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Abstract. Introduction. In surgical practice, angiogenesis is very important for predicting the results of
surgical intervention on vessels. In the human body, endothelial cells form new capillaries in those localizations
where they are in need. Such a phenomenon is observed in healing of wounds in the area adjacent to the damaged
tissue, there is a short-term «outbreak» of capillary formation. Local irritation and local infection also cause
proliferation of new capillaries, and when inflammation passes, many of the newly formed capillaries undergo
reverse development and gradually disappear.

Purpose. To investigate the dynamics of endothelial dysfunction after direct methods of revascularization in
chronic lower limb ischemia.

Material and methods. Endothelial damage was evaluated in the presence of desquamated endothelial cells
(DEC) in the blood plasma of patients with an indicator that exceeds 2.77 x 105 v1 litreplasma. The method has
high sensitivity and allows diagnosis of latent endothelial dysfunction

Results. The results of the complex examination of the treatment of 30 patients, which are operated in the
department of vascular surgery of the Zakarpattia Regional Clinical Hospital named after A.V. Andriy Novak from
2012 to 2018 on chronic ischemia in the case of obliterating atherosclerosis of the vessels of the lower extremities.
All patients performed femoral and hypodermic bypass grafting. On the basis of the obtained results there is
a decrease in the number of desquamated endothelial cells, indicating a significant reduction of endothelial
dysfunction.

Conclusions. Reducing the number of desquamated endothelial cells (from 6.12+0.21 x 105 to 3.9+0.08 x 105
in 1 liter of plasma) after direct methods of revascularization in chronic lower limb ischemia suggests a signifi-
cant decrease in the level of endothelial dysfunction.

The predominance of regeneration processes over the detection of apoptotic endothelial cells in intima of
vessels and the number of desquamated epithelial cells indicates a rational choice of surgical intervention. The
obtained results confirm the decrease in the degree of vascular damage, positive dynamic angiogenesis and the
effectiveness of the therapy.

Key words: obliteration atherosclerosis of the vessels of the lower extremities, chronic lower limb ischemia,
endothelial dysfunction, desquamation of endothelial cells, femoral arteries bypass grafting.

JluHamiyHi mapameTpu eHAOTedia/IbHOI AUCOYHKIII Mic/A NpoBeJAeHHs NPSIMUX MeTO/iB peBacKy-
Jgpu3sanii y nanieHTiB i3 XpOHiYHOI0 ilIeMi€l0 HIDKHIX KiHI[IBOK
T'opaenko @.B.

Pe3tome. Bcmyn. Y xipypriyHiil npakTHUIli aHTioreHe3 Ay)Ke BaXKJIMBUHU [/l IPOTHO3YBaHHS pe3yJbTaTiB
XipypriyHoro BTpy4aHHs Ha CyAMHax. Y TiJIi JIIOAWHY eHJ0Te lia/IbHI KJIITHHY YTBOPIOIOTH HOBI KalllJIIPU B TUX
JIoKaJsi3alisx, e BOHU NOTpebyoTh. Take sIBUIlle CIOCTEPIra€ThCs NMPU 3arOEHHI paH y AiISHI, [0 TPUJISATAE
Jl0 TIOUIKO/PKeHOI TKAaHWHH, BiIOYBAEThCA KOPOTKOYACHUH «ClasiaX» KalijJsspHOro yTBOpeHHs. MicleBe mo-
JpasHeHHs i MiclieBa iHQeKIlisT TAK0XX BUKJUKAIOTD MpoJidepallito HOBUX KaliJspiB, i KOJIM 3amaJieHHsT Po_
XO/JIUTh, 6AaraTo HOBOCTBOPEHUX KaMiJsipiB 3a3HAI0OTh 3BOPOTHOTO PO3BUTKY i MOCTYIIOBO 3HUKAIOTh.

Mema docaidxceHnHs: mpoaHaNi3yBaTH AWHAMIKY eHZOTesiaJbHOI AUCPYHKIIl micas mpsIMHUX METO[iB
peBacKyisipu3alii Ipy XpOHIYHIN illeMii HU>KHIX KiHI[iBOK.

Mamepiaau i Memodu. YpakeHHs1 eHJ|0TeJli10 OLiHI0OBa/IU B IPUCYTHOCTI JleCKBaMOBAaHUX eHA0Te liaJIbHUX
kiitTuH (DEC) y ny1a3Mi KpoBi XBOpUX i3 HOKa3HUKOM, 1[0 nepeBUINyE 2,77x105 B 1 s miia3mu. Croci6 Ma€e BUCOKY
YYTJIMBICTB i O3BOJISIE IIarHOCTYBATH JIATEHTHY €H/I0TeTiaIbHY AUCOYHKIIIO.

Pesysabmamu docaidsceHb, Pe3ynbTaTH KOMILJIEKCHOTO 00CTexXeHHs JikKyBaHHs 30 XBOpHX, fKi 6ysu
npoornepoBaHi y BiaAini cyguHHOI Xipyprii 3akapnaTcbkoi o6JiacHOl KJiHi4HOI JikapHi iM. AHzpis HoBaka
y nepiog 2012-2018 pp. i3 npuBoay xpoHidyHOi imemii npyu 06/iTepy0uOMy aTepoCKJepo3i CyJUH HIXKHIX
KIHLIBOK. Y BCIX XBOpUX BUKOHYBaJIM CTETHOBe 1 MiALIKIpHe IyHTyBaHHA. Ha nmifgcTaBl oTpuMaHUX pe3yJ/IbTaTiB
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CMOCTEPIraETbCS 3MEHIIeHHS KiJIbKOCTi JAeCKBaMOBAaHUX eHJO0Tesia/lbHUX KJITUH, 1[0 CBiJYUTh MPO 3HAYHE
3HW)KEHHS eHJ0TeiaabHOoI JUCPYHKIII.

BucHoseku. 3HW)XeHHs KiJIbKOCTi [JleCKBaMOBaHMX eHJoTedialbHuX KJIiTHH (3 6,12+0,21 x 105 go
3,9+0,08x105 B 1 /1 my1a3Mu) mic/1sl NPSIMUX METO/iB peBacKyJIsipu3alii Py XpOoHiYHiHN ileMii HIPKHBOT KiHI[iBKH
CBiTYMTH PO 3HAYHE 3HM)KEHHs PiBHSA eHAOTeMianbHOI AuchyHKIil. [lepeBarkaHHs npolieciB pereHeparii Ha
BUABJIEHHAIM allONTO3HUX eHJI0Te liaIbHUX KJIITHH B IHTUMI CYyIUH 1 KIJIBKICTIO ZleCKBAMOBAaHUX eliTeslia/IbHUX
KJITUH CBI[YUTH NpPO paljioHaJbHUN BUOIp XipypriuHoro BTpydaHHs. OTpuMaHi pe3yJbTaTU MiATBEPAKYIOTh
3HWKEHHSI CTYNEeHs CYJUHHOTO YUIKO/P)KEHHs, MO3UTUBHOIO JMHAMiYHOTO aHrioreHe3y Ta e(eKTHUBHOCTI

Tepamii.

Knwo4oBi cioBa: 06/iTepaTOpHUN aTepocKJiepo3 CYAMH HWXKHIX KiHIIIBOK, XpOHiuHa ileMis HIKHIX
KiHI[IBOK, eHfOTesia/lbHa AUCOYHKLIs, JecKkBaMallisi eHJOoTesiaJbHUX KJITHH, UIYHTYBAaHHS CYIJIO00BHUX

apTepii.

Introduction

In 1883, the clinic was introduced in the
practice of the term «atherosclerosis» by Jean
Lobstein, and only in the middle of 1970, Russell
Ross proposed the theory of the development of
atherosclerosis as a local inflammatory process
in the endothelial layer of arteries [1, 2]. One of
the most popular theories of development of
atherosclerosis is now considered as a pathological
process, the damage reaction on the endothelium.
Damage is considered not by as mechanical trauma
endothelium, but by as dysfunction [3].

According to literary sources, in our time,
the attention of scientists around the world is
concentrated in the direction of research, the
object of which is the endothelium - as the target
organ, which is the earliest damaged, and as the
key link pathogenesis of diseases [4]. Endothelium
- an active endocrine organ, one of the largest in the
body, which is diffusely dissipated along with blood
vessels in all tissues. Endothelium, distributed
throughout the blood, is essentially a body with
a huge surface. In general, it is a differentiated
structure. Endothelial cells, components of it,
perform certain specific functions in the body. It
is part and object of control of one of the systems
of the body - the circulatory system. Endothelium,
by histologists definition a single-layered layer of
specialized cells, which all forms a cardiovascular
tree inside, the weight of which is 1,8 kg
Quantitatively - this is one trillion cells with diverse
biochemical functions, which include systems for
the synthesis of proteins and low molecular weight
substances, receptors, ion channels [5].

Among the numerous functions of the
endothelium, the following can be distinguished:

1. Participation in the implementation of
transport functions of the blood circulation
system.

2. Participation in the modification of
bioactive substances, in particular, the conversion
of prohormones into hormones.

3. Participation in maintaining the required
blood viscosity and in bleeding stopping
(hemostasis). The endothelium secretes and
removes a number of substances that interfere
with blood coagulation and provide low blood
viscosity, which is necessary for unobstructed
blood .

4. Participation in regulation of vascular tone
and, consequently, in regulation of blood flow. The
endothelium secretes and displays a number of
conditions, such as narrowing (vasoconstrictors),
and widening (vasodilators) the lumen of the
blood vessels, and, thus, with other components,
change the volume velocity of blood flow in these
vessels.

5. Participation in the implementation
of protective functions blood system - in the
organization of inflammation, allergies and
immunity. Endothelium secretes and displays a
number of substances that activate the output of
leukocytes from the bloodstream, their migration
to the of a potential pathological focus site
and their participation in the organization of
inflammation [6].

In surgical practice, angiogenesis is very
important for predicting the results of surgical
intervention on vessels. In the human body,
endothelial cells form new capillaries in those
localizations where they are in need. Such a
phenomenon is observed in healing of wounds
in the area adjacent to the damaged tissue,
there is a short-term «outbreak» of capillary
formation. Local irritation and local infection also
cause proliferation of new capillaries, and when
inflammation passes, many of the newly formed
capillaries undergo reverse development and
gradually disappear.

Violation of the functional state of the
endothelium is manifested in violation of the
balance between vasoconstrictor and vasodilator
factors of vascular tone regulation, violation of
the trophic of the vascular wall, increased platelet



aggregation and increased platelet proliferation.
Vasoconstriction is due to the activation of sym-
patho-adrenal and renin-angiotensin-aldosterone
systems. The leading role is played by oxidant
stress, hyperproduction of free radicals [7, 8].

Purpose

To investigate the dynamics of endothelial
dysfunction after direct methods of revascular-
ization in chronic lower limb ischemia.

Materials and methods

The complex examination results of 30
patients who were operated in the department
of vascular surgery of the Zakarpattia Regional
Clinical Hospital named after M.Sc. Andriy Novak
from 2012 to 2018 on chroniclowerlimb ischemia
at obliterating atherosclerosis was made.

All patients before and after surgical
intervention (after 30 days) a venous blood
sampling was performed with the subsequent
determination of the number of desquamated
endothelial cells (taking into account the
morphometric characteristics), which determine
the degree of endothelial dysfunction. Methods
of diagnosis of latent endothelial dysfunction
are carried out as follows: on the shoulder
region a cuff is applied, in which, using the
air pressure is created by positive pressure
that exceeds systolic blood pressure by 40-50
mm Hg. Art. After 4 minutes decompression is
performed, after which blood collection from
the subcutaneous elbow vein is carried out and
the number of desquamated endothelial cells is
determined by Hladovec J. method. in terms of 1
liter of plasma. In the case of detecting fragments
of the endothelium, the cells that make up this
fragment are calculated. The obtained results are
compared with the initial amount of endothelial
cells. Endothelial damage was evaluated in
the presence of desquamated endothelial cells
(DEC) in the blood plasma of patients, which is
an indicator that exceeds 2.77x10 x 5/1 plasma.
The method has a high sensitivity and allows to
diagnose latent endothelial dysfunction (patent
RU (11) 2234094 (13) C2). The microscope
MicrosMCX-100 Daffodil was used for the work.

Results and discussion

Endothelial dysfunction is determined
by the following method: in patients in the
shoulder area we created a positive pressure that
exceeds systolic blood pressure on 40-50 mm
Hg. The criterion is the number of desquamated
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endothelial cells more than 2,77x105 in 1 L
plasma. The method has a high sensitivity and
allows diagnosis of latent endothelial dysfunction.

Endothelium of the vessels regulates local
processes of hemostasis, proliferation, cell
migration into the vascular wall and vascular
tone. The concept of endothelial dysfunction,
which is understood as an imbalance between the
factors that provide all these processes, is formed.
Endothelial cell fission to the basement membrane
is carried out with the help of vitronectin,
fibronectin, cadherins, and more effective in
young cells. The process of desquamation reflects
the renewal of the endothelium, which has lost
the ability to perform its inherent functions as a
result of aging or the impact of harmful factors.
The basis of desquamation of the endothelium is
the activation of proteinases, necrosis and / or
apoptosis of the endotheliocytes.

In the case of damage and apoptosis, there
is a violation of the functioning of proteins that
provide the connection of endothelial cells
with the basement membrane, which leads to
desquamation of the endothelium. The duration
of finding DEC in the blood is about 24-42 hours,
during which their seizure and destruction of
the macrophages of the liver, lungs and spleen
occurs. Apoptosis and endothelial cell necrosis,
increased proteinuria, breaking the connection
of endothelial cells underlying intima, contribute
to provocative cytokines, free radicals and active
forms of oxygen. The source of these biologically
active substances can be leukocytes, especially
adhered to endothelial cells, which is confirmation
oftheinflammatoryresponse ofthe organism. Risk
factors for the development of atherosclerosis
along with cardiovascular factors are infectious
agents. In the course of chronic inflammatory
reaction, migration and proliferation of smooth
muscle cells occurs, which contributes to the
further progression of atherosclerosis [9, 10].
Endothelium is characterized by high stability,
which is confirmed by the rare detection of
apoptotic endothelial cells in the intima of vessels
in the normal, with some other pathological
processes, reflects the degree of damage to the
vessels and allows you to judge the severity of
the course of the disease, the effectiveness of the
therapy. Adhesion of circulating leukocytes to the
wall of blood vessels, as well as migration into
subendothelial space, are carried out by adhesion
molecules. During the proteolytic cleavage,
soluble forms of adhesion molecules appear,
which is a sensitive indicator of the prevalence
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of atherosclerotic artery defeat. The processes
for the activation of endothelial dysfunction in
patients with atherosclerotic obliterans of the
vessels of the lower extremities are reflected
due to increased selectin concentration, type 1

intercellular adhesion molecules, and adhesion
molecules of vascular endothelium type 1. A
direct correlation is between the degree of
chronic arterial ischemia and the level of sP-and
sE-selectin [11].

Table 1
Calculation of DEC in patients (n = 30) before and after surgical intervention
number DEC number DEC
Parameters Age (years) Before test After test P
Before surgery 56,32+1,09 3,22+0,39x105 6,12+0,21x105 <0,001
After the operation 56,32+1,09 2,81+0,18x105 3,9+0,08x105 <0,001

The table 1 presents the quantitative
characteristics of the level of DEC in plasma
before and after the test with compression of the
shoulder vessels. At the beginning of the study, a
high level of DEC in patients also increased after
a testing, which confirmed the presence of endo-
thelial dysfunction in the studied subjects, the
number of DEC in patients exceeded the reference
values (3.22+£0.39x105), and after compressing -
the number of DEC was doubled (6.12+0.21x105)
in 1 liter plasma.

After surgery and conducting trial with
compression of the shoulder vessel, the number
of DEC significantly decreased (to a sample of
2.81+0.18x105 and after a test - 3.9+0.08x105 in
1 liter plasma). The levels of DECs did not reach

L
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the reference values but had a significant tenden-
cy to decrease.

Based on the performed studies it should be
considered that the increase of the number of
DEC above 2.77x105 in 1 liter of plasma after a
short-term test of compression of the shoulder
vessels is a diagnostic criterion for endothelial
dysfunction, which was confirmed in our inves-
tigation .

Based on the complex of general clinical and
special research methods performed in patients
in the study group, endothelial dysfunction was
confirmed.

We also conducted a morphometric study
of endothelial cells before and after surgical
intervention (Fig. 1, 2).

d

Fig. 1. Cells plast before treatment: there are pronounced polymorphism and proliferation, visualizing nuclides,
coarse-grained chromatin, the nucleus occupies virtually the entire cytoplasm.
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Fig. 2. Cell plast after treatment: Cells with ovidne and elongated nuclei are more advanced cytoplasm, nucleotides,

practically not visualized, delicate chromatin.

There is a positive dynamics under the
influence of performed surgical intervention at
the cellular level.

Conclusions

Reducing the number of desquamated
endothelial cells (from 6.12+0.21x10 5t0 3.9+0.08
x 105 in 1 liter of plasma) after direct methods of
revascularization in chronic lower limb ischemia
suggests a significant decrease in the level of

The predominance of regeneration pro-
cesses over the detection of apoptotic endo-
thelial cells in intima of vessels and the number
of desquamated epithelial cells indicates a
rational choice of surgical intervention. The
obtained results confirm the decrease in the
degree of vascular damage, positive dynamic
angiogenesis and the effectiveness of the
therapy.

endothelial dysfunction.
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