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Purpose: The evaluation of the long-term results after popliteal-pedal bypass in diabetic foot patients.

Materials and methods. In this retrospective single-center study between January 2011 and June 2016 were selected
diabetic patients WIfl 2—3, with chronic limb-threatening ischemia (CLTI) Rutherford Ill-IV category: men 27 (46,6%),
women — 31 (53,4%); average age 68 year +5,6 year (n=58).

Results. The mean preoperative ABPI was 0.4 to 1,2 and depend of Menkenbergs calcinoses. According to preoperative
DUS in all patients were detected occlusive-stenotic lesion on BTK arteries, the type of Doppler spectrum curve on the
foot arteries blood flow with lower peripheral resistance (RI < 0.83) in 31 (53.4%) patients, blood flow with high peripheral
resistance (Rl = 1.0) —in 19 (32.8%), pedal artery’s lumen was detected — in 8 (13.8%). TcPO2 on the foot was (11.2 +6.2)
mm. Hg. The ABPI were used to evaluate the hemodynamic response after operation, was the good determinant technical
success and clinical improvement, but we did not find any correlation with preoperative data. Wound healing after the
intervention on the foot during 1-2 weeks occurred in 46 (79.3%), repeated intervention including autodermoplasty made

wound healed within 1.5-2 months in 7 (12.1%) patients.

Conclusions. Limb salvage and CLTI patients survival after open surgery who were not performed major amputation
after revascularization were comparable regardless of treatment method.
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Introduction. Peripheral arterial disease (PAD) is
a common pathology affecting the vessels of the lower
extremities. This condition ranges from asymptomatic
to intermittent claudication and, in severe cases, the
development of critical limb ischaemia (CLI) [1-3].
PAD is closely associated with diabetes mellitus and
atherosclerosis and, as a result, an increased risk
of cardiovascular complications and mortality, and
its prevalence is increasing annually [4; 5]. As of the
early 2010s, PAD was confidently ranked third among
the leading causes of cardiovascular disease, second
only to coronary heart disease and stroke [6-8].

Recently, the number of studies focusing on
improving the treatment of patients with intermittent
claudication, the most common symptomatic
manifestation of PAD, has increased significantly [9].
However, there is still no consensus on the optimal set
of criteria that should be used to evaluate the results
of such studies. The absence of a standardised
approach makes it difficult to objectively compare the
results of different studies and generalise findings
for meta-analyses [10; 11]. Despite attempts to
systematise and unify the data obtained in studies,
in particular, the International Consortium of
Vascular Registries consensus recommendations for

peripheral revascularisation registry data collection
[12]. Current approaches and generalisations remain
too fragmented. They show considerable variability
in the proposed indicators and are limited to use in
narrow clinical contexts.

According to the International Diabetes
Federation, 9.1 million of the world’'s 26.1 million
people suffer from trophic foot ulcers each year. The
risk of trophic disorders with foot lesions, of all patients
with diabetes is 25% of observations, and according
to some studies can reach 34%. To compare on
Diabetes WHO (World Health Organization) report
9,1% DM — 4 million persons in Ukraine and 15-25%
of DM patients develops diabetic foot [13, 14].

The combination of diabetes mellitus and
peripheral artery disease, the number of performed
amputations reaches 37-47% of cases, without
diabetes is 16.2-22.1%. After major amputations, the
average life expectancy of 50% of diabetics is only
2 years, and the 5-year mortality rate is 40-90% of
cases [15].

The use of revascularization allows to achieve
limb preservation in diabetics with peripheral artery
disease for 1 year in 78-85% of cases, and without
revascularization in 54% [16].
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The aim. The evaluation of the long-term results
after popliteal-pedal bypass in diabetic foot patients.

Materials and methods. In this retrospective
single-center study between January 2011 and June
2016 were selected diabetic patients WIfl 2—3, with
chronic limb-threatening ischemia (CLTI) Rutherford
[lI-1V category: men 27 (46,6%), women — 31 (53,4%);
average age 68 year +5,6 year (n=58).

The pre- and post-operation (before discharge,
after 6, 12, and 24, 60 months) diagnostics included,
in addition to a clinical examination, the Doppler
occlusive pressure measurement (Heaco Sonoline C
device), with a calculation of the ankle-brachial index
(ABPI), Doppler ultrasound (DUS) using Mindray M5,
oxygen pressure in the subcutaneous tissue (TcPO2)
using TCM 400 RADIOMETER COPENHAGEN and
the determination of routine laboratory parameters
or underwent diagnostic angiography using a Philips
diagnost 76.

Patients were selected with adequate inflow to the
popliteal artery — 50 (86.2%) as defined by presence
of one of the following:

— palpable ipsilateral popliteal artery pulse;

— biphasic or triphasic Doppler waveform
in the ipsilateral popliteal artery;

— normal radiographic appearance of ipsilateral
common femoral and arteria profunda femoris or all
detected lesions are < 50% severity stenosis.

Additional we include patients with acute
thrombosis of popliteal artery — 8 (13.8%). Popliteal-
pedal bypass was done in 58 (100%) patients.

The risk factors that affected the outcome of the
procedure were previous intervention on the foot in
11 (18.9%) patients, previous vascular operation in 2
(3.4%) patients, arterial hypertension in 39 (67.2%)
patients, myocardial infarction/angina in 43 (74.1%)
patients, uncorrected diabetes during hospitalization
in 22 (37.9%) patients, smoking in 28 (48.3%) patients,
transient ischemic attacks or ischemic stroke in 14
(24.1%) patients, chronic lung disease in 17 (29.3%)
patients, and chronic renal failure with a creatinine
level of more than 150 ymol/l in 7 (12.1%) patients.

According to urgent indications in case of
secondary infection or moist gangrene of the distal
part of the foot, preoperative debridement, incision
and drainage with broad spectrum intravenous
antibiotics for 5 days, next underwent popliteal-pedal
bypass in 5 (8.6%) cases.

In case of non-infected dry necrosis of the fingers,
simultaneous popliteal-pedal bypass and intervention
on the foot where done in 18 (31.1%).

Indications for delayed intervention on the foot,
after popliteal-pedal by were dry gangrene of the
fingers with signs of infection, necrosis without
demarcation line or infected open wound of the foot
in 35 (60.3%).

The study was providing with compliance of
Council of Europe Convention on Human Rights and

Biomedicine principles, World Medical Association
Declaration of Helsinki on the ethical principles for
medical research involving human subjects, and
current regulations of the Ministry of Health of Ukraine.
All patients signed an informed consent to participate
in the study. The study protocol was approved by the
local ethics committee.

To analyze the results of the study, when presenting
qualitative data, the frequency of the characteristic
was calculated in % and its standard error (xm), for
quantitative characteristics, the mean value (x) and
standard deviation (+SD) were calculated. Fisher’s
exact test was used to compare the frequency of
qualitative features. The risk ratio (RR) indicator
was used to assess the clinical effect, and its 95%
probability interval (95% PI) was calculated. The
critical level of significance was chosen equal to 0.05.

The analysis was carried out in the statistical
package MedCalc v. 18.0 (MedCalc Software,
Belgium, 1993-2018).

The study performed as a fragment of the complex
scientific projects of the Scientific Department of
mini-invasive surgery (State Institution of Science
“Research and Practical Center of Preventive and
Clinical Medicine” State Administrative Department)
“Optimization of the specialized and highly
specialized surgical medical care provision based
on “fast track surgery” principles for certain diseases
of the thyroid and parathyroid glands, nasopharynx,
abdominal internal and reproductive organs, vessels
and joints using atomic forced microscopia and
implant prelamination” (state registration number
0119U001046; term: 2019-2021) and “Surgical
treatment optimization based on multimodal fast
recovery program using nanobiosencoric technologies
and anaesthesiological providing” (state registration
number 0122U000233; term: 2022—-2024).

Results. The mean preoperative ABPI was
0.8 £ 0.4 mm. Hg. and depend of Menkenbergs
calcinoses.

According to preoperative DUS in all patients were
detected occlusive-stenotic lesion on BTK arteries,
the type of Doppler spectrum curve on the foot arteries
blood flow with lower peripheral resistance (Rl < 0.83)
in 31 (53.4%) patients, blood flow with high peripheral
resistance (Rl = 1.0) — in 19 (32.8%), pedal artery’s
lumen was detected — in 8 (13.8%). TcPO, on the foot
was 11.2 £ 6.2 mm. Hg.

Data on early\late major amputations and death
data were retrospectively collected are depicted in
Table 1.

The ABPI were used to evaluate the hemodynamic
response after operation, was the good determinant
technical success and clinical improvement, but we
did not find any correlation with preoperative data
(Table 2).

Wound healing after the intervention on the foot
during 1-2 weeks occurred in 46 (79.3%), repeated
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Table 1. Limb surviving following by-pass type
Number of . . .
. . _ 1 year Limb |2 year Limb| 5 year Limb .
Type of operation patlar:)tg%r)\-ss surviving surviving surviving Amputations Death
Popliteal-dorsalis pedis 38 (63,3%) 38 (100%) | 36 (94,7%) 26 (68,4%) 2 (5,3%) 8 (21,1%)
Poﬂggfgﬂg'ra“s 14 (23,3%) 12 (85,7%) | 11 (78,6%) | 1 (7.1%) 2 (14,3%) 5 (35,7%)
Popliteal thrombectomy 4 (6,7%) 4 (100%) 3 (75%) 2 (50%) 1 (25%) 2 (50%)
Thrombolysis 4 (6,7%) 4 (100%) 4 (100%) 4 (100%) 0 1 (25%)
Table 2. Clinical characteristics, intervention and post-operative investigation
1year Limb | 2 year Limb | 5 year Limb
Target artery DUS measurements Initial TcPO2 A6c. re\T:sljzgli :ilgﬁiron survival survival survival
(%+m%) AGC. (%:+m%) A6c. A6c. AGc.
- (=0 (%+m9%) (%+m%) (%+m%)

Popliteal-
dorsalis pedis

Low peripheral
resistance (RI

7.1 £ 2.1 mm. Hg.

28.2+6.1 mm. Hg

27 (87,1%) | 24 (77,4%) | 18 (58,1%)

<0.83), n=31 Poplitea-tibialis
(53.4%) posterior
Popliteal-

High peripheral
resistance (Rl =
1.0) n=19 (32.8%)

dorsalis pedis
Popliteal-tibialis
posterior

15.2 £ 3.1 mm. Hg.

20.1 £5.2 mm. Hg.

17 (89,5%) | 10 (52,6%) | 5 (26,3%)

intervention including autodermoplasty made wound
healed within 1.5-2 months in 7 (12.1%) patients.

Discussion. The reasoning for the present study
is the assumption that diabetic patients WIfl 2—3 with
chronic limb-threatening ischemia (CLTI) Rutherford
V-VI category must go revascularization of the foot
arteries (popliteal-pedal bypass) to heel the wound.

Its important of visualizing foot vessels in
diabetic patients with limb-threatening ischemia use
digital subtraction angiography, since it gives good
visualization with a minimum of contrast and patient
discomfort [17]. We provide DUS detection of pedal
artery’s lumen or fine needle angiography by popliteal
artery puncture [18].

The optimal revascularization strategy is
autogenous vein for open bypass surgery [19]. We use
reversible grate saphenous vein (GSV) taken above
the knee in 34 (58,7%) case, below — in 24 (41,3%).

For prevention of wound complications at the site
of the pedal incision we plane incision 30 mm more
proximally to the foot wound.

Wound complications at the site of the distal
(pedal) incision have been observed with a incidence
of up to 10%, especially in diabetic patients of older
age [20, 21].

Also, in our retrospective study where included 8
cases of acute popliteal thrombosis with critical limb
ischemia (CLI) threated by open thrombectomy from

popliteal artery next going to popliteal-pedal bypass —
4 (7%) cases; catheter directed thrombolisys [CDT]
and within 3—4 days delay popliteal-pedal bypassing —
4 (7%). Catheter-directed thrombolysis (CDT) using
urokinase was performed as a bellow-the-knee
revascularization method. During the procedure, a
4F introducer was inserted into the SFA by Seldinger
method followed by ultrasound navigation with
additional heparinization.

The both treating methods in eight cases received
regression of ischemia and good long term results of
revascularization.

Conclusions. Limb salvage and CLTI patients’
survival after open surgery who were not performed
major amputation after revascularization were
comparable regardless of treatment method.

Prospects for further research. Future studies
should analyze the impact of patient-specific factors,
such as comorbidities and glycemic control, on
postoperative complications and the percentage of
limbs preserved. A comparative analysis of alternative
methods of revascularization, including endovascular
interventions, can provide valuable information about
the most effective treatment strategies. In addition,
the development of standardized postoperative care
protocols and rehabilitation programs adapted for
patients with diabetic foot remains an important area
for further research.
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BIAAANEHI PE3YNBTATU NIAKONMIHHO-TOMIZTIKOBOI'O LUYHTYBAHHA
B NMAUIEHTIB 3 AIABETUYHOIO CTOINOIO

rO.

M. 'ynano, A. O. lNonsiueHko, O. €. Llged, O. I. HabosnomHudl, O. A. [0/194eHKO

tNepxaBHa HaykoBa ycTaHoBa «LleHTp iIHHOBaLiiHUX TEXHO/TOTIi OXOPOHW 3[,0P0B’A» [lepXaBHOro ynpasiHHA crpasamu,
M. KniB, YkpaiHa

2TepHONINbCbKMIA HaLOHaIbHUI MeAnYHWIA yHIBepcuTeT iMeHi |.A. TopbayeBcbkoro MiHiCTEpCTBa OXOPOHM 3[,0POB’SA
Ykpainu, M. TepHonisb, YkpaiHa

SHaujioHalbHUIA IHCTUTYT CepLeBO-CyAVMHHOT Xipyprii imeHi M.M. AMocoBa HauioHanbHOi akagemii MeanyHux Hayk
Ykpainu, M. Knis, YkpaiHa

MerTa: OUiHIOBaHHSA BigAasieHNX pe3y/nbTaTis Nics nifKoAIHHO-TOMIIKOBOTO LUYHTYBaHHSA y XBOPYX Ha AiabeTnyHy
crony.

Marepianu i meToaun. Y peTpocnekTuBHe OLHOLLEHTPOBE [OCNIMKEHHA B nepiof i3 ciyHa 2011 p. no YepBeHb
2016 p. 6ynu Bigi6paHi nayieHTn 3 yykpoBum giabetom WIfl 2—3, 3 XpOHIYHOH iLLIEeMi€t0, L0 3arpoXye KiHLiBKam,
-1V @K 3a Pe3epdopaoM: yonosikie — 27 (46,6%), xiHok — 31 (53,4%); cepeHili Bik 68 pokis + 5,6 poky (n=58).
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Pesynbratn. CepefHiii nepefonepaviiHnii MOKa3HWK yNbTPa3BykoBoi gonnnaeporpadii ctaHosus Big 0,4 fo
1,2 i 3anexaB Bif HasABHOCTI KasbLMHO3y MeHkeHbepra. 3a gaHumu nepegonepauiiiHoi Y3 y BCix maujieHTiB
BUSIB/IEHO OK/IIO3IMHO-CTEHOTUYHE YPaXKEHHSA apTepiil roMinkv, TUn LONNAEPIBCbKOI CNeKTpasibHOI KPMBOT Ha
apTepisax CTONu — KPOBOTIK i3 HU3bKUM nepudepnyHnm onopom (RI < 0,83) v 31 (53,4%) naujeHTa, KPOBOTIK i3
BUCOKUM nepudpepnyHnm onopom (RI = 1,0) — y 19 (32,8%), npocBiT romMifIkoBOi apTepii BusBneHo y 8 (13,8%).
TcPO2 Ha ctoni ctaHoBMB (11,2 + 6,2) MM PT. CT. MOKa3HMKM KiICTOYKOBO-MIEYOBOTO iHAEKCY, AKi Oy BUKOPUCTaHI
[ONA OUiHIOBaHHA reMoAuHaMIYHOT BiANOBIAI Micna onepavil, BUABUINCS FapHOK LETEPMIHAHTOK TEXHIYHOIO YCnixy
Ta KNiHIYHOTO MOKPALLEeHHs, NpoTe MU He BUABUAM KOpensauii 3 nepegonepauiiHiMn faHuMW. 3aroeHHS paHu
nicns BTPyYaHHs Ha cToni mpoTtarom 1-2 TwxHIB Bigdynocsa y 46 (79,3%), NOBTOPHE BTPy4YaHHs, L0 BK/IYaIo
ayTofepMonnacTuky, Npu3sesno 40 3aroeHHA paHun npotsarom 1,5-2 micauiB y 7 (12,1%) nauieHTiB.

BUCHOBKN. 36epexeHHs KIHLiIBKM Ta BWKMBAHHS MALEHTIB i3 XPOHIYHO iLLIEMIED, L0 3arpoXye KiHLiBKam
nicns BiAKPUTOrO XipypriYHOro BTPy4YaHHs, SKMM He BUKOHYBaUM BE/VIKY amyTauito Nicns pesackynspusawii, 6ynm
NOPIBHAHHUMU HE3aNeXHO Bif, METOAY JiKyBaHHS.

K/IKOUOBI C/IOBA: piaGeTuuHa cTona; MifKOMiHHO-TOMIJIKOBE LWYHTYBaHHSA; FOCTPUIA apTepianbHuii
TPOMGO3.

Pykonuc Hadiliwos 00 pedakyii 22.04.2025

BigomocTi npo aBTOpiB:

F'ynano KOpiii MMpoHOBUWY — KaHAMAAT MEAMYHUX HayK, MPOBIAHMIA HAYKOBUIA CNIBPOBITHUK HAYyKOBOTO BifAiNy MiHiiHBa-
3MBHOI Xipyprii JepxaBHOi HayKOBOT yCTaHOBU «LIeHTp iIHHOBALiiHMX TEXHO/IOTi/i OXOPOHM 340POB’A» [lepXXaBHOro ynpas-
niHHA cnpasamy; ORCID 0000-0002-4856-1398

FonaueHko AHAPIi OnekcaHAPOBUY — AOKTOP MeAMYHMX HayK, npodhecop kadheapy MeanyHoi peabinitauii TepHoninb-
CbKOr0O HaLiOHa/IbHOr0 MEeAMYHOro YHiBepcuTeTy iMeHi |. A. FopbayeBcbKoro MiHiCTEpCTBa OXOPOHM 340POB’A YKpaiHu;
ORCID 0000-0003-2695-0023

LLBen OneHa EBreHiBHa — kaHAuaTka MeanyHMX Hayk, CMiBPOGITHULS HAyKOBOrO BiAAiny MiHiiHBa3uBHOI xipyprii Jep-
XXaBHOT HayKOBOT yCTaHOBMW «LleHTp iHHOBaLiiHWX TEXHOMOri OXOPOHW 3[40POB'A» [epXaBHOro ynpas/iHHSA crpasamu;
ORCID 0000-0002-7652-9301

HaGonotHuii Oner IBaHOBUY — KaHAMAAT MEAVNYHUX HayK, CNiBPOBITHUK HAYKOBOTO BifAiny MiHiiHBa3vMBHOT Xipyprii Jep-
XaBHOT HayKOBOT yCTaHOBMW «LleHTp iHHOBaLiiHWX TEXHOMOri OXOPOHW 3[40POB'A» [lepXaBHOro ynpas/iHHSA crpasamu;
ORCID 0000-0002-4273-5799

FonaueHko OnekcaHAp AHApiioBUY — AOKTOP hinocodii, cniBpoGITHYK BiAAiNYy iHHOBALNHOT Ta BiICLKOBOI Kapgioxi-
pyprii HaLioHa/IbHOro IHCTUTYTY cepLeBO-CYAUHHOT Xipypril imeHi M.M. AMocoBa HauioHa/ibHOT akagemii MeanyHX Hayk
Ykpainu; https://orcid.org/0000-0003-1583-0894

EnektpoHHa agpeca ansa nuctyBaHHs: uriy_gupalo@ukr.net, golyachenko@tdmu.edu.ua
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