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Pe3tome. Kanonu ouabem (KJ{) oynéoa oup myHua myxum 0yiean HOUHGeKyuoH Kacaiiuk cugpamuoa man onuH2aH

6y1ub, mapkanuy Heuxamuoan nanoemus Kypunuwuoa myc onou. K/Jnune xeuxu acopamaapudan 6ynean ouabemux
MOBOH CUHOPOMU KN yupab, I0KOpU Temaiiux Xamod 3pma UH8AIUOIUKKa cabab 6yimokoa. Kanonu ouabem xacainueu
2019 uunoa 1,5 muanuon ynum xonamaapuea cabab 6yauob, ynaprune 48% 70 éweaya 6yneannap mawkun smean. Xaikapo
Juabem ¢hedepayusicu maviymomiapuea Kypa, Kamoau ouabem ounan 2ocnumanusayus oyreannapuune 25% oan 47%
MYKUMANap CYPYHKAAU UWEeMUACU My@atiiy pueoiCiazan moeoHIapOasu UUPUHSIU O0eCmPYKMUE 3apapiaHuuLiap
okubamuoa Oyneanucu Kauod smuiean. Adabuémuap wapxuoa ouabemux mooH CUHOPOMUOA MUKPOYUDKYIAYUSHUHS
OY3UNUWUHUHE ACOCUTl NAMOQUBUONIO2UK MEXaHUIMAapuu épumuiean Oyaub, oyrap y3 Hagbamuoa nacmku Myyuaniap
Kpumux uwemusicuea onud kenaou.

Kanum cyznap: kanonu ouabem, ouabemux moGoH CUHOPOMU, MUKPOAHSUONAMUS, MAKPOAHSUONAMUS, UMEMUS,
MUKDOYUPKYISYUSL.

Abstract. Diabetes mellitus (DM) in the world is recognized as one of the most important non-communicable dis-
eases, the spread of which has acquired the character of a pandemic. Diabetic foot syndrome leads the list of late compli-
cations of diabetes, leading to early disability and determining a high mortality rate. In 2019, diabetes was the direct
cause of 1.5 million deaths, and 48% of all diabetes-related deaths occurred before the age of 70. According to the Inter-
national Diabetes Federation, from 25 to 47% of hospitalizations of patients with diabetes are associated with purulent-
destructive lesions of the feet due to the development of chronic tissue ischemia. The review reflects the main pathophysio-
logical mechanisms of microcirculation disorders in diabetic foot syndrome, leading to critical ischemia of the lower ex-

tremities.

Keywords: diabetes mellitus, diabetic foot syndrome, microangiopathy, macroangiopathy, ischemia, microcircula-

tion.

Diabetic foot syndrome (DFS) is a severe
complication of diabetes mellitus (DM), a manifesta-
tion of purulent-necrotic complications in the lower
extremities, developing in 30-60% of patients [1, 2].
The importance of the problem of this complication is
due to the fact that DM disease is steadily progressing
worldwide. WHO reports that by 2025, the number of
patients diagnosed with diabetes in the world will
reach 300 million people [3].

In 2019, diabetes was the direct cause of 1.5
million deaths, and 48% of all diabetes-related deaths
occurred before the age of 70. From 2000 to 2016,
premature (i.e. under the age of 70) mortality from
diabetes increased by 5%. In high-income countries,
the rate of premature mortality from diabetes declined
from 2000 to 2010, but then increased again in 2010-

2016. In lower-middle-income countries, an increase
in premature mortality from diabetes occurred in both
of these periods [4].

In Russia, according to the registry of the
NMRCTPM (National Medical Research Center for
Therapy and Preventive Medicine) of Endocrinology,
the number of patients with diabetes mellitus as of
2020 was 4.8 million people, 264 thousand of them
had type 1 diabetes, 4.5 million - type 2 and 101
thousand — other types. As of 2018, out of 4.58 mil-
lion diabetics, the majority (4.45 million) were adults

[5].

In Uzbekistan, the number of patients with dia-
betes mellitus in 2020 amounted to 257,457, includ-
ing 3,263 children and adolescents under the age of
18 [6]. Almost 25-30% of DM patients are diagnosed
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for the first time in a surgical hospital, where they
turn for purulent-necrotic processes of various locali-
zation, that is, with DFS [7]. According to the criteria
of the International Agreement on Diabetic Foot (In-
ternational Consensus on the Diabetic Foot, 2007),
DFS is diagnosed in 4-25% of all patients with diabe-
tes. Annually, new cases account for 2.2-5.9% of the
patient population [7].

According to the International Diabetes Feder-
ation, from 25 to 47% of hospitalizations of patients
with diabetes are associated with foot damage [9].
Every year in the USA and Great Britain 50,000-
75,000 patients with DM are hospitalized for trophic
ulcers of the lower extremities, which is from 2 to
7.2% of the entire population of patients with DM
[10].

The social importance of DFS is determined by
the fact that it leads to early disability and death [2, 4,
11]. Purulent-necrotic complications of DFS in 36 out
of 1000 patients with DM pose a threat to life and
become indications for amputation [12]. According to
statistics, the development of ulcerative defects on
the foot precedes 85% of all amputations in patients
with type 2 diabetes. The risk of amputation in pa-
tients with DFS is 25 times higher than in the general
population [13]. After studying the long—term conse-
guences of amputation, it was found that postopera-
tive mortality reaches 6%; within 5 years - 39-68 %;
in the future, there is a need to perform amputation of
the second limb within three years in 42% of patients
[14].

DFS is an immediate threat to the development
of ulcerative-necrotic processes and gangrene of the
foot and combines pathological changes in the pe-
ripheral nervous system, arterial and microcirculatory
bed, bone and joint apparatus [15]. The incidence of
ulcers on the feet, according to many authors in the
USA and the UK, ranges from 5 to 10.2% [16]. More
than 40% of non-trauma-related limb amputations are
carried out due to the development of diabetic gan-
grene, and mortality as a result of high amputations
of the lower extremities reaches 25-50% [17].

In the foreign medical literature, since the mid-
50s of the last century, changes in the feet of patients
with DM have been designated by the term "diabetic
foot". For a long time, patients with diabetic
angiopathy were treated with the same surgical tactics
as patients with chronic arterial insufficiency of the
lower extremities. Subsequent analysis showed a dif-
ference in the duration and quality of life after ampu-
tation in patients with and without DM. In 1987, in
Geneva, WHO specialists identified diabetic foot
syndrome as an independent manifestation of DM
along with retinal nephropathy. In 1989, an interna-
tional declaration was adopted in Saint Vincent, as a
result of which the number of amputations in patients
with DM was halved in many countries of the world
[18, 19, 20].

The main document on DFS is currently con-
sidered to be the International Agreement on Diabetic
Foot (2007). According to this document, DFS is an
infection, ulcer and/or destruction of deep tissues as-
sociated with neurological disorders and a decrease in
the main blood flow in the arteries of the lower ex-
tremities of varying severity [21].

Consequently, DFS is primarily purulent—
destructive lesions of the lower extremities due to
diabetes. About 85% of these lesions are trophic ul-
cers of the foot, 15% are abscess, phlegmon, osteo-
myelitis, tendovaginitis, purulent arthritis and other
processes that develop as a complication of a trophic
ulcer or primary (without primary ulcer) [22]. In ad-
dition, non—purulent destructive lesion of the extremi-
ties - diabetic osteoarthropathy Charcot belongs to
DFS. This group includes patients with stable conse-
guences of the described processes as a result of am-
putations of limbs at different levels [22, 23].

The classical pathogenetic triad of DFS in-
cludes ischemia, neuropathy and infection. All these
factors can lead to the development of DFS both in-
dependently and in combination for other reasons.
Based on the predominance of one or another factor,
there are 3 forms of DFS: neuropathic (60-75%),
neuroischemic (20-30%) and ischemic (5-10%) [24].
In many studies of purulent-necrotic complications of
DM, it is suggested not to separate the ischemic and
neuroischemic forms, since the ischemic form (with-
out signs of neuropathy) is rare, and the presence of
ischemia is a determining factor for the prognosis and
treatment of patients [25]. Therefore, taking into ac-
count the presence of ischemia in patients with DFS,
in order to prevent the phenomena of necrobiosis in
the tissues of the lower extremities and the develop-
ment of complications, it is important to determine
the tactics of treatment of patients with this pathology
and prevent amputation to understand the mecha-
nisms of microcirculatory changes in DFS.

Obliterating atherosclerosis of the vessels of
the lower extremities is common and is observed at a
younger age in DM [26]. For atherosclerosis, a
multisegmental diffuse lesion of the popliteal seg-
ment, the tibial artery and the arteries of the foot is
typical, the ilio-femoral segment is less often affected
[25]. Micro-preparations with microangiopathies
show thickening of the basement membrane, its split-
ting into layers, between which collagen fibers are
determined. These changes in the capillary walls lead
to a decrease in their lumen and subsequent oblitera-
tion [26].

In addition, the phenomenon of hyperglycemia
leads to non-enzymatic glycation of body proteins,
which complicates tissue oxygenation and leads to
hypoxia and microcirculation disorders described
above. Hyperglycemia aggravates blood rheology:
the adhesive properties of platelets and erythrocytes
increase, blood viscosity and blood flow rate slows
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down. In the future, there is a loss of elasticity of the
walls of erythrocytes and platelets, a violation of their
osmotic resistance due to changes in physico-
chemical properties [14, 21]. These disorders con-
tribute to increased hemolysis, aggregation and de-
struction of platelets as they pass through the capillar-
ies, which leads to mechanical damage to the endo-
thelium and the development of disseminated intra-
vascular coagulation syndrome. Hemolysis products
are an activator of lipid peroxidation. This provokes
the formation of a large number of aldehydes and ke-
tones, which in turn lead to a change in the antigenic
properties of lipoproteins with the formation of auto-
antibodies. Against the background of hyperglyce-
mia, there is a violation of the binding of insulin by
endotheliocyte receptors. The amount of laminin and
fibronectin, which ensure the attachment of
endotheliocytes to the basement membrane, also
changes [27]. In places of intensive blood flow, de-
fects in the intercellular connections of the endotheli-
um occur, which leads to an increase in the permea-
bility of capillaries. Histologically, plasmorrhagia
with endothelial proliferation and hyalinosis is de-
tected. The accumulation of low-molecular (1gG, p-
lipoproteins, albumins), subsequently high-molecular
proteins, up to fibrinogen, is determined in hyaline
masses [28].

With concomitant atherosclerosis,
lipogranulomas are formed in muscle-type arteries,
consisting of foamy smooth myocytes and macro-
phages prone to decay. The thickness of the elastic-
muscle type media vessels is significantly reduced, a
significant amount of PAS-positive material and a
decrease in the level of acidic glycosaminoglycans
are detected in it. Also, a characteristic complication
of DM is calcification of the media arteries
(Menkeberg atherocalcinosis) of medium and small
diameter, which increases the risk of amputation, ac-
cording to some studies, by 5.5 times [29].

It should be noted that with obliterating athero-
sclerosis of the vessels of the lower extremities, large
diameter arteries are affected, which distinguishes the
morphology of the lesion of the arterial bed in this
disease. Frequent detection of 1gG in the vessels to-
gether with complement indicates participation in the
formation of diabetic microangiopathy and immune
mechanisms. Circulating immune complexes are ad-
sorbed on endotheliocytes, causing their damage with
violation of the endothelial lining and basement
membrane and increased vascular permeability. In the
presence of a weak antigen, small antigen — antibody
complexes circulate in the blood for a long time, pro-
voking chronic damage to the vascular wall [30].

By the 80s of the XX century, the leading fac-
tor in the development of purulent-necrotic complica-
tions of DFS was the vascular theory, according to
which macro- and microangiopathy were the main
factors in their development. However, with the ad-

vent of methods of quantitative (ultrasound
Dopplerography) and qualitative (partial oxygen
pressure) assessment of blood flow, vascular theory
lost its primacy under the pressure of a large number
of observations with the presence of trophic ulcers
against  the background of  satisfactory
hemocirculation [1, 31]. According to domestic and
foreign authors, the main etiological factor in the de-
velopment of DFS should be considered hyperglyce-
mia resulting from absolute or relative insulin defi-
ciency [32, 33, 34].

Currently, there are several reasons for the de-
velopment of DFS, forming a vicious circle: an in-
creased blood glucose content entails glycolysis of
plasma proteins, a change in their conformation and
function. Such proteins are deposited in the walls of
capillaries, reducing their lumen, resulting in a viola-
tion of the rheological properties of blood, which
leads to the development of spontaneous
microthrombosis. Also, an important link in the path-
ogenesis of diabetic microangiopathy in DFS is a de-
terioration in the rheological properties of blood and
a violation of the platelet link of hemostasis [35-37].
Many pathological mechanisms (atherosclerotic and
coagulological) are involved in the formation of
macroangiopathy in patients with DM, which are cur-
rently united by the concept of "atherothrombosis".
Its occurrence and development leads to a sharp de-
crease in blood circulation in the affected limb, creat-
ing conditions for the development of critical ische-
mia [38-41].

Ischemia in diabetic angiopathy has a long
progressive character and manifests itself most often
after external influences, such as trauma. This is due
to the fact that the processes of vital activity of the
soft tissues of the lower extremities are characterized
by a lower partial pressure of oxygen than for active
inflammation or repair. A decrease in oxygen concen-
tration in the skin and subcutaneous tissue, along with
hyperglycemia, leads to atrophy and a decrease in the
protective properties of tissue macrophages. An ade-
guate response of the body to injury is an increase in
blood flow to the damaged area of the skin. However,
patients with DM are characterized by the presence of
an open arteriovenous precapillary shunt, as a result
of which, bypassing the capillary bed, blood enters
the venous system, impoverishing peripheral blood
flow. A.J.M. Bulton described this phenomenon for
the first time in 1982 [42, 43]. Endothelial dysfunc-
tion is also the cause of thrombosis (mainly of the
capillary bed) in patients with DM. Thickening of the
capillary basement membrane is a structural manifes-
tation of microangiopathy. These changes depend on
the level and duration of hyperglycemia [44]. A
change in the basal membrane of the vessel leads to a
violation of leukocyte migration, which manifests
itself by reducing the effectiveness of the inflamma-
tory reaction in the area of the lesion [45].
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Consequently, the regional blood circulation of
the extremities is the total value determined by the
degree of violation of the main, collateral blood flow
and the state of microcirculation. To determine the
tactics of complex treatment and the prognosis of
limb preservation in a patient with DFS, the blood
flow of the main vessels of the lower extremities is
traditionally determined. However, at present, in-
creasing importance is attached to the assessment of
the parameters of the microcirculation system, since
it is in this department of the cardiovascular system
that blood flow is regulated in accordance with the
metabolic needs of tissues. The failure of capillary
circulation is one of the leading factors in the devel-
opment of gross trophic disorders in patients with
decompensation of collateral blood flow.
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COCTOAHHE PETHOHAPHOI'O KPOBOTOKA IIPH
CHH/IPOME THABETHYECKOH CTOIIbI

Jlasnamos C.C., Xamoamos b.3.

Peztome. Caxapuwiti ouabem (C[) 6 mupe npusnan
00HOU U3 HauboNee BANCHLIX HeuHpeKyuonnvlx bonesnetl,
pacnpocmpanenue Komopoil npuodpeno xapaxmep namoe-
muu. B cnucke nozonux ocnoocnenusi CI] audupyem cun-
Opom Ouabemuueckol Cmonvl, NPUGOOsi K PaAHHell UHBATU-
ousayuu u onpeoenss 6blCOKUL YPOBEeHb JemanibHocmu. B
2019 2. ouabem cman menocpedcmeenHou npuuurou 1,5
MUuauona cyuaes cmepmu, u 48% ecex cesazannvix ¢ oua-
bemom cuyuaes cmepmu npousouiiu 8 gospacme 00 70
aem. Ilo 0annvim Medcoynapoonou ouabemuueckou pe-
depayuu, om 25 0o 47% eocnumanuzayuii 6oavnvix CIJ
CBA3GHO ¢ 2HOUHO-0eCMPYKIMUBHLIMU NOPAICEHUAMU CION
6creocmeue pa3eumusi XpoHu4eckou uwemuy mxauei. B
0630pe ompadiceHvl OCHOBHbIE NAMOPUIUOTOSULECKUE Me-
XAHU3MbL BO3HUKHOBEHUSL HAPYWEHUS MUKPOYUPKYIAYUU
npu cuHopome OuabemuyecKkol Cmonsl, NpugooAuue K
Kpumu4eckou umemuu HUMICHUX KOHeyHOCmell.

Knroueevte cnosa: caxapuulii ouabem, cuHOpom
ouabemuueckou cmonvl, MUKPOAHSUONAMUSL, MAKPOAH2UO-
namus, uwemMus, MUKpOYUPKYIAYUIL.
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