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Summary

Background. Ischemic diabetic foot is determined by trophic disorders of the foot due to a combi-
nation of atherosclerosis of the arteries and diabetic lesions. In the United States and some Europe-
an countries, among major non-traumatic amputations, amputations in patients with diabetes are
45-70%. The use of revascularization can significantly improve the results of treatment of patients
with diabetic foot. Features of ischemic diabetic foot require a separate approach to revasculariza-
tion. There are no generally accepted guidelines for revascularization in diabetic foot in the world
today. The choice of revascularization technique remains an open question.

The aim of the study. To analyze the effectiveness of differentiated application of intervention
techniques of revascularization for the treatment of ischemic diabetic foot.

Steps of differentiated choice of revascularization. We identified seven steps: determination of
indications for revascularization, determination of the critical arterial segment. the level of hemody-
namic compensation, determination of the feasibility of revascularization, the choice of revascular-
ization technique, the perform revascularization, the active postoperative monitoring.

Materials and methods. Diabetic ischemic foot was diagnosed in 133 observations. 123 revascular-
izations of 94 lower extremities were performed in 91 patients with ischemic diabetic foot. Patients
underwent angioplasty, surgical revascularization or hybrid intervention.

Results. Revascularization was performed in revascularization was performed in 92,4% of patients
with ischemic diabetic foot. Amputation-free survival was noted in 85.4% of cases, wound-healing
in 62.6%, preservation of foot support function in 79.7%, avoidance of repeated interventions in
78.9%. 5 (5.5%) patients died, 2 of them (2.2:%) within 30 days after revascularization.

Conclusions: Differentiated choice of revascularization technique allows to increase the number of patients to
be revascularized 92,4%, to reach of the level amputation-free survival to 85,4%, to reach of the level wound-
healing to 62,6%, to salvage of foot support function to 79,7%, to perform revascularizations in patients with
a high probability of limb amputation.

Key words: peripheral arterial diseases, diabetic foot, revascularization, angioplasty, vascular
surgery, endovascular treatment.

INTRODUCTION

Peripheral arterial diseases (PAD) are frequent pa-
thology that significantly impairs the quality of life and
leads to disability of people over 50 years. In the study
PARTNERS (2001p.) [1] 6,979 people over the age of 50
were examined. Peripheral arterial diseases (PAD) were
found in 1865 (29%) patients. More than 80% of them
had clinical signs, but only 49% were examined by their
doctors and had a diagnosis.
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The number of patients with diabetes, according to
the WHO report for 2016 [2], in Ukraine is 9.1% and tends
to increase, both in our country and around the world.

Diabetics are 2.7 times more prone to peripheral artery
disease than people of the same age without diabetes [3]. Ath-
erosclerosis of the arteries of the lower extremities in com-
bination with diabetes remains the main cause of non-trau-
matic major amputations of the lower extremities [4]. The
generally accepted probability of risk of diabetic foot ulcers
is 25% [4], according to some studies can reach 34% [5].
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According to the International Diabetes Federation,
diabetic foot ulcers occur annually in 9.1 million of the
world’s 26.1 million diabetics. In the United States and
some European countries, among major non-traumatic
amputations, amputations in patients with diabetes are
45-70% [7,8,9,10].

Of these, the combination of diabetes and peripheral
artery disease is 37-47% of all amputations, without dia-
betes — 16.2% —22.1%. [10,11]. After major amputations,
the average life expectancy is 50%, according to some data
only 2 years [12], and 5-year mortality is 40-90% [13].
One recent study [14] reported the following: after major
amputation for ischemic diabetic foot, survival for 1 year
was 41.7%, for 5 years — 8.3%.

The use of revascularization can significantly im-
prove the results of treatment of patients with diabetic foot.
Limb salvage after revascularization for 1 year is 78-85%
compared with 54% in patients treated conservatively [15].

Today there are two basic and two derivative meth-
ods of revascularization.

The basic ones include surgical revascularization
(open vascular surgery, bypass surgery), endovascular re-
vascularization (angioplasty). Combining endovascular
and surgical techniques within a single procedure is called
hybrid revascularization.

The use of endovascular technique for targeted ad-
ministration of thrombolytic drugs — catheter-directed
thrombolysis. The task of revascularization in a patient
with diabetic foot is to restore blood flow to at least one
of the arteries of the foot, preferably the one that supplies
the affected area [16].

Targeted restoration of blood flow in the most dam-
aged areas of the foot became possible due to the angio-
somal concept [17,18]. Current clinical guidelines for the
choice of revascularization technique are Inter-Society
Consensus for the Management of Peripheral Arterial
Disease (TASC-II) [19] and Global Vascular Guidelines
on the Management of Chronic Limb-Threatening Isch-
emia (CLTT) [20].

The recommendations of TASK-II (2007) do not
currently take into account the current possibilities of en-
dovascular revascularization.

The CLTI guidelines have specifically highlighted
the limitations of using these guidelines in patients with
diabetes due to the large difference between peripheral ar-
tery disease and ischemic diabetic foot [20].

A careful study of the studies on which these recom-
mendations are based reveals a significant difference in
the results of open, endovascular, and hybrid revascular-
izations, depending on the authors, clinics, and countries.
The result of revascularization is obviously influenced by
the experience of specialists, organizational and econom-
ic factors, both within the clinic and within the country.
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THE AIM OF THE STUDY

To analyze the effectiveness of differentiated appli-
cation of intervention techniques of revascularization for
the treatment of ischemic diabetic foot.

We defined the goal of revascularization as improv-
ing the quality of life by preserving the limb. Tasks of re-
vascularization are reduction of pain, avoidance of large
amputation, healing of trophic disorders, preservation of
functional capacity (support function) of the foot, suffi-
cient for comfortable daily activity.

STAGES OF DIFFERENTIATED REVASCULARIZATION
ALGORITHM

Step 1. Determination of indications for revascular-
ization. Indication for revascularization is the presence of
the ischemic diabetic foot.

Step 2. Determination of the critical arterial seg-
ment. The critical arterial segment, we considered the
affected arterial area, which most changes the hemo-
dynamics in the limb. The second necessary task was to
determine the functional capacity of inflow arteries and
outflow arteries.

Step 3. The level of hemodynamic compensation.
Hemodynamic compensation was defined as the ratio of
occlusive-stenotic arterial lesions and ischemia of foot
scans.

Step 4. Determination of the feasibility of revas-
cularization. Probability of successful revascularization.
The feasibility of revascularization was determined by the
risk-benefit ratio. We took into account: the probability of
successful revascularization, the probability of progression
of ischemia, trauma of the chosen technique, the forecast
of preservation of functional ability of foot, daily activity
of the patient.

the patient’s needs for quality of life, predicted tim-
ing of recovery of patient activity.

Step 5. The choice of revascularization technique.
First of all, we have always considered the possibility of an-
gioplasty — «Angioplasty is the first strategy». When per-
forming angioplasty, we tried to adhere to the angiosomal
concept. Surgical revascularization was choosen in pro-
longed resistant occlusions with capable outflow arteries,
local short occlusions of the bifurcation zone of the com-
mon femoral artery, Lerich’s syndrome, ineffectiveness of
previous endovascular intervention.

Step 6. Perform revascularization.

Step 7. Active postoperative monitoring. The mon-
itoring periodlasted one year. The monitoring consist-
ed of follow-up with ultrasound examinations, debride-
ment, infection control, off-loading, daily walking and
drug support
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RESEARCH DESIGN
Indications for revascularization.

Indications for revascularization were considered to
be the presence of diabetic ischemic foot.

Exclusion group.

— patients with palpatory pulsation of the arteries of the foot,

— patients with intermittent claudication that has not pro-
gressed or has not significantly affected quality of life,

— patients with diabetes mellitus and peripheral arterial
diseases without trophic disorders,

— patients who refused revascularization or went to an-
other institution.

Indications for primary major amputation: the condi-
tion of the limb, which eliminates the possibility of main-
taining the supporting function of the foot even after suc-
cessful revascularization.

Clinical data. Preliminary planning of the method of
intervention during the initial examination was based on the
somatic condition of the patient, the local status of the lower
extremity, palpation of the arteries of the lower extremities.

ADDITIONAL EXAMINATIONS

Ultrasound of the arteries of the lower extremities is
a mandatory examination performed during the general
examination for signs of ischemia.

CT angiography of the lower extremities. It was used
mainly for lesions of the arteries of the 1st and 2nd order,
when it is necessary to determine the exact size of the af-
fected area (eg, aneurysm) or if the patient has the results
of the examination at the first examination.

Angiography was planned to obtain additional in-
formation with the subsequent transition to the revascu-
larization procedure according to one of the methods ac-
cording to the obtained data.

CRITERIA FOR EVALUATING THE RESULTS

The following were chosen as criteria for evaluating
the results: avoidance of major amputation, healing of tro-
phic disorders. preservation of the supporting function of
the foot, repeated surgical interventions.

Terms of evaluation of results.

The monitoring period was 12 months.

MATERIALS AND METHODS

Diabetic ischemic foot was diagnosed in 133 obser-
vations. Revascularization was considered inexpedient
at the stage of the initial examination in 3 observations.

In 5 observations after angiography revascularization
by any method was considered impossible
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Attempts at revascularization were unsuccessful in
2 observations.

123 revascularizations of 94 lower extremities were
performed in 91 patients with ischemic diabetic foot.

All patients (100%) had trophic ischemic lesions of
the foot, in three cases both lower extremities were af-
fected (2.4%).

All patients underwent angioplasty, surgical revascu-
larization or hybrid intervention.

Sex. 73 revascularizations were performed in men
(59.4%), 50 in women (40.6%). Age. By age, patients were
divided into 2 groups: I — up to 65 years, II — 65 years and
older, the distribution by groups was 37 (30.8%) and 83
(69.2%), respectively. YpaxkeHHSs CTOIIN.

There are three characteristics of foot lesions:

— WIFi classification category,
— type of ischemic lesion,
— localization of the lesion.

Patients with category 0 foot lesions (rest pain, no
skin damage) were excluded from the study design.

REVASCULARIZATION TECHNIQUE

Revascularization techniques were divided into 3
groups: X-ray endovascular, surgical and hybrid. Endo-
vascular revascularizations were performed 90 (73.2%),
surgical — 24 (19.5%), hybrid — 9 (7.3%).

To statistically accurately evaluate the results of revas-
cularizations, it was decided to combine hybrid interventions
with X-ray interventions, given their relatively small number.

Catheter-directed thrombolysis was considered as
a derivative of X-ray endovascular technique.

In the study group of patients as a separate method of
treatment catheter-directed thrombolysis was not used, it
was part of the staged treatment according to the scheme
«thrombolysis-angioplasty».

RESULTS

Diabetic ischemic foot was diagnosed in 133 cases.
Revascularization was considered inexpedient at the stage
of the initial examination in 3 observations.

In 5 observations after angiography, revasculariza-
tion by any method was considered impossible due to to-
tal occlusion of the main arteries of the leg and foot and
underdeveloped collateral arteries.

123 revascularizations of 94 lower extremities were per-
formed in 91 patients with ischemic diabetic foot. Attempts
at revascularization were unsuccessful in 2 observations.

The analysis of long-term results within 1 year after
revascularization was performed.
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Total number: 123 revascularizations

Number percents

Amputation-free survival

101 85,40%

Wound-healing

77 62,60%

Avoidance of repeated revascularization

97 78,90%

Functional capacity of the foot

98 79,70%

Amputation-free survival was noted in 85.4% of cas-
es, wound-healing in 62.6%, preservation of foot support
function in 79.7%, avoidance of repeated interventions
in 78.9%.

5 (5.5%) patients died, 2 of them (2.2:%) within
30 days after revascularization.

5 (5.5%) patients died, 2 of them (2.2:%) within
30 days after revascularization.

EVALUATION OF RESULTS

The results of revascularization were evaluated ac-
cording to the following criteria: amputation-free surviv-
al, healing of trophic lesions, repeated revascularization;
preservation of the supporting function of the foot.

STATISTICAL ANALYSIS

Statistical analysis was performed using the statistical
open access package EZR v. 1.54 (graphical user interface
for R statistical software version 4.0.3, R Foundation for
Statistical Computing, Vienna, Austria) [21].

Method of revascularization

A statistically significant difference (p.value = 0.046)
in the effectiveness of different revascularization tech-
niques was revealed.

Amputation-free survival
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The probability of amputation-free survival for 1 year
with endovascular or hybrid techniques — 87.9%, with vas-
cular surgery — 75.0%.
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Angiosomal concept.
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There was also a statistically significant difference in
adherence to the angiosomal concept in revascularization
of the foot and leg (p.value = 0.018).

The probability of amputation-free survival within
1 year in angiosomal revascularization (direct revascu-
larization) — 91,9%, in indirect (indirect revasculariza-
tion) — 71.9%.

Wound healing
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healing.time
Number at risk
1 24 1 1 1 0 0
2 64 8 4 1 1 1
3 35 7 0 0 0 0

There was a statistically significant difference (p.value
=(.015) of healing from the category of foot tissue lesions
by WIFi. Healing during the year with lesions of 1 cat. noted
in 95.8% of observations, 2 cat in 54.0%, 3 cat. in 55.6%.
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There was no statistically significant dependence on
the method of intervention (p.value = 0.086). The median
healing was 0.25 for X-ray endovascular and 0.6 for sur-
gical revascularization. On the basis of the received sta-
tistical data it is possible to assume a tendency to the best
healing at endovascular interventions.

Repeated revascularization.

There was no statistically significant dependence of
the risk of re-intervention on the chosen method, adher-
ence to the angiosomal concept, localization of arterial
lesions and features of trophic changes.

There was no statistically significant difference be-
tween primary and repeated revascularizations in terms
of amputation avoidance (p.value = 0.301) and healing
(p.value = 0.119). It is possible to note a tendency to the
best healing after primary revascularizations.

CONCLUSIONS

Differentiated choice of revascularization technique
allows to increase the number of patients to be revascu-
larized to 92,4%, to reach of the level amputation-free
survival to 85,4%, to reach of the level wound-healing to
62,6%, to salvage of foot support function to 79,7%, per-
form interventions in patients with a high probability of
limb amputation.

Differentiated choice of revascularization technique
allows:

— the number of patients to be revascularized can be in-
creased to 92,4%.

— the level amputation-free survival can be reach to 85,4%,

— the level wound-healing can be reach to 62,6%,

— the foot support function can be salvage in 79,7%,

— revascularization can be performed in patients with
a high probability of high limb amputation.

The angiosomal concept when performing endo-
vascular techniques of revascularization makes possible
effective targeted restoration of blood flow in the area of
trophic lesions.

Arterial lesions, in which one of the methods is pre-
dicted to be ineffective, are indications for a combination
of techniques — hybrid revascularization.

Repeated revascularization can be an effective way
to prolong the life of the limb in the postoperative period.

KEYWORDS
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BUBIP METOAUKN PEBACKYNSIPU3ALIIT Y XBOPUX HA ILLEMIYHY AIABETUYHY CTONY
4. 10. lWanosanos

[lepxasHa HayKoBa ycTaHoBa «HaykoBO-NPaKTUYHWI LEHTP NPOGINaKTU4HOI Ta KNiHIYHOI MEAVLMHI» [lepXaBHOro ynpasiHHs
cnpasamu, M.KuiB, YkpaiHa

Berym. [reMivyna AlabeTnvHa CTOIIA BUSHAYAETHCS TPODIYHMMY PO3AaAAMU CTOIIM BHACAIAOK TIOEAHAHHST aTe-
POCKAEpO3y apTepiii Ta AlabeTnuHMX ypaskeHb. OCOOAMBOCTI illIeMiYHOT AlabeTIYHOI CTOIM BUMAararoTh OKpe-
MOTO IIIAXOAY AO peBacKyAspusallii. CbOrOAHI y CBiTi HeMa€ 3aTaAbHOIPUITHATUX peKOMeHAALii IIIOAO peBa-
cKyAspu3aliil AiabeTaHOI cTom. Bubip TeXHIKM peBacKyAsIpU3alil 3aAUIIIA€THCS BIAKPUTIM I TaHHSIM.
MerTa AocaiaxeHHs. [TpoaHaaizyBaTy e(peKTMBHICTD AMIepeHIIiIOBAaHOTO 3aCTOCYBaHHSI METOAIB BTpYYaHH
peBacKyAsSpu3alil AAsI AIKyBaHHSI illeMiqHOT AlabeTIIHOI CTOIN.

Etanu AudepeHmniioBaHoro Bu60opy peBacKyAsipusanii. Myt BU3HaUMAM CiM KPOKiB: BUSHAYEHH:I II0Ka3aHb
AO peBacKyAsIpU3allii, BUsHaUYeHHs] KPUTUIHOIO apTepiaAbHOIO CerMeHTa. OIliHKa FeMOAMHAMIYHOI KOMIIeHCa-
11i1, BUSHAYEHH:I AOIIIABHOCTI peBacKyAsipM3aliii, BUOip TeXHiKM peBacKyAspM3allil, BUKOHAHHS PeBACKYASPY-
3a11il, aKTMBHUIA MiCASIOIIepaLlifiHNIT MOHITOPUHT.

Marepiaau Ta MeToAU. AiabeTrdaHa imemivHa croma 6yaa aAlarHocroBaHa B 133 criocrepesxeHHsIX. byao mpo-
BeaeHO 123 peBackyastpmsariii 94 HYDKHIX KiHIIBOK y 91 mamienTa 3 ineMiuHOIO AlabeTraHOO cTomolo. [Tamien-
TaM BYKOHYBaAM €HAOBACKYASAPHY, XipypriuHy abo ribpraHy peBacKyAspuU3aIiiio.

PesyabpTaTn. PeBackyasipusaniito BukoHaAn y 92,4% IarieHTiB 3 ilreMiqHOIO AlabeT4IHOIO cToIOo0. BrknBaH-
Hs1 6e3 amnyTail BiaAsHadarocs y 85,4% BUIIAAKIB, 3aTOEHHS paH -y 62,6%, 30epe>XeHHsI OIIOPHOI YHKIIIT CTO-
m —y 79,7%, yHUKHEHHS IIOBTOPHUX BTpydaHb-y 78,9%. [Tomepao 5,5% marttieHTis, 2,2% 3 HUX BIIPOAOBX 30
AHIB ITiCAST peBacKy AsIpU3allii.

BucHoBKU. AidepeHniioBaHNii BUbIp TEXHIKM peBacKyAsSpHU3allil AO3BOASIE AOCSIITY KiABKOCTI IIalli€HTiB, AKi
MIAASITAIOTH peBacKyAsapm3arii, Ao 92,4%, AOCArTH piBHS BYKMBaHH: 6e3 amiryTaltii 85,4%, AOCArTH piBHS 3a-
TOEHHsI paH 62,6%, 30eperty pyHKIIIO MATPUMKY CTOIN B 79,7 %, a TAKOX BUKOHYBaTV BTPYYaHH:I ITallieHTaM
3 BICOKOIO JIMOBipHICTIO aMITyTallil BMCOKOI KiHITiBKIA.

Kntouoei coea: 3axBoproBaHHsI HepudgepUIHNX apTepiii, AlabeTIHA CTONA, peBaCKyAApH3aIllisi, aHTiomn-
AACTUKA, XipypTisl CYAVH, eHAOBACKYASIpHE AiKyBaHHSI.
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4. 10. LWANOBAJIOB
BbiGop MeToAMKM peBacKyNSipu3aLmm y NalMeHToB C MLEeMNYEeCKoii AnabeTnyeckoli CTonow

l'ocynapCTBeHHOE HayyHOE YupexaeHue «Hay4HO-NPaKTUYeckuid LEHTP NPOodUNakTuYeckon 1 KIIMHUYECKON MeaVLMHDI»
l'ocypapcTeeHHoOro ynpaeneHus genamu, r. Kues, YkpanHa

Bcrynaenme. Vinemndeckas: Anaberiieckasl CTOIIa OIPEAEASIETCS TPOPUIECKMMIU PaCcCTPOICTBAMIA CTOIIB
BCAEACTBIE COYETAHNsI aTePOCKAEPO3a apTepuii 1 AnabeTndeckux rnopaxennii. OcobeHHOCTV UIITeMITIeCKO
AVIabeTI9eCKOi CTOIIBI TPeOYIOT OTAEABHOTO IIOAXOAQ K peBacKyAspusaiyit. CeroAHsI B MyUpe HeT OOIIeIpyHsI-
TBIX PEKOMEHAQLINIA I10 PeBACKYASPU3AIINY AVAOETIYeCKON CTOIBL. BRIOOP TeXHUKY peBacKyAsIpU3aIiuy OcTa-
€TCST OTKPBITBHIM BOIIPOCOM.

ITeap mccaepaoBaHus. [TpoaHarusnpoBaTh 3PpPeKTUBHOCTD AN PepeHITNPOBAaHHOTO IIPMMEHEHsI METOAOB
BMeIlIaTeAbCTBA PEBACKYASIPU3ALIV AAS A€UEeHNST MIIeMITIeCKOii AabeTIeCKOl CTOIIbL.

STansl AP PepeHINPOBAaHHOIO BEI60OPa peBacKyAsIpu3anuu. Mbl OLIPEAEAVIAY CEMb IIIaroB: OIIPEAEAeHIe
IOKa3aHMii K peBaCKyAsIpU3aliy, OIIpeAeAEeHNs] KPUTUIEeCKOrO apTepUaAbHOTO CerMeHTa. OlleHKa TeMOAHa-
MIYECKOV KOMIIEHCAIINM, OIIPEAEAEHNe IIeAeCO0OPAasSHOCTY PEBACKYASPU3ALY, BEIOOP TEXHUKN PEBACKYAS-
pM3anmy, BEIIIOAHEHVE peBaCKyASPU3alVi, aKTVBHBI IIOCA€OIIepalVIOHHbI MOHUTOPYIHT.

Martepuaabl 1 MeTOABL AnabeTndecKas UIleMirdecKkasl CTOIIa OblAa AMaTHOCTMpOBaHa B 133 HaOAIOAEHMSX.
Geiro mpoBeaeHo 123 peBackyaspmsanmy 94 HVOKHUX KOHeUHOCTeli y 91 malieHTa ¢ MIIeMIYecKoi AuabeTn-
YecKoif CTOMo. IareHTaM BBIIOAHSAY SHAOBACKYASPHYIO, XUPYPIMYECKYIO VAV IVIOPVAHYIO PEBACKYASIPH-
3aIun.

PesyabTaThl. PeBacKkyAspusaluio BEIIOAHUAU Y 92,4% ITallMeHTOB C MIIEMIYECKON AMabeTIIeCcKOoi CTOION.
BrpKuBaeMOCTh 6e3 aMITyTaruy orMedaaach B 85,4% cAaydaeB, 3aKMBA€HNE paH — B 62,6%, COXpaHEHNe OIOp-
HOVI (pyHKIMY CTOWBI — B 79,7 %, M3beXaHIe IOBTOPHBIX BMEIIaTEABCTB — B 78,9%. YMepao 5,5% maumeHToB,
2,2% w3 Hyx B TedeHre 30 AHelI IIoCAe peBaCKYASpU3aIlNN.

BriBoABI. AiddepeHIPOBaHHBI BRIOOP TEXHMKM PEBACKYASIPU3AIMY TIO3BOASET AOCTMYb KOAMYECTBA I1a-
LIMEeHTOB, KOTOPble IIOAAEXKAT peBacKkyAsipusanyy, B 92,4%, AOCTIYb YPOBHS BBIKMBAEMOCTH Oe3 aMITyTaIum
85,4%, AOCTIYD YPOBHSI 3aKVMBAEHVSI paH 62,6%, COXPaHNUTDH (PyHKIIMIO TIOAAEPXKI CTOIEL B 79,7%, a Taioke
BBIITOAHSTD BMEIIIaTEABCTBA ITaIVIeHTaM C BBICOKOJ BEPOSTHOCTBIO aMITyTallMl BEICOKOI KOHEYHOCT.

Kntouesvie cnoea: 3a6oareBanus1 nepudepudeckux apTepuii, AmabeTudeckasi CTOIa, peBaCKyAsSIpU3anus,
AQHT'MOIIAACTUKA, COCYAVICTASI XMPYPIHsI, SHAOBACKYASIPHOE AeYeHue.

IHghopmauis npo asmopie 3naxooumwcs va caiumi http.//www.cp-medical.com.
Jlama naoxooocenns do pedaxyii — 29.10.2021 p.
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