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Chronic limb-threatening ischemia (CLTI) is associated with a high risk of amputation
and mortality, while the effectiveness of infrapopliteal endovascular revascularization
remains a subject of debate. The aim of this study was to evaluate clinical outcomes
following endovascular recanalization in patients with limb-threatening ischemia.
A total of 136 patients were followed over a 12-month period. Endpoints included
overall survival, amputation-free survival, primary and assisted primary patency, and
rates of restenosis and reintervention. The one-year survival rate was 89.0%, and
the amputation-free survival rate was 88.6%. Limb salvage was achieved in 94.6%
of patients. Primary patency was 57.6%, and assisted primary patency was 61.3%.
Restenosis was observed in 36% of cases, and reinterventions were required in
26.2%. Independent predictors of adverse outcomes included age over 80 years,
chronic kidney disease, congestive heart failure, TASC D lesions, and the inability to
perform surgical bypass. Endovascular revascularization provides high rates of limb
salvage despite moderate patency and a significant incidence of restenosis.
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Adpec 3a kopecnoHOeHUUs:

XpoHMYHaTa KpUTUYHA NCXEMUS Ha KpaliHMKa e CBbp3aHa C BMCOK PUCK OT amnyTa-
LMA N CMBPTHOCT, KaTo eheKTUBHOCTTA Ha UHpanonnTeanHara eHaoBackynapHa
peBackynapusauma octasa npegMmeT Ha auckycus. Llenta Ha npoyysaHeTo e fa ce
OLIEHAT KNMHUYHUTE pe3ynTaTu cref, eHoBackyiapHa pekaHamsauma npy nauueH-
TV C KPUTUYHA UCXeMKS, 3acTpallaBalla kpaiHuka. MNpocnegenn ca 136 nauyeHTy
3a nepuog, ot 12 mMecela, Kato ca aHaM3npaHn NPeXMBAEMOCT, MPEXNBAEMOCT 6e3
amnyTauus, MbpBMYYHA N acucTupaHa NPoXoAnMOCT, YeCTOTa Ha PeCTeHO3U U PewH-
TepBeHUUN. EaHoroauvwiHata npexmssemocT e 89,0%, a npexvssiemocTTa 6e3 amny-
Taumst — 88,6%. 3anasBaHe Ha kpaliHvuka e nocturHato npu 94,6% oT nauueHTuTe.
[MbpBMYHaTa npoxoaumocT e 57,6%, a acuctupaHara — 61,3%. PecteHos3u ca ycTa-
HOBeHU npu 36% OT criyyaute, a penHTepBeHuun — npu 26,2%. Hesasucumn npe-
OVIKTOpK 3a HebiaronpuaTeH U3xop ca Bb3pacT Haf 80 roanHu, XpoHuyHa 6b6peyHa
N cbpaeyHa HegocTaTbyHOCT, TASC D nesun n nunca Ha Bb3MOXHOCT 3a 6aiinac.
EHp0BackynapHata peBacky/apusalms ocurypsisa BUCOKa YeCcToTa Ha 3anasBaHe Ha
KpaiHuka, BbMpekn yMepeHa NpoxXoAuMOCT ¥ 3Ha4YMMa YecToTa Ha pecTeHo3u.

XPOHUYHA KPUTUYHA MCXEMUS Ha KpaiiHuka, nepudepHa aptepuasiHa 6oMecT, Kpu-
TUYHA NCXEMUS], CbPAEYHA HEAOCTATUYHOCT, XPOHUYHA 6bOPEeYHa HeJ0CTaTbUYHOCT,
KapLMHOM, NCXEMUYEH MO3bUYEH UHCYNT
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Currently, there is insufficient high-quality evidence
regarding the effectiveness of infrapopliteal revascu-
larization with respect to mid-term survival and am-
putation-free survival. A systematic review analyzing
randomized and observational studies conducted be-
tween 2003 and 2017 found higher rates of cardiovas-
cular death, myocardial infarction, stroke, and major
amputation in patients with peripheral arterial disease
(PAD) [1]. It was also established that patients with
critical ischemia (Cl) are at the highest risk of limb loss.

Pharmacological therapy alone cannot reliably guar-
antee limb salvage in patients with chronic limb-threaten-
ing ischemia (CLTI). The principal therapeutic strategies
remain surgical and endovascular revascularization.

Infrapopliteal lesions in this patient population
are frequently long, heavily calcified, and occlusive
in nature, which significantly complicates technical
success and limits the potential for collateral network
development. These factors contribute to higher rates
of major amputation and mortality.

A

The primary aim of this study was to evaluate clinical
outcomes following endovascular recanalization in pa-
tients with critical limb-threatening ischemia (CLTI), with
specific focus on limb salvage rates and the incidence of
major amputations within 12 months of the procedure.

Secondary aims included comparison of one-year
patency rates according to the TASC classification of
lesions, and assessment of wound healing time fol-
lowing direct versus indirect revascularization.

M

The study population comprised patients with critical
limb-threatening ischemia. Pre-procedural evaluation of
the lower limb arteries was performed using duplex ultra-
sonography and digital subtraction angiography (DSA).

A 12-month clinical and imaging follow-up was con-
ducted, evaluating primary patency, the need for reinter-
ventions, overall survival, amputation rates, and wound
healing. Complete follow-up data over the 12-month pe-
riod were obtained for 136 patients, with a median follow-
up duration of 292 days after endovascular intervention.

The analysis was based on assessments of limb
salvage, amputation-free survival, and wound healing.
Statistical analysis was performed using IBM SPSS
Statistics, version 31.0.1.0. The significance level was
set at a = 0.05, and the null hypothesis was rejected at
p < 0.05. Analytical methods included the non-paramet-
ric Kruskal-Wallis test for comparisons between more

than two independent groups, Kaplan—Meier analysis for
evaluation of survival and cumulative patency, and the
log-rank test for between-group survival comparisons.

R

Complete 12-month follow-up was achieved for
all 136 patients. The median follow-up duration after
endovascular intervention was 292 days (interquartile
range: 136-727 days). During the follow-up period,
15 patients (11.0%) died. The cause of death was
unknown in 4 patients; the remaining deaths were at-
tributable to congestive heart failure (n = 5), chronic
kidney disease requiring dialysis (n = 4), malignancy
(n =2), and ischemic stroke (n = 2).

Published data indicate a cumulative survival of
approximately 79% in patients with critical ischemia.
The most common causes of death are related to
systemic vascular disease, reflecting the high burden
of comorbidities in this patient population. Cardiovas-
cular complications — including myocardial infarction
and stroke — represent the leading causes of mortal-
ity, rather than local limb pathology.
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Fig. 1. Causes of death in patients with CLTI

The one-year overall survival in the study cohort
was 89.0%, with a mean survival time of 11.3 months
(95% CI: 10.9-11.7 months). Logistic binomial regres-
sion analysis identified coronary artery disease and age
over 80 years as the primary predictors of mortality.
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Fig. 2 Cumulative survival — standard error <10%
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Multivariable Cox regression analysis confirmed
the following independent risk factors for mortality: age
> 80 years (HR 2.64; 95% CI: 1.60-4.36; p < 0.001),
chronic kidney disease (HR 1.71; 95% CI: 1.04-2.86;
p = 0.039), congestive heart failure (HR 1.46; 95% CI:
1.02-2.07; p = 0.041), and the inability to perform surgi-
cal bypass, which was identified as the strongest predic-
tor (HR 13.3; 95% Cl: 6.6-27.4; p < 0.001).

Table 1. Multivariable Cox regression analysis of 1-year
survival risk after intervention

Predictors HR Cl19% P
>80 age 2,64 1.60-4.36 | <0.001
CKD 1.71 1.04-2.86 | 0.039
CHF 1.46 1.02-2.07 | 0.041
Patient unsuitable for bypass 13,3 6,6-27,4 0,001
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Fig. 3. Kaplan-Meier (KM) — amputation-free survival

Kaplan—Meier analysis demonstrated an ampu-
tation-free survival of 88.6% at one year following
endovascular therapy. The 30-day major amputation
rate was 1.4%. All patients who underwent amputa-
tion had poorly controlled diabetes mellitus; one pa-
tient presented with gangrene and the remainder with
non-healing wounds and significant comorbidities.
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Fig. 4. Amputation-free survival — standard error <10%

Limb salvage was achieved in 94.6% of patients, de-
fined as freedom from major amputation at 12 months.
All amputations occurred within the first year, with the
highest incidence observed at six months. Limb salvage

rates were inversely correlated with TASC lesion com-
plexity: seven amputations occurred in TASC D lesions,
yielding a one-year limb salvage rate of 87.5% for TASC
D versus 98% for TASC C, with no amputations record-
ed in TASC A or B lesions. Multivariable Cox regression
analysis identified TASC D lesions (HR 2.75; 95% CI:
1.13-12.46; p = 0.031) and the inability to perform surgi-
cal bypass (HR 2.91; 95% CI: 1.61-5.12; p < 0.001) as
independent predictors of major amputation.

Table 2. Multivariable Cox regression analysis of the risk
of amputation at 1 year after intervention

. Amputation
Predictors HR (95% ClI) P cToMHCT

Age > 80 1.55 1.30-1.85 0.05
Dialysis 1.22 1.17-1.30 0.01
CHF 1.44 1.12-1.79 0.03
Dyslipidemia 0.75 0.71-0.84 0.01
Diabetes 1.04 1.13-12.59 0.04
TASC D 2.75 1.00-109 0.31
unsuitable 2.91 161-5.12 0.001
for bypass

Current 1.07(0.98-1.16) 0.04
smoker
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Fig. 5 Primary patency rates, defined according to
conventional criteria. Standard error (SE) <10%

Primary patency — defined as vessel patency without
the need for reintervention — was 57.6% at 12 months.
The Kaplan-Meier curve demonstrated a marked de-
cline in primary patency between the 7th and 9th months
following percutaneous transluminal angioplasty. The
mean duration of maintained patency was 9.4 months
(95% CI: 8.8-10.0 months). Patency rates varied signifi-
cantly according to TASC classification: 60% for TASC
A, 64% for TASC B, 51% for TASC C, and 48% for TASC
D (p <0.001), underscoring the importance of active sur-
veillance beyond the sixth postoperative month.

Assisted primary patency, achieved through end-
ovascular reintervention for restenosis, was 61.3% at
12 months. Loss of patency occurred predominantly
around the tenth month, with a mean patency dura-
tion of 9.46 months (95% ClI: 8.88-10.05 months).
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Fig. 6. Assisted patency

During follow-up, restenosis was absent in 64% of
patients, while it was documented in 36%. The peak
incidence of restenosis occurred between the third
and eighth months. A statistically significant associa-
tion was observed between the degree of restenosis
and TASC classification: restenosis rates were 20.0%
for TASC A, 18.1% for TASC B, 35.4% for TASC C,
and 46.1% for TASC D (p = 0.018). TASC D lesions
were also associated with earlier onset of restenosis.
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Fig. 7. No secondary restenosis according to the
TransAtlantic Inter-Society Consensus (TASC) classification

Univariate analysis identified the following predic-
tors of restenosis: critical ischemia as classified by
Rutherford grades 4-6, tibial artery intervention, oc-
clusive lesions, and TASC D classification. On multi-
variate analysis, independent predictors of restenosis
were critical ischemia (p = 0.041), occlusive lesions
(p =0.031), and TASC D lesions (p = 0.001).

Table 3. Predictors of restenosis identified by univariate analysis

Predictor HR 95% CI P
Rutherford 6 1.357 1.037-5.360 0.005
TASC D 1.476 0.188-0.929 | p=0,001
Occlusive lesions 2.437 1.111-5.345 0.011

Reintervention was required in 37 patients

(27.2%) during the follow-up period. The most com-
mon indications included recurrent rest pain, Dop-
pler-confirmed restenosis, and non-healing wounds.

The mean time to reintervention was 9 to 11 months,
with risk concentrated between the sixth and twelfth
months. In 78.4% of reintervention cases, restenosis
involved the originally treated vessel; in the remaining
21.6%, disease progression had affected a previously
untreated vessel.

Table 4. Indications for reintervention

Indications for reintervention

Non-healing wound 6 (16.2%)
Doppler evidence of restenosis 14(39,6%)
Recurrent rest pain 17(46,4%)

The most frequently retreated vessels were the
anterior tibial artery (21.6%), superficial femoral ar-
tery (18.9%), and popliteal artery (16.2%), followed
by the posterior tibial artery (16.1%), the tibiopero-
neal trunk (11.5%), and the peroneal artery (5.1%).

Reinterventions were performed at single or mul-
tiple levels; some patients required combined treat-
ment encompassing femoral or popliteal procedures
in addition to tibial interventions. Surgical bypass was
performed in three patients.

Table 5. Baseline characteristics of the total population, the
reintervention group, and the non-reintervention group

Total Reintervention | Reintervention p

YES NO
Men 69,3% 47% 53,5% 0,64
Women 30,9% 46% 69%% 0,002
Diabetes 39,2% 54,5% 45,4% 0,52
Hypertension | 42% 51,5% 49
Dyslipidemia | 43% 55% 45% 0,21
Dialysis 33% 64% 36% 0,001
CHF 79% 45,4% 36,3% 0,031
Smoker 73% 39,3% 33,3% 0,82
Wounds 25,5% 36% 48% 0,02

D

Complete 12-month follow-up was achieved for
all 136 patients, with a median follow-up duration
of 292 days after endovascular intervention. Fifteen
patients (11.0%) died during the follow-up period.
Causes of death included unknown etiology (n = 4),
congestive heart failure (n = 5), chronic kidney dis-
ease requiring dialysis (n = 4), malignancy (n = 2),
and ischemic stroke (n = 2).

Published data report cumulative survival rates of
approximately 79% in patients with critical ischemia.
The predominant causes of mortality are related to
systemic vascular disease, reflecting the high comor-
bidity burden characteristic of this patient population.
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Cardiovascular complications — namely myocardial
infarction and stroke — are the leading contributors
to mortality, rather than the local limb disease itself.

The mean wound healing time was 109 days
in patients who underwent direct revascularization,
compared with 318 days in those who underwent
indirect revascularization. The 95% confidence inter-
vals confirm that wound healing is significantly faster
following direct revascularization.

Wound healing was defined as complete epithe-
lialization of the index ulcer or the stump following a
minor amputation. Wound care, including surgical de-
bridement where necessary, was initiated prior to en-
dovascular intervention and was systematically moni-
tored during hospitalization and at each subsequent
outpatient visit. Poor wound healing was defined as
lack of improvement within four weeks after revas-
cularization, documented deterioration or wound en-
largement at the last follow-up visit, or progression
to major amputation. In general, patients with dete-
riorating wounds but viable limbs underwent repeat
revascularization. In the study cohort, five patients re-
quired reintervention: two in the direct revasculariza-
tion group and three in the indirect revascularization
group. Despite reintervention, three patients ultimate-
ly required major amputation. In cases of infection
and inflammatory signs, systemic and local antibiotic
therapy were administered; once the infection was
controlled, routine wound care was resumed.

C

Limb salvage was achieved in 94.6% of patients, with
no major amputations recorded within the first 12 months
following the procedure. All amputations occurred within
the first year, with the highest incidence at six months.

A significant correlation was observed between
limb salvage rates and TASC lesion classification,
with the majority of amputations occurring in patients
with more complex lesions (TASC D).

The mean time to wound healing was significantly
shorter following direct revascularization compared
to indirect revascularization (109 days versus 318
days), underscoring the clinical superiority of the di-
rect revascularization approach in this patient group.
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