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Abstract

Introduction. The natural course of the disease in intermittent claudication and critical limb ischaemia
differs significantly, which is an important factor in choosing a treatment strategy.

Aim. To analyse the clinical outcomes of unsuccessful primary and repeat revascularisation in patients
with chronic limb ischaemia following reocclusion of the reconstructed arterial segment, and to evaluate
the outcomes of lower limb amputations.

Materials and methods. A retrospective analysis was performed of the treatment outcomes of 119 patients
with occlusive-stenotic lesions of the lower limb arteries who underwent open and endovascular
interventions for revascularisation in chronic limb ischaemia over a 2-year period. In 103 (86.5%) patients,
reocclusion of the reconstructed segment developed in the postoperative period, which necessitated
repeated revascularisation or amputation. Two groups were formed: the first consisted of 17 patients after
primary revascularisation who underwent amputation due to the absence of ischaemia regression; the
second consisted of 31 patients after repeated revascularisation who, despite the intervention, developed
progressive ischaemia requiring amputation. An analysis was performed of the timing and level of
amputations, the frequency of complications, and the influence of concomitant pathology.

Results. In the group of patients who underwent repeat revascularisation, amputations were more often
performed at a later date: more than 1 year in 29% of cases compared to 5.8% in the group of primary
interventions. The main causes of limb loss after repeat reconstructions were shunt thrombosis, vascular
prosthesis infection, false aneurysms, and bleeding. High amputations at the hip level prevailed (59.3%).
Diabetes mellitus and cerebrovascular disease were associated with a higher risk of limb loss, but no
statistically significant differences between the groups in the frequency of these conditions were found.
Conclusions. Repeated revascularisation in cases of arterial reocclusion in patients with chronic limb
ischaemia allows amputation to be postponed in some patients and prolongs limb preservation, but
is accompanied by a high risk of severe vascular complications, necessitating major amputations.
Optimisation of patient selection and choice of revascularisation tactics are key to improving treatment
outcomes and limb preservation.
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INTRODUCTION

Peripheral artery disease (PAD), which manifests itself
as chronic atherosclerotic occlusive lesions of the lower
extremities, remains one of the most pressing problems in
modern medicine, affecting more than 230 million people
worldwide [1, 2]. The clinical symptoms of PAD can range
from mild intermittent claudication to critical limb ischaemia
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(CLI) [3]. CLI is the most serious form of this disease and
manifests itself as pain in the limbs at rest or tissue necrosis,
with the development of ulcers or gangrene, and is observed
in about 11% of patients with PAD [4-6].

The natural course of the disease in intermittent
claudication and critical limb ischaemia (CLI) differs
significantly, which is an important factor in choosing
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a treatment strategy. Untreated CLI is associated with a high
risk of mortality and the need for major amputations, mainly
due to severe ischaemic cardiovascular complications
and the risk of developing renal failure. Peripheral artery
disease, chronic kidney disease and diabetes mellitus
are significant predictors of amputation and mortality.
Intermittent claudication usually has a better prognosis, with
an annual risk of major amputations of less than 1% [7].
At the same time, for PAD, this figure reaches about 22%
and applies to both overall mortality and amputations [8].

According to current clinical guidelines, patients
with severe intermittent claudication that does not respond
to conservative treatment, as well as most individuals with
CLI, are recommended to undergo revascularisation to
preserve the limb and improve quality of life [7-10]. The
2024 guidelines from the ESC and ACC/AHA emphasise
the importance of an individualised approach to the choice
of revascularisation strategy (open or endovascular),
taking into account the anatomy of the lesion and the
patient’s comorbidities.

However, there is a pool of patients who have
undergone primary revascularisation but, due to certain
factors in the postoperative period, develop complications
that cause thrombosis of the reconstructed segment
and lead to the risk of amputation as an end-stage
complication of CLI.

Given the generally accepted recognition of
indications for revascularisation in CLI in modern medical
practice, finding an answer to the question of the need for
repeat revascularisation in patients at risk of amputation
becomes an extremely important task. Current studies
indicate that the choice of the optimal revascularisation
strategy has a significant impact on the frequency of
clinical failures and limb preservation [11, 12].

AIM

The aim was to evaluate the results of lower limb
amputations in patients with chronic limb ischaemia
after primary and repeat revascularisation in cases of
reocclusion of the reconstructed arterial segment.

MATERIALS AND METHODS

The study was conducted at the vascular surgery
department of the Kyiv Regional Clinical Hospital in
Kyiv. Over a two-year observation period, 120 patients
with occlusive-stenotic lesions of the lower limb arteries
were included in the study. All patients underwent surgical
revascularisation of the arteries of the lower extremities
due to chronic limb ischaemia (CLI). In 103 patients (86%
of cases included in this study), there were complications
in the postoperative period that led to reocclusion of the
reconstructed arterial segment and required repeat surgery.
In 17 patients (14%), no repeat surgery was performed to
restore blood flow in the arteries of the lower extremities.
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The study also included patients who came to the medical
facility during the study period with a history of primary
reconstructive surgery for occlusive-stenotic lesions of the
arteries of the lower extremities.

Primary intervention in 92 (77.3%) cases was
performed using open surgery, and in 27 (22.7%) cases,
radiovascular dilatation (RVD) was performed. Repeat
surgery was performed using open surgery in 70 (68%)
cases and using XDD in 33 (32%) cases. Among the
patients, there were 20 (17%) women and 99 (83%) men,
ranging in age from 38 to 87 years.

Endovascular interventions were performed according
to recommendations (ESVS 2024) [3]. The study included
patients with occlusive-stenotic lesions of the arterial
segment of the lower extremities, including patients with
diabetes mellitus and cerebrovascular disease (CVD).
Given the age category of patients and the prevalence of
the disease, ischaemic heart disease (IHD) and hypertension
(HT) were not identified as concomitant pathologies.

All patients underwent typical surgical procedures
for limb amputation according to the stage of the process,
localisation and severity of the lesion.

During thigh amputation, skin-fascial flaps were
excised with two semicircular incisions in the upper or
middle third of the thigh. The vessels on the thigh were
identified, transected, sutured, and ligated. The femur was
sawed, the bone debris was processed to smooth the edges,
and the N. ischiadicus was transected higher to draw it into
the soft tissues, after alcohol-procaine blockade and plastic
repair. After haemostasis, a stump was formed and the
postoperative wound was sutured layer by layer.

During amputation of the lower leg, skin-fascial flaps
were excised with two semicircular incisions in the upper
or middle third of the lower leg. The vessels of the lower
leg were isolated, transected, sutured and ligated. The tibia
and fibula were divided, and the the bone ends were filed to
smooth the edges. After haemostasis, a stump was formed,
and the postoperative wound was sutured layer by layer.

Interventions at the foot level were characterised by
the fact that necrosectomy was performed within the tissues
with preserved blood flow once a clear demarcation line had
formed. Two semi-circular incisions were made to remove
skin and fascial flaps, and the bones of the foot were sawn
with a Gigli saw. After haemostasis, a stump was formed and
the postoperative wound was sutured layer by layer.

Considering the severity of complications, patients
in our study were divided into two groups:

The first group consisted of 17 patients with
occlusive-stenotic limb lesions who underwent primary
limb revascularisation and lower limb amputation due to
the absence of limb ischaemia regression.

The second group consisted of 31 patients with
occlusive-stenotic limb lesions who underwent repeated
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limb revascularisation and lower limb amputation due to
the absence of limb ischaemia regression.

The second group of patients was divided into two
homogeneous subgroups according to the method of
repeated revascularisation. Subgroup A (27 observations):
patients who underwent open surgery; subgroup B (4
observations): patients who underwent endovascular
interventions. Table 1 shows the general characteristics of
patients in both groups.

The analysis revealed no statistically significant
differences between the groups for most baseline
indicators. However, in terms of the prevalence of
cerebrovascular disease (CVD), the differences were
statistically significant (p < 0.001), with CVD in group 2A
undergoing open surgery occurring in 11.1% of cases, in
group 2B undergoing CTA in 0% of cases, and deviations
were observed in group 2A — 22% and in group 2B — 0%
(p > 0.05 for all indicators except the frequency of CVD
and complications) (Table 1).

Table 1
General Characteristics of Patients in Both Groups
Type of operation Level of significance of
Indicator Open surgical Endovascular differences between
interventions (n=27) [ interventions (n=4) groups, p
Age, years 62,5,7+5.8 61,3+4,8 0,875
Gender F 7 (25,9%) 3 (75%) 0,316
L . I 7 (25,9%) 2 (50%)
%ﬁ’mc sl s 11 20 (74,1%) 2 (50%) 0,512
v 0 0
Diabetes A 11(41%) 2 (50%) 0,235
. Yes 3 (11,1%) 0
Cerebrovascular diseases No 24 (38.9%) 0 4,055
. Yes 27 (100%) 4 (100%)
trophic changes No 0 0 1,146
.. Yes 6 (22%) 0
Complications No 21(78%) 4 (100%) 2,064

To determine the degree of clinical severity of
ischemic limb damage, the WIfI classification was used.
Patients who underwent PEA: category 2-2 (50%),
category 3-2 (50%). In open surgery, there were 7 patients
(25.9%) in category 2 and 20 (74.1%) in category 3.

When planning surgical intervention, patients
underwent an examination algorithm that included:
physical and laboratory tests, ultrasound Doppler imaging
(UDI) using Toshiba Medical Systems Aplio 500, Toshiba
Medical Systems Aplio 400, and BK Medical Holding
Co. Inc. Pro Focus 2202, taking into account blood flow
velocity, usually using a linear transducer with a variable
ultrasound frequency of 9-15 MHz; computed tomography
(CT) or contrast-enhanced angiography (CEA) Siemens
Artis Zee and Philips Alura Xper FD20. After the
examination, the location, prevalence and severity of
ischaemic damage to the limb were determined.

Exclusion criteria: patients with multi-level
arterial damage, popliteal artery aneurysm, and non-
atherosclerotic peripheral arterial disease.

RESULTS

In 4 (3.8%) patients who underwent repeat surgery
to restore blood flow in the arteries of the limb in the early
postoperative period, limb amputation was performed due
to complications: (erosive bleeding — 1, lymphorrhea — 1,
prosthesis infection — 1, false aneurysm and shunt
thrombosis — 1). In 1 patient (1%) who underwent repeat
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surgery to restore blood flow in the arteries of the limb
in the long-term postoperative period, a false aneurysm
developed, which caused shunt thrombosis, leading to
amputation of the limb. Another patient (1%) developed
erosive bleeding 2 years after repeat surgery, which also
led to amputation. By gender, complications occurred in
6 men (100%) and in no women (0%).

The results obtained in patients who underwent
endovascular dilatation and open surgery for occlusive-stenotic
lesions of the limb arteries with CVD are shown in Table 2.

Only in 1 case (0.97%) after repeated revascularisation,
necrotomy of the distal parts of the foot was performed, and
the supporting function of the foot was preserved during
the first year of observation. However, due to infection
(phlegmon) of the foot, amputation of the lower limb at the
level of the shin was performed after a year.

In another 1 (0.97%) case, after repeated surgical
revascularisation, the weight-bearing function of the foot
was preserved and distal resection of the foot according to
Chopart was performed. However, due to the progression
of the atherosclerotic process and complications
of diabetic angiopathy, after 1 year of observation,
amputation of the lower limb at the level of the middle
third of the thigh was performed.

Within the above-mentioned groups of patients and
levels of amputation, patients with diabetes mellitus and
cerebrovascular disease among concomitant diseases were
identified (Table 3).
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Table 2
Results of Different Types of Surgical Interventions
Type of operation ) Level of significance of
. differences between groups, p
Indicator . " - T 1 : -
Repeat surgical interventions, | Primary surgical interventions,
(n=31) (n=17)
Up to | month 4 (12,9%) 8 (47,1%) 1,410
Up to 1 year 18 (58,1%) 8 (47,1%) 0,520
More than 1 year 9 (29%) 1 (5,8%) 0,835
Level of amputation
Foot 7 (25,9%) 2 (50%) 0,617
Lower leg 4 (14,8%) 1(25%) 0,219
Thigh 16 (59,3%) 1 (25%) 0,060
Table 3
Distribution of Patients with Concomitant Diseases by Level of Amputation
First group Second group
Level of Other Other
amputation DM CVD MI concomitant DM + DM CVD MI |concomitant DM +
conditions conditions

Foot 2 3 1 2 1 3 2
Lower leg 2 3 2 1 1 1
Thigh 1 4 1 6 1 11

In the first group, diabetes mellitus was detected in
5 (29.4%) patients, whereas in the second group, diabetes
mellitus was diagnosed in 10 (32.3%) patients (t = 0.115),
which is not a statistically significant difference.
Patients with diabetes mellitus who had a history of
acute cerebrovascular accident (CVA) or myocardial
infarction (MI) were detected in 2 (11.8%) cases in the
first observation group, whereas in the second observation
group, there were 3 (9.7%) such patients (t = 0.073),
which was also not statistically significant. Patients
who had other concomitant diseases, such as chronic
kidney disease, hypertension, and others, accounted for
10 (58.8%) cases in the first observation group and 15
(48.3%) cases in the second observation group, which
(t = 0.519) is not statistically significant and shows the
statistical homogeneity of the study groups.

In terms of lower limb amputation timing in the first
observation group, amputation was performed in 8 (47.1%)
cases within the first month of observation, in 8 (47.1%)
cases within the first year, and in 1 (5.8%) case after more
than 1 year following endovascular dilatation (see Table 2).

In the second observation group, amputation was
performed within the first month in 4 (12.9%) cases,
within the first year in 18 (58.1%) cases, and more than
one year in 9 (29%) cases, respectively. Taking into
account the time of limb preservation in the second group
from the first visit to amputation within 1 month, there
were 2 (6.4%) patients, within 1 year 10 (32.3%) patients,
and more than 1 year 19 (61.3%) patients.

The period between the first surgical intervention
and repeated revascularisation of the lower limb due
to reocclusion of the arteries in patients in the second
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observation group was: up to 1 month of observation —
9 (29%) patients, up to 1 year — 10 (32.3%) patients, and
more than 1 year — 12 (38.7%) patients, respectively.

DISCUSSION

The results of the present study indicate that
the absence of regression of limb ischaemia after
primary revascularisation should not automatically be
interpreted as evidence of futility of further limb-salvage
attempts. In the group of patients who underwent repeat
revascularisation, amputation was more often shifted to
later follow-up intervals, suggesting that restoration of
arterial inflow even after reocclusion may prolong the
period of tissue viability and provide additional time for
a more controlled surgical decision-making process.
Such an interpretation is consistent with current concepts,
according to which chronic limb-threatening ischaemia
represents the most severe clinical manifestation of
peripheral artery disecase, whereas revascularisation
remains the principal strategy for limb preservation in this
category of patients [13, 14].

At the same time, the substantial proportion of major
amputations observed in the study should be interpreted
in the context of the advanced structural severity of
arterial disease in these patients. Severe calcification
reduces arterial compliance, limits adequate balloon
expansion, increases the probability of residual stenosis
and flow-limiting dissection, and adversely affects long-
term patency. Published data demonstrate that marked
calcification and poor infrapopliteal runoff are associated
with less favourable endovascular outcomes, while severe
femoropopliteal calcification in patients with tissue
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loss is linked to worse limb-related results. Therefore,
reocclusion after reconstruction in such patients is likely to
reflect not only technical failure of the procedure, but also
the biological aggressiveness and anatomical complexity
of the underlying atherosclerotic process [15, 16].

Another clinically relevant aspect is that the benefit
of repeat revascularisation should not be assessed solely
through the binary endpoint of limb preservation. Even
when major amputation ultimately remains unavoidable,
postponement of limb loss may still be clinically meaningful,
as it creates additional opportunities for infection control,
clearer demarcation of non-viable tissue, optimisation of the
patient’s general condition, selection of a lower amputation
level, and preparation for subsequent rehabilitation. This
consideration is particularly important because peripheral
artery disease itself is associated with marked deterioration
in patient-reported health status, while utility values
are even lower in patients who undergo amputation.
Accordingly, treatment effectiveness in this population
should be interpreted not only in terms of technical patency
or repeat intervention rates, but also through its influence on
functional recovery and quality of life [17].

CONCLUSIONS

Chronic limb ischaemia is the most serious form of
peripheral artery disease and is associated with a high risk
of mortality and the need for major amputations.

Most patients who undergo limb amputation due
to the absence of ischaemia regression have a history of
primary or repeat revascularisation.

Complications in the early and late postoperative
periods after repeat revascularisation (such as aneurysm,
shunt thrombosis, prosthesis infection, bleeding) are the
main causes leading to further amputation.

Patients with diabetes mellitus and other comorbidities
(e.g., cerebrovascular disease) account for a significant
proportion of individuals undergoing amputation, although
no statistical difference between the primary and repeat
revascularisation groups has been found for these indicators.

The timing of amputation varies considerably: in
the repeat revascularisation group, follow-up amputations
(more than 1 year of follow-up) are more common,
indicating a temporary prolongation of limb preservation.

Prospects for further research include analysing
lower limb preservation in patients with reocclusion of
occlusive-stenotic lesions of the lower limb arteries,
surgical treatment tactics, and diagnostic algorithms, which
can help to obtain additional information and identify
clinically important aspects of patients, thereby improving
the quality of life and limb preservation in patients with
obliterating atherosclerosis of the lower extremities.
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Pe3rome

AHATNI3 HEBOAY NOBTOPHOI PEBACKYNIAPU3ALIII HUXKHLOI KIHLIBKM Y MALIEHTIB 13 XPOHIYHOIO ILLEMIEIO
KIHLIBKK
lOpin M. M'ynano', ipocnae M. AHHmMwmMHeub', AHApin O. FonsyeHko®, OnekcaHap A. FonAa4yeHKo?

‘[lepxaBHa HaykoBa ycTaHoBa «LieHTp iHHOBALiiHWX TEXHOMOii OXOPOHM 340POB's» [lepxaBHOro ynpaemiHHs crpaBamu,
M. Knis, Ykpaita

"HavioHanbHui iHCTUTYT cepLieBo-cyanHHoi Xipyprii imeHi M. M. AmocoBa HauioHanbHoi akapeMii MeanuHnx Hayk Ykpaitu,
M. Knis, Ykpaita

“TepHOMiNbCbKMIA HALOHANBbHUIA MeauYHUIA yHIBEpCUTET iMeHi |. A. FTopbayescbkoro MiHicTepcTBa 0XOPOHY 300POB'S
YkpaiHu, M. TepHoninb, YkpaiHa

Beryn. [IpupogHull nepebir 3aXxBOPIOBaHHS NPHU NepeMiKHINA Ky/JIbraBoCTi Ta KPUTHUYHIN imeMil KiHIIiIBKU CyTTEBO
Pi3HUTHCS, 1[0 € BXKJIUBUM GaKTOPOM IIPU BUGOPI JIiKyBa/bHOI cTpaTerii.

Merta. [IpoBecTr aHazni3 KJIIHIYHMX HACJAIAKIB HEYCIIIIHOI IEPBMHHOI Ta NOBTOPHOI peBacKy/spu3alil y nayieHTiB
i3 XpOHIYHOM imeMi€l0 KiHLIBKM B pa3i peok/I03il peKOHCTPYHOBAaHOrO apTepiajJbHOTO CerMeHTa 3 OLiHKOIO
pe3y/bTaTiB aMnyTanii HUXKHbOI KiHIIiBKH.

Marepiasiu Ta MeTogM. [IpoBe/ieHO peTpPOCIEKTUBHUM aHali3 pe3y/ibTaTiB JiiKyBaHHA 119 nanieHTiB 3 0KJII03iHHO-
CTEHOTUYHUM YPAKEHHSIM apTepidl HWXKHIX KiHLIBOK, SKUM yIOPOJOBX 2 pOKIB BHUKOHYBaJM BiAKpUTI Ta
€H/IOBACKYJ/IsIpHI BTPy4YaHHsI 3 MeTOI peBacKy/spu3alii Ipu XpoHiuHil imewmil kiHuiBku. ¥ 103 (86,5%) xBopux
y micssionepaniiHOMY NepioZii pO3BHUHYJIACh PEOKIIIO3is PEKOHCTPYHOBAHOIO CErMEHTA, 1110 3yMOBUJIO HEOOXiIHICTh
MOBTOPHOI peBacKysipu3anii abo BUKoHaHHsA amnyTauii. CpopmoBaHo ABi rpynu: mepma - 17 nanieHTiB micis
NepBHMHHOI peBacKy/sApu3alil, AKMM aMIlyTallil0 BUKOHAHO 4yepe3 BiACYTHICTb perpecii imeMii; gpyra - 31 nauieHT
mic/aA MOBTOPHOI peBacKy/dpusalil, y fAKHUX, He3BaXKal0UM Ha BTPYyYaHHd, PO3BHUHY/AChb Iporpecyroda imeMis
3 noTpe6oro B amnyTalii. [[poBefieHO aHai3 TepMiHiB Ta piBHIB aMmyTalii, 4acTOTy YCK/IaZHEHb i BIVIUB CyMyTHbHOI
MaToJIoril.

Pe3ynbTaTy. Y rpyni namieHTiB, AKUM IPOBELEHO NNOBTOPHY peBacKyJisdpU3allilo, aMInyTaLii 4yacTille BUKOHYBaJIUCh
y Bimpaneni Tepminm: nmonaz 1 pik y 29% BumnazkiB mpotu 5,8% y rpyni nmepBHHHUX BTpydaHb. OCHOBHUMH
NPUYMHAMH BTPATHU KiHLIBKU IicC/Js MOBTOPHUX PEKOHCTPYKLiH 6yad TpoM603 IIyHTa, iHPiKyBaHHS CyAUHHOTO
MpoTe3a, XMOHI aHeBpU3MHU Ta KpoBoTeyi. [lepeBakayiu BUCOKi aMmnyTarnii Ha piBHi cterna (59,3%). LlykpoBuii fiabeT
Ta LiepebpoBacKyJsipHa XBOpo6a acoliloBajJucs 3 6ilbIl BUCOKMM PU3WKOM BTpATH KiHIIBKH, OJHAaK CTaTUCTHUYHO
3HAYyIMX BifMIHHOCTEHN MiX rpyNaMH 3a YaCTOTOIO IIUX CTAHIB He BUSBJIEHO.

BucHoBKkU. [loBTOpHA peBacKy/spu3aLis NPpU PeoKJI03ii apTepiaJbHOr0 pyc/a y NALiEHTIB i3 XpOHIYHOIO iLIEMiEr0
KIHI[iBKM [103BOJIIE Y YAaCTHHM XBOPHX BiATEepMiHyBaTH aMmyTaLil0 Ta MOJOBXHUTH Iepios 36epekeHHs KiHLIBKY,
OJIHAK CYNPOBO/KYETHCS BUCOKUM PU3UKOM TSKKUX CYJUHHUX YCKJIaJHEHB, 1[0 3yMOBJIIOIOTb HEOOXiJHICTb BEIUKUX
amnyTtanid. OnTumisanisa Bif6opy MmauieHTIB Ta BUOOPY TAaKTHKH NMOBTOPHOI peBacKyJssipy3alii € KJAWYOBUMH JJis
MOKpallleHHs pe3yJbTaTiB JliKyBaHHS Ta 36epeKeHHs KiHI[iBKU.

Knawuoei cnoea: xpoHiyHa imemiss KiHIIBKHM, 3axXBOpHOBaHHA mnepudepuyHHX apTepi, NOBTOpPHA

peBacKy/isapu3aLis, peok/Ii03ia, aMnyTanisd HIKHbOI KiHIJIBKYM, KPpUTUYHA illeMid KIHIiBKH, BiAKPUTi CyAUHHI
PEKOHCTPYKILii, eHA0BACKY/IAPHi BTPy4YaHHA
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