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Peslome. BeedeHue. XpoHnyeckas uwemus, yrpoxatowias notepen koneuHocten (XUYTIK), npeacrasnset coboit
KOHEYHYI0 CcTaauto 3abonesaHns nepudepuyeckux aptepuin (3r1A), KoTopoe BKIHYAET XPOHUYECKYHD ULLEMUYECKYH
Borb B NOKOE WUAK MLLIEMUYECKUE NOPAKEHUS KOXM, A3Bbl UMW FraHTPEHY NPOAOIKUTENBHOCTLI0 Bonee AByX Hefenb.
XoTa MHpanonneTManbHas aHrmonnacTuka MoXeT cnacTv BONbLUMHCTBO KOHEYHOCTEN NPy yrpo3e aMmnyTaLum, 3HA0-
BaCKynspHble BMeLIaTeNbCTBa Ha MH(panonnMTeanbHOM COCy4MCTOM pycie MOryT yiyyLlnTb CUMNTOMbI Y NaLUeHToB
¢ XMYTIK 3a cueT BOCCTAHOBMEHWS MarncTpanbHOro KpoBoToKa B cTone. OnTuManbHas cTpaTerus pesackynspusasmm
Yy NaLMEHTOB C TSHKENON ULIEMMEN HOT OCTAETCA HEonpeaeneHHON. Ljesibro faHHOoro nccneaoBaHmus bul1o cpaBHeHNe
pe3ynbTaToB LYHTUPOBAHUS U @HTMONMACTUKM NPY U30NNPOBAHHBIX NOPaXeHUsSX HUxXe koneHa. Mamepuanbi u me-
moosl. B nccnegosanue 6binv BKIOYEHbI NALMEHTBI C 13BaMU UMK FAHrPEHOM NanbLieB HOT, NepeHecLLne onepaLmio
LIYHTMPOBAHMS HUXe KONeHa UNi aHrmonnacTtuky u ctenTuposanne B 2022-2023 rr. BohxmaemocTb 6e3 amnyTauui
(BBA) 1 061was BbixuBaemocTb (OB) oLeHuBanuch ¢ MCNoNb3oBaHMEM perpeccuoHHbIx Tectos Kannana—Merepa u
Kokca. Pesynbmamsl. B nccneposanue 6binn BkntodeHsl 310 naumeHTos, 3 Hux 259 nayueHTam 6bina BbinonHeHa
BannoHHas aHrmonnacTuka 1 CTeHTUpoBaHue noakoneHHon aptepum (MkA), 51 nayneHTy — wyHTMpoBaHue. CpeaHun
BO3pacT B rpynne LWyHTMpOBaHMA coctasun 73,1 (£7,1) roaa, a B rpynne aHrMoONNacTUkU U CTEHTUpOBaHNUS — 73,9
(27,2) roga. Mexay AByms rpynnamu He BbIfo CyLLEeCTBEHHbIX pa3nuyuii no nony, AuabeTy, rnepTeH3nm, KypeHuto,
WHCYNbLTY 1 NOYEYHON HEAOCTATOMHOCTM B aHamHe3de. BBA coctasuna 43,4 (+£8,5) mecsua B rpynne WyHTMPOBaHUS 1
39,8 (£8,9) MmecsiLia B rpynmne aHrMonnacTkv U CTEHTUPOBAHMS, YTO ObIN0 AOCTOBEPHO NyuLLe B rpynne LyHTMPOBaHNS
(p=0,05). Obwas BbixuBaemocTb (OB) coctasuna 49,6 (+10,6) mecsua B rpynne WyHTUpoBaHus v 46,2 (+11,7) mecaua
B rPYNne aHr1onnacTuku 1 CTEHTUPOBAHNS, HO CTaTUCTUYECKN 3HAYMMO He oTnnyanack (p=0,32). 3aknroyeHue. BEA
Obina 3HaYNTENBHO BbILE B rPynne WyHTMpoBaHus. TakuMm obpa3om, onepaums LWYHTUPOBAHMSA NpeacTaBnseTcs
npeanoyTUTENbHEeEe aHrMONNacTUKK AN BCeX NaLMEHTOB C TAXENON NWEMMEN HOT, 3a UCKMIOYEHWEM NALWUEHTOB C
MHOXECTBEHHbIMW COMYTCTBYOLMMN 3a601€BAHNAMM U TEX, Ybsi BEHA HE NOAXOANT ANS WYHTUPOBAHNS.

KntoyeBble cnoBa: aHrMonnacTtuka Huxe KoneHa, LWYHTUPOBAHNE HMXE KONEHa, UEeMNA HUXKHNX KOHEeYHoCTeW,
raHrpeHa nanbLa CTonbl
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Abstract. Introduction. Chronic limb-threatening Ischaemia (CLTI) is a manifestation of peripheral arterial disease
(PAD) that includes chronic ischemic rest pain or Ischaemic skin lesions, ulcers, or gangrene for longer than two
weeks. Although infrapopliteal angioplasty may salvage the majority of limbs under threat of amputation. Endovascular
interventions in the infrapopliteal vasculature may improve symptoms in patients with CLTI by re-establishing in-line
blood flow to the foot. The optimal revascularization strategy for patients with severe leg ischemia remains uncertain.
The purpose of this study was to compare outcomes of bypass surgery and angioplasty in isolated below-the-knee
lesions. Materails and methods. Patients with ulcers or toe gangrenes, undergone below-the-knee bypass surgery
or angioplasty and stenting from 2022 to 2023, were included in the study. Amputation-free survival (AFS) and overall
survival (OS) were assessed using the Kaplan—Meier and Cox regression tests. Results. Three hundred ten (310)
patients were included in this study, of which 259 patients underwent balloon angioplasty and popliteal artery stenting,
51 patients underwent bypass surgery. The mean age in the bypass group was 73.1 (£7.1) years and 73.9 (£7.2)
years in the angioplasty and stenting group. There were no significant differences in gender, diabetes, hypertension,
history of smoking, history of stroke, and renal insufficiency between the three groups. AFS was 43.4 (£8.5) months
in the bypass group and 39.8 (£8.9) months in the angioplasty and stenting group which was significantly better in the
bypass group (p=0.05). OS was 49.6 (+10.6) months in the bypass group and 46.2 (+11.7) months in the angioplasty
and stenting group but did not differ statistically significant (p=0.32). Conclusion. AFS was significantly higher in the
bypass group. Thus, bypass surgery seems preferable to angioplasty for all patients with severe leg ischemia except

those with multiple comorbidities and those whose vein is not adequate for bypass.

Keywords: below-the-knee angioplasty, below-the-knee bypass, lower limb ischemia, toe gangrene

INTRODUCTION

Atherosclerosis is the most common cause of peripheral
arterial disease (PAD) of the lower extremities. Acute ischemic
limb is an advanced stage of peripheral vascular disease, which
is characterized by pain during rest and night pain (requiring
opioid analgesics), for >2 weeks. This condition results in ulcers
and gangrene in the limbs, and if left untreated, it will cause
permanent disability, even amputation, and mortality in patients.
It also imposes a heavy burden on the society and health system

[1]. This condition is now cured using various revascularization
technics [2]. Although surgical bypass is regarded as the gold
standard due to better anatomical and clinical durability relative
to the other revascularization methods for critical lower limb
ischemia (CLI) [14-16], percutaneous transluminal angioplasty
(PTA) in peripheral vascular disease (PVD) is a feasible method
of treating CLI, and has similar outcomes to those of bypass
surgery [17, 18, 23-30] (Fig. 2).

Several studies have been published about the outcomes
of surgical and endovascular interventions all around the world,
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presenting various views on these two approaches. Although
both surgery and angioplasty methods are suggested for these
patients, there are still significant controversies regarding the best
one [1, 3-9].

Infrapopliteal bypass is one of the major methods in lower
limbs, which targets to reestablish blood flow to the tibial,
peroneal, or pedal arteries. The primary indication for this method
is critical limb ischemia (CLI) due to atherosclerotic events [3].
In general, venous grafts, regardless of the target site, are
preferred over artificial grafts in all below-the-knee bypasses. The
large saphenous vein is most commonly used; however, small
saphenous vein, superficial femoral vein, and venous parts of the
upper limbs can also be used [4, 8, 23-30].

Endovascular treatment is often the first choice in the
treatment of peripheral vascular diseases of the lower extremities
[2]. New advances in endovascular treatments have made it
possible to treat complicated vascular lesions. Patients with
multiple underlying illnesses or those who do not have proper
veins for the surgery will benefit most from endovascular
therapies [2, 6].

Despite extensive studies for determining the best way to
treat these patients, there is no consensus on which surgical or
angioplasty is preferred (Fig. 3).

THE AIM OF THE STUDY

This study aimed to compare the results of bypass and
angioplasty in patients with lesions below the knee due to
ischemia, to determine which method gives better outcomes.

MATERIALS AND METHODS

In this retrospective cohort study, 310 patients who were
treated by bypass surgery or angioplasty or stenting from 2022
to 2023 were included in the study. The criteria for entering the
study were having obstruction or stenosis of distal to popliteal ar-
tery confirmed by duplex or triplex ultrasonography and computed
tomography angiography. The exclusion criteria of patients were
being unable to walk due to advanced underlying disease or due
to severe deformities in the knee or ankle joints.

The patients were interviewed and examined to collect their
demographic, pre and post-medical history information, including
gender, age, smoking status, background illnesses, having ulcers,
gangrene, or pain during rest, level of amputation, glycated he-
moglobin level, and type of their surgeries (Fig. 1). Confidence
interval in this study was 95%.

RESULTS

A total number of 310 patients who were undergone below-
the-knee bypass surgery or angioplasty or stenting of PopA during
the years of 2022-2023 because of foot ulcers or gangrene were
enrolled in this study. The mean age in the bypass group was 73.1
(£7.1) years, and in the angioplasty group was 73.9 (£7.2) years.
Amputation-free survival (AFS) in the bypass group was 43.5
(£8.5) months and 39.8 (+£8.9) months in the angioplasty group.
AFS was significantly higher in the bypass group compared to the
angioplasty group (p=0.05) (Table 1). In addition, the AFS survival
survey showed that in the bypass group, the predicted survival

Possibility of PAD

Medical history, Risk factors of atherosclerosis,
Arterial pulse palpitation, Vascular bruit, ABI

'

Foot evaluation (WIfi classification) Toe pressure, SSP,TcPO2, CRP, WBC, Bacterial culture

| grade

W grade

Fi grade

Grade 3 with rest pain

W3 Fi2,3

Grade 2 with tissue loss

Deep infection evaluation

Deep infection evaluation

Diagnosis as CLI

Systemic evaluation

Vascular evaluation

Differential diagnosis of disease etiology

Cardiac function, coronary circulation

Anatomy of arterial lesions

Buerger’s disease

Cerebral and neck arteries

Hemodynamics (duplex)

Other vasculitis

Lung, kidney, liver function

Vein material evaluation

Collagen disease

Coagulation and fibrinolysis system

Limb function evaluation

Rare diseases involving popliteal artery

Status of lifestyle disease management

Daily activity

Other vascular disease

Puc. 1.
Fig. 1.
ischemia

[narHocTuyeckue atanbl ANS NALUEHTOB C GONMbIO B NOKOE UMW XPOHUYECKUMMU paHaMU CTOMbI
Diagnostic steps for patients with rest pain or chronic wounds of foot: PAD — peripheral arterial disease; CLI — critical limb
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Tabnuua 1
Hemorpadmyeckas u onucatenbHas cTaTMCTUKa O Bo3pacTe, 63 amnyTaLUOHHOI BbKMBAeMOCTH
1 00Lei BbIKMBaEMOCTH Py NaLMeHToB
Table 1
Demographic and descriptive statistics about age, amputation-free survival, and overall survival of patients groups
Variable Groups N Mean SD SEM
Age Angioplasty+stenting 259 73.95 7.22 1.07
Bypass 51 73.11 7.10 1.08
AFS Angioplasty+stenting 259 39.82 8.98 1.33
Bypass 51 43.44 8.57 1.30
0S Angioplasty+stenting 259 46.28 11.76 1.75
Bypass 51 49.67 10.68 1.62
Note: AFS — amputation-free survival; OS — overall survival: SD — standard deviation: SEM — standard error of mean.
Tabnuua 2
Knaccudpmkaumsa A.B. Mokposckoro
Table 2
A.V. Pokrovsky classification
Stage Symptoms
| Asymptomatic or pain in calf muscles (>1 km)
A Intermittent claudication (>200 meters)
1B Intermittent claudication (<200 meters)
1 Intermittent claudication, rest pain
1% Ulceration or gangrene

rate was 45.1+4.29 (42.87-47.95) months, and in the angioplas-
ty group was 41.1£7.27 (39.24-44.25) months, which showed a
significant difference between the two groups (p=0.05). Patients’
overall survival (OS) was 49.6+10.6 and 46.2+11.7 months in the
bypass and angioplasty groups, respectively. There was no signif-
icant difference between the groups (P=0.32) (Table 1). The OS
survey of patients indicated that the average predicted survival
in the bypass group was 54.1£6.7 months (51.13-58.09) and in
the angioplasty group was 52.2+2 months (48.3-56.1). Despite
>4 months difference, it was not statistically significant (p=0.3).

DISCUSSION

Choosing the best type of treatment for patients with lower limb
ischemia is still a question. According to the Bypass versus Angio-
plasty in Severe Ischemia of the Leg’s (BASIL’s) randomized con-
trolled trial (RCT), there was no significant difference between the
results of surgical bypass and angioplasty up to 2 years. However,
patients who lived >2 years benefited from bypass surgery. To the
best of our knowledge, BASIL's RCT is the only one that its results
are available in this regard [1]. Although BASIL 2, and BEST-CLI
studies are in progress, their results have not been released yet.
Therefore, considering that there is still no certainty about treat-
ment selection, the current study aimed to collect, analyze, and

report the results of both bypass and angioplasty patients with
lower limb ischemia. The main goal was to answer the question
of which method is better for below-the-knee lesions. Although
the definition of “better” is not easy, we chose AFS as the main
criterion, which is also the US Food and Drug Administration’s
criterion for such studies. The reason for not considering other cri-
teria such as vascular patency and arterial pressure in the ankle
(ankle pressure) was that we wanted to compare two therapeutic
strategies, not just comparing bypass and angioplasty techniques.
Morbidity was not evaluated in this study due to the controvert re-
sults reported in various studies pertaining to morbidity. For exam-
ple, an article published by Siracuse et al. indicated endovascular
procedures had been associated with lower 30-day mortality rate
and 3-year worse survival compared to surgical bypass [10]. In
another study by Tsai et al., no significant difference was reported
between these two methods regarding the 30-day mortality [11].
Moreover, studies often suggest that mortality and morbidity of
the endovascular method are reduced within short-term periods.
Thus, they are less indicative to determine the effectiveness of
these methods, especially in long-term periods [12, 13].

The examinations showed that all of the patients, who par-
ticipated in this study, had normal aortic, iliac, and femoral ves-
sels or had no significant lesions. To the best of our knowledge,
most of the previous studies analyzed the lesions under the groin
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of the PopA and lower leg arteries

area, while the current study for the first time compared these
two methods in lesions below the knee. AFS in the bypass group
was 43.51£8.5 and in the angioplasty group, it was 39.8+8.9
months, which showed a significant difference with p=0.05
(Table 1). In addition, OS in bypass patients was 49.6+10.6
months and 46.2+11.7 months in the angioplasty patients. There
was no significant difference between the two groups regarding
0S (p=0.32). Regarding the fact that the mean and frequency of

Occlusion of the PopA, crural arteries on the left: a— initial angiogram; b-d — after transluminal balloon angioplasty with stenting

demographic variables such as age and gender in the two groups
did not differ significantly. Thus, it cannot be hypothesized that
the patients in the bypass group had better physical status. In-
deed, the effects of the demographic factors were minimized.
Due to the increasing prevalence of diabetes, high blood pres-
sure, and tobacco consumption, limb ischemia appears to be one
of the major problems in health systems, both in developed and
developing countries.
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Currently, most studies emphasizing vascular reconstruction
for patients with severe lower limb ischemia are reporting very
good results. However, a significant percentage of these patients
undergo medical treatments. Although AFS was a clear and re-
levant measure in this study, it did not provide much information
about the quality of life of patients after vascular reconstruction. It
is quite acceptable that sometimes amputation in the early phase
of the disease improves the patient’'s quality of life, but on the
other hand, chronic pain, and wound care reduce the quality of
life of the patients. As a result, this issue should be taken into
attention by vascular surgeons and intervention specialists, to not
only consider vascular lesions in the treatment of these patients
but also patients’ needs and expectations.

Although bypass surgery using outflow vessels below the an-
kle should be considered the standard treatment in patients with
CLI due to infrapopliteal arterial disease [20], this requires a good
vein conduit and at least one open foot artery and is associated
with considerable perioperative mortality, postoperative complica-
tions, myocardial infarction, and early reoperation for graft throm-
bosis [21]. Recanalization temporarily increases blood flow to the
foot and has a positive effect in eradicating infection and healing
ulcers and surgical wounds. Because foot tissue healing reduces
oxygen demand, less blood flow is generally required to maintain
tissue integrity and keep the limb asymptomatic [19, 22].

CONCLUSION

The main finding of this study was that the surgical bypass pro-
cedure had a significantly higher AFS compared to angioplasty in
the two examined groups during the follow-up period. Therefore, it
is recommended for all patients with below-the-knee ischemic le-
sions to have surgical bypass procedures, except for patients with
multiple underlying diseases, who have a high-risk condition for
surgery, as well as for patients with veins not suitable for bypass.

AONONHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOPbI BHECIM CYLYECTBEHHbIN BKNag
B pa3paboTKy KOHLENLWM, NpoBefeHne UCCNeaoBaHUs 1 Noaro-
TOBKY CTaTbW, MPOYNM 1 0fobpunn drHanbHy BEPCUID Nepes
ny6nukaumen.

KoHtnukT uHTEpecoB. ABTOpbI AEKMapUpYOT OTCYTCTBUE
SIBHBIX W NOTEHLMAmbHbIX KOH(MMKTOB MHTEPECOB, CBA3AHHBIX C
nybnukaumen HacTosLen cTaTbi.

WUcTouHuk uHaHcMpoBaHus. ABTOpbI 3asBNstOT 06 OTCYTCT-
BMM BHELLHETO (PUHAHCUPOBAHMS MY NPOBEAEHNN UCCIIELOBaHNS.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
NoNy4Mnn NUCbMEHHOE cornacue nayyueHToB Ha nybnvkaumio me-
AULIMHCKUX AaHHbIX.
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