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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The aim of the study: To investigate the hem microcirculatory
channel (HCMC) in chronic critical lower extremity ischemia
(CHLIC) in patients with diabetes mellitus (DM). To develop
a method for calculating the indicator of the degree of diabetic
microangiopathy (PSDMAP).

Material and methods: Skin and muscle samples of 63
patients with type 2 diabetes mellitus with CKD and skin
and muscle samples of 30 patients without systemic diseases.
Histological and immunohistochemical studies were conducted
to detect type IV collagen, CD31, and smooth muscle action.
We measured the diameters of blood vessels of the skin
and muscles, the density of capillaries per unit area for the
calculation of PSDMAP.

Results and conclusions: Characteristic changes were
revealed in the morphometric parameters of the HCMC
of the skin in patients with type II diabetes mellitus with
CKD. A method for calculating PSDMAP was developed.
It was revealed a correlation between the type of diabetic
microangiopathy and the probability of thrombosis after hybrid
arterial reconstruction, and an algorithm for the examination of
patients in the postoperative period was developed.

Key words. Diabetes, diabetic microangiopathy,
hemomicrocirculatory channel, ischemia, hybrid arterial
reconstruction.
Introduction.

In recent decades, the incidence of DM has reached the
proportions of a non-infectious pandemic. The prevalence
of diabetes doubles every 10-15 years. Diabetic micro-
macroangiopathy (DMAP) occurs in more than half of patients
[1]. This complication of diabetes is associated with a high risk
of development and rapid progression of vascular pathology [2].

The group of patients with ischemic form of the diabetic foot
syndrome in combination with occlusion of the superficial
femoral artery (SFA) and stenotic-occlusive lesion (SOU) of the
arteries of the popliteal-shin-foot segment requires particularly
complex tactical and technical solutions as standard methods of
arterial reconstruction are not always effective [3].

The pathogenetic role of morphological changes of the HCMC
in the development of such a complication of diabetes as the
diabetic foot syndrome is indisputable. There is no doubt that
vascular disorders like this can lead to irreversible changes in
the tissues of the foot [4].

Thelevel of their vascularization is of great importance for tissue
regeneration. Modern immunohistochemical methods allow
detecting a wide range of cell types and extracellular components
with high reliability. Knowledge of immunohistochemical
characteristics of various tissue components is necessary for
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using these methods in the diagnosis of a range of diseases [5].

The aim of the study. To analyze the results of the research of
HCMC in patients with diabetes mellitus. To develop a method
for calculating PSADMARP based on the determination of the
quantitative characteristics of the lesions of the HCMC of the
skin in patients with diabetes mellitus and CKD.

Materials and methods.

For immunohistochemical and histological studies, 487
micropreparations were prepared and examined from 178
paraffin blocks of skin, subcutaneous tissue, and muscles of 63
patients (research group). All patients had type II diabetes with
CKD on the background of SOU of the arteries of the femoral
and popliteal segments in combination with ulcerative-necrotic
lesions of the foot. All patients received treatment at the Center
for Vascular Surgery of the "FEOFANIYA" Clinical Hospital
of the State Administration of Affairs during 2013 - 2017. There
were 38 (60.3%) men and 25 (39.7%) women aged 59 to 84
years. The average age of the patients was (67.3 £ 5.2) years.

For comparison, it was selected skin and muscle samples of
30 patients (control group) who did not have systemic diseases.

The material was obtained from patients of the experimental
group during hybrid arterial reconstructions in order to restore
arterial blood circulation in the lower limb, which consisted in
an open surgical intervention on PSA in the form of shunting
or endarterectomy and endovascular intervention on the arteries
of the popliteal-shin segment, and from patients of the control
group under during general surgical and orthopedic operations
in compliance with the rules of ethics and deontology without
moral and legal violations in accordance with the provisions of the
Convention of the Council of Europe "On the Protection of Human
Rights and Dignity in the Aspect of Biomedicine" (1997).

The obtained material was fixed in a 10% solution of neutral
formalin. After fixation, the selected tissue sections were sealed
in paraffin according to the generally accepted scheme. Paraffin
sections 5 pum thick were made using a Leica 2025 microtome.
Some of sections were stained with hematoxylin and eosin, van
Gieson's picrofuchsin. To assess the condition of the basement
membranes and metabolic disorders in the tissues, the McManus
Schiff-iodic acid (SHIK) method with amylase control was used.
We conducted immunohistochemical studies using antigens:

VEGF — growth factor of endothelial vessels.

CD31 — endothelial factor (endothelial cell marker).

smooth muscle action is a marker of a benign vascular process,
also reveals cells with partial smooth muscle differentiation.

Type IV collagen is a marker of the vascular process and is
found in basement membranes.

Immunohistochemical reactions were performed according to
standard protocols using monoclonal mouse and rabbit antibodies.
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Results and Discussion.

In the skin of the patients of the experimental group, thickening
of the basement membrane with increased expression of type
IV collagen was observed, which led to the narrowing of the
vessels of the HCMC of varying degrees, which progressed.
In addition, there was loosening of the basal membrane of the
vessel wall of the HCMC of the papillary skin layer (Fig. 1),
which impaired their permeability.

When studying the density and distribution of blood vessels
of the HCMC of the skin after immunohistochemical staining
with anti-CD31 antibodies in patients of the control group,
uniform expression of the antigen in the endothelium of the
vessels was detected, which indicated a normal physiological
state. However, after the same staining of skin and muscle
preparations of patients with DM, a high intensity and focal
character of CD31 expression was revealed (Fig. 2).

Counting the number of capillaries of the papillary layer of the
dermis showed that patients with the 1st degree of DMAP, their
density per 1| mm2 was the lowest and gradually increased, the
maximum - with the 3rd degree of DMAP (Table 1).

Angiogenesis processes were changing in the skin of
patients with diabetes. The formation of new blood vessels
in DM was enhanced with increased expression of VEGFR-1
receptors in the skin of patients with DMAP, correlating with
the severity of disorders in the MHCR. Thus, in the vessels of
the skin of patients of the control group, a weakly expressed
immunopositive reaction was observed, whereas in the vessels
of the skin of patients with II and III degrees of DMAP, the
synthesis of VEGF increased, and the reaction of blood vessels
was clearly expressed. Given the relative simplicity of skin
biopsy, its use for determining DMAP PS is promising.

Based on the results of the study, we developed a method for
determining PSDMAP (Table 2).

An example of PSDMAP calculation: the average diameter of an
arteriole is 15.28 um - 2 points, the average diameter of a venule is

27.32 pm - 1 point, the average diameter of a capillary is 4.96 um -
3 points, the average number of capillaries per 1 mm2 is 162.45 - 3
points. Sum of points: 1+2+3+3=9. PSDMAP = 2.25 (9/4).

It is clear that PSDMAP can range from 0 to 3. DMAP was
considered as mild when PSDMAP was in the range of 0-0.9,
moderate when PSDMAP was in the range of 1-1.9, and severe
when PSDMAP was in the range 2-3.

Out of 63 patients whose skin and muscle preparations were
examined, 8 of them (12.7%) had PSDMAP scores in the range
of 0-0.9, which indicated mild DMAP, 11 of them (17.5%) had
PSDMAP scores in the range of 1- 1.9, which indicated the
average severity of DMAP, 44 of them (69.8%) had PSDMAP
scores in the range of 2-3, which indicated severe DMAP.

After hybrid arterial reconstruction, all patients received
antiplatelet therapy with clopidogrel 75 mg per os once a day
during the observation period. Among 8 patients with mild
DMAP during the observation period, there were no thromboses
in the zone of arterial reconstruction (AR). Out of 11 patients
with an average degree of severity of DMAP during the
observation period, thrombosis of the ZAR was recorded in 1
(9.1%), out of 44 patients with severe DMAP - in 12 (27.3%).
This highlights the important role of DMAP in the creation of
peripheral vascular resistance and the need to take into account
the severity of DMAP to determine the examination algorithm
with the possible performance of preventive operations before
the occurrence of thrombosis of the ZAR, the nature and
intensity of conservative treatment after arterial reconstructions
in patients with DM with CKD.

In parallel with the above study, we studied the results of
hybrid reconstructive surgical interventions on arteries in 75
patients with type 2 diabetes with CKD on the background of
SOU of the arteries of the infrainguinal segment in combination
with ulcerative-necrotic lesions of the foot.

During the observation period, which lasted for 12 months, 11
(14.7%) patients developed thrombosis of the ZAR. In order to

Table 1. Changes in vascular parameters of the HCMC of the papillary layer of the dermis.

. Groups of patients
Blood-bearing

without diabetes
vessels

with Sugar Dabet with DMAP (experimental)

(control) I degree II degree III degree
Diameter, mkm
arterioles 26,63 £ 1,69 24,02 +£2,7* 15,65 + 1,44* 10,28 £ 0,95*
venules 38,98 £2,15 33,26 £ 3,07 20,18 £2,03* 12,64 £ 1,06*
capillaries 8,19 +£0,69 7,58 +£1,1* 6,38 +£0,58* 5,73 £0,47*
Capillary density per 1 mm2 98,5+3,4 112,1+£5,6 138,3 +4,1* 156,9 £ 8,1*

Note. * p<(0.05 — (statistical significance of indicators in comparison with the corresponding indicators of patients who did not have diabetes).

Table 2. PSDMAP calculation method.

The number of points depending on the diameter of the lumen of the vessels and

Parameters DMAP
0

Diameter, mxm

arterioles >26

venule >39

capillaries >8,2

The number of capillaries per 1 mm?2 <98
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the number of capillaries per 1 mm2 of the HMC of the skin in patients with

1 2 3

25-18 -1 <l1
24-14 <14
8,2-6,5 6,4-5,5
99-128 129-157
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Table 3. Risk factors for the development of thrombosis of ZAR.

anamnesis

Points

Factors 0 1 2

The degree of peripheral resistance

(according to R. B. Rutherford and co- <5 Bin 5 10 7 Bing 8 no 10

authors, 1997)

Smoking Didn't smoke Stopped Continues

Body mass index, kg/m2 <30 30-40 > 40

Myocardial infarction and/orhistory of There was no One event More than one event
stroke

Sex Women Men

Diabetes Compensation Subcompensation Decompensation
Atrial fibrillation None Adjusted Unadjusted

Severity of DMAP Light Medium Heavy

Thrombos1's of th?, ZAR in the early Was not. Was
postoperative period
Reconstructive surgery was performed Within one arterial segment Multilevel or hybrid arterial

reconstruction

Amputation in Was not. Within a foot High

Figure 1. Photomicrograph. Loosening and thickening of the basal membrane of vessels of the HCMC of the papillary skin layer. Staining with

antibodies to type IV collagen. Coll. 400.

Figure 2. Photomicrograph. Skin of a patient with diabetes. Focal expression in the vessels of the dermis. Immunohistochemical staining with

antibodies to CD31. Coll. 400.
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improve the results of treatment, we proposed an algorithm for
the postoperative examination of patients taking into account
the presence of risk factors for the recurrence of SOU and
thrombosis of the ZAR and in the inflow and outflow tracts.

In our opinion, the development of thrombosis of the ZAR is
most likely in patients with risk factors listed in the table. 3, to
which we included the degree of severity of DMAP.

Summarizing the number of points, the tactics of examining
patients in the postoperative period were determined:

if the sum of points is less than 10, determination of the
regional systolic pressure index (RSPI) and control ultrasound
dopplerography (UZDH) are indicated after 3, 6, 12 months,
then 2 times a year.

with a score of 10-16, IRST determinations and control
ultrasound every 3 months are indicated.

with a total score of 17-22, IRST determinations and control
ultrasound are indicated every 3 months + after 6 months control
angiography, then - once a year control angiography.

Timely examination of operated patients and, if necessary, the
implementation of interventions (usually balloon angioplasty)
prevent the occurrence of complications such as SOU in the
ZAR and the inflow and outflow pathways and, as a result, ZAR
thrombosis. The most accessible and safe method of diagnosis
is ultrasound, which allows to determine the peak systolic
blood flow velocity, detect stenosis of the ZAR, as well as the
inflow and outflow arteries, but the most informative method of
diagnosing the state of the arterial bed in operated patients was
considered to be X-ray contrast angiography, which allows to
establish indications for performing a preventive operation.

Conclusion.

1. The totality of the obtained data on qualitative and
quantitative changes in the HMC of the skin made it possible to
develop criteria for the calculation of PSDMAP.

2. A correlation was found between the degree of DMAP and
the probability of thrombosis after hybrid arterial reconstruction.

3. Determining the range of severity of DMAP can be used
when creating an examination algorithm to establish indications
for preventive operations that prevent thrombosis of the
ZAR, and the nature of conservative treatment after arterial
reconstructions in patients with DM with CKD.
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