, but mostly did not
reach normal values. After complex treatment including discrete plasmapheresis, the
parameters decreased significantly quickly and reached normal values in a short time. This
proves the pronounced detoxification effectiveness of the proposed complex treatment
of patients with purulent-necrotic complications of DFS with SIRS.

The analysis of the degree of lesions of the lower extremities showed that the
pathological processes on the affected lower extremities in the compared groups of
patients were comparable. At the same time, if in patients of the comparison group
purulent-necrotic phlegmon was 28.2%, then in the main group it was observed in 28.10%
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of cases, respectively. Finger gangrene in patients of the comparison group amounted to
40.25% of the total number of patients, then in the main group these indicators amounted
to 40.52% of cases, gangrene of the distal foot was observed in 21.38% and 21.57 cases,
respectively. Creeping putrefactive phlegmons of the foot, supraorbital space and shin
accounted for 10.06% and 9.80% of cases, respectively. The analysis of concomitant
diseases in the comparison groups was also similar, i.e. representative.

It should be emphasized that in the comparison group of 159 patients, the
number of amputations performed at various levels of the lower extremities was 197
(123.9%), that is, after performing primary amputation against the background of the
progression of the pathological process and wound infection, we resorted to performing
reamputation, which served to increase the number of surgical interventions. At the same
time, in 153 patients of the main group, the number of amputations performed was
169 (110.5%), respectively.

An analysis of the comparative dynamics of LPI in patients of the comparison group
against the background of various methods of correction of the microcirculatory bed
showed thatin patients of the main group there was a significant clinicaland hemodynamic
improvement with a significant increase in LPI (fig. 7, 8).

It is known that the normal indicators of oxygen saturation of wound tissues are
455+0.5 mmHg. As can be seen from fig. 9, the initial level of TcPO2 in patients of
the comparison group and the main group at admission to the hospital did not differ
significantly from each other — 21.2+3.5 mmHg and 21.5+4 mmHg, respectively (P<0.05).

But in the future, all the parameters changed with different intensity according
to the duration of observation. If in the comparison group the increase in the
parameter after treatment was smooth (respectively 21.2+3.5 mmHg; 23.3+3.3 mmHg;
27.2+4.1 mmHg. according to the days of observation), which did not reach normal
values in the pre-operational period, then in the main group these parameters increased
with greater intensity (respectively 21.5+4 mm) after conducting sessions with
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0.9

0.85 0.84
08
0.77 0.76

0.7

0.65

first day fifth day first day fifth day

Comparison group The main group

Fig. 7. The dynamics of LPI in patients who received sessions with electromagnetic radiation
with a Barva-Flex photonic matrix emitter in comparison with the control group
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Fig. 8. Comparative dynamics of tissue oxygen saturation (TcPO,) in patients with purulent-necrotic
lesions of the lower extremities in DFS with SIRS mmHg

electromagnetic radiation with a Barvaflex photonic matrix emitter using the methods
proposed by us (patent for the invention of the Republic of Uzbekistan No. IAP 07441
on 05/19/2023) mercury; 25.1+3.6 mmHg; 32.5+4.0 mmHg. according to the days of
observation), in most cases reaching thresholds indirectly confirming the viability of soft
at the assumed level of lower limb truncations already on the 3rd day of treatment.

Thus, the dynamics of studying the oxygen saturation of wound tissues (TcPO,) at
the intended level of amputations in patients with purulent-necrotic lesions in diabetic
foot syndrome showed that after the treatment measures in both compared groups,
TcPO, tended to increase the initially reduced parameter, but with different intensity
if the parameters in the comparison group and after 5 the days did not reach the level
that allowed predicting the healing of the amputation stump, in the main group, this
parameter reached these values after conducting 3 sessions of electromagnetic radiation
with the Barvaflex photonic matrix emitter. Improving the dynamics of oxygen saturation
of tissues at the expected amputation level allowed the limb to be truncated at the
intended level by the operating surgeon, rather than proximally (above).

The state of the hemostasis system in the compared groups against the background of
the complex of measures carried out, we did not identify any significant differences in the
comparative analysis, that is, they were comparable.

Prior to the start of correction of impaired microcirculation in the lower extremities, all
patients showed a significant decrease in the rate of main blood flow, average blood flow
rate and pulse index in the peripheral arteries. These indicators did not have a tendency
to significantly improve in patients of comparison group a, in patients of the main group,
the above indicators after conducting sessions with electromagnetic radiation with a
Barvaflex photonic matrix emitter tended to significantly improve (table 2).

Analysis of the results of surgical treatment (amputation of limbs) in the control group
of patients showed that against the background of a complex of therapeutic measures,
38 (23.9%) patients of the studied group showed progression of both the pathological
process at the level of amputation (purulent necrotic complication) and signs of SIRS.

«Xupyprua BoctouHada EBpona», 2024, Tom 13, N2 4 621



Improvement of Surgical Treatment of Patients with Purulent-Necrotic Complications of Diabetic Foot Syndrome

Table 2
Dopplerography and Dopplerometry data in patients of the studied groups
. Comparison group The main group
Indicator Standard
first day fifth day first day fifth day
é"nﬁ;;ge bloodflowrate 77,40, 1.2120.17 0.76+0.03 1.2420.12 1.62+0.13
(Lc”r‘:/: blood flow rate 4.88+154 5.07+0.36 4.90%1.50 5.140.40 6.12+0.97
Pulse index 5.01£0.46 5.52+0.36 5.10£0.41 6.61£0.42 9.8+1.1

Analysis of the results of surgical treatment (amputation of limbs) in the main group
of patients showed that, against the background of a set of measures, 16 (10.5%) patients
of the studied group showed progression of both the pathological process at the level of
amputation (purulent necrotic complication) and signs of SIRS.

A comparative analysis of purulent-necrotic complications caused by lower limb
reamputations at a higher level showed that if purulent-necrotic complications from the
amputation stump of the fingers in the comparison group amounted to 8.8%, then in
the main group these complications were observed in 3.9% of patients. The progression
of wound infection at the foot level in the comparison group was 6.3%, then in the main
group of patients 3.3% of cases. The progression of wound infection from the amputation
stump of the lower leg in the comparison group was observed in 3.9% of patients, then
these indicators in the main group amounted to 3.3% of cases. The progression of wound
infection from the amputation stump of the hip in the comparison group was 1.9%, in the
main group such complications were not observed (fig. 9).

Progression of wound infection from the hip

0
amputation stump - 3

Progression of wound infection at the foot

5
5

Progression of wound infection from the

amputation stump of the lower eg | 11
6

Purulent-necrotic complications from the

10 15

o
w

The main group B Comparison group

Fig. 9. Purulent-necrotic postoperative complications in the compared groups
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Table 3
Causes of deaths in patients in the study groups
Comparison group The main group
Reasons
Abs. % Abs. %
Acute heart failure 3 1.9 1 0.65
Uncontrollable hypotension 2 13 1 0.65
Pulmonary embolism 2 13 1 0.65
Kidney failure 3 1.9 -
Multiple organ dysfunction 9 57 3 1.96
Total 19 11.95 6 3.92

A comparative analysis of the causes of deaths in the comparison groups showed that
if the fatal outcome in patients of the control group was 11.95% of cases, then in patients
of the main group this indicator significantly decreased to 3.92% of cases (table 3).

Based on the conducted research, we have developed an algorithm for determining the
optimal (proper) level of amputations of the lower extremities in patients with purulent-
necrotic complications of DFS with SIRS, which is based on determining the viability

Purulent-necrotic complications of DFS with SIRS

.
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the level of amputation
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.
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Objective data: of FNPEH atthe rmore than ormore
. . . 2 signs of signs  —
testing for peripheral neuropathy - gross and intended X ired fi ired
sensitivity to light touch and injection; vibration Lactoferrin level m}p;llr-e ° '_mbp,?_"e
sensitivity; deep tendon reflexes; strength WELligy WLl
and muscle atrophy testing; pulsation
of the back of the foot and posterior tibial artery; T
skin condition assessment v +
Sessions of .
Lactoferrin electromagnetic o Reduct|on.
¢ levels Stk Elimination of Lactoferrin
> are 3-5 times > theBarva-Flex of FNPEH levels
Instrumental data: . . . signs to normal
higher photonic matrix
Dopplerography J— values

-<1.5 cm/s.TcP02
- <30 mmHgLPI -<0.8

.

. . the target level :
Amputation at the intended level levels are 9 high
higher than Lactoferrin
5 times levels

Lactoferrin

A )

>

Amputation is above

<« Maintaining

v

Fig. 10. Algorithm for determining the optimal (proper) level of lower limb amputations in patients
with purulent-necrotic complications of DFS with SIRS

«Xupyprua BoctouHada EBpona», 2024, Tom 13, N2 4 623



Improvement of Surgical Treatment of Patients with Purulent-Necrotic Complications of Diabetic Foot Syndrome

of muscle tissue by express histology taken by fine needle puncture using a special needle
at the assumed level of limb truncation, as well as determining the level of Lactoferrin in
tissue fluid (fig. 10).

The developed algorithm makes it possible to radically change the stratification
of amputations at one level or another based on the implementation of the principles
of routine methods for determining the expected level of limb truncation, towards
optimization, which minimizes the number of unjustified higher crippling limb
amputations, leading to profound disability and a significant decrease in the quality of
life of patients.

B CONCLUSIONS

Factor analysis of unsatisfactory results after performed amputations at various levels
of the lower extremities showed that the methods used to determine the viability of soft
tissues at the assumed level of truncation of the lower limb in terms of predicting necrosis
and the development of purulent necrotic process in the area of amputation stump are
not informative. A high percentage of purulent-necrotic complications from amputation
stump and re-amputations (23.9%) indicate the need to develop optimal methods for
determining viability at the level of the proposed amputation of the lower limb.

Conducting sessions of electromagnetic radiation with a Barva-Flex photonic matrix
emitter with questionable (no more than two) signs of viability of muscle tissue leads to a
significant improvement in the dynamics of oxygen saturation of tissues and their survival
at the assumed amputation level, which allows for limb truncation at the level intended
by the surgeon and not distally. The use of a method to combat SIRS in the form of discrete
plasmapheresis significantly affects the outcome of the disease, which is expressed in a
significant reduction in the number of adverse outcomes of the disease.

The application of the developed algorithm makes it possible to radically change the
stratification of amputations at one level or another, based on the implementation of
the principles of routine methods for determining the estimated level of limb truncation
towards optimization, which minimizes the number of unjustified high limb amputations
from 23.9% to 10.5% and deaths from 11.95% to 3.92% of cases, respectively.
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