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Abstract
Peripheral artery diseases are a worldwide medical and social problem. Approximately 30 % of patients with critical limb 

ischemia will undergo amputations and 25 % will die after 1 year. These patients require reconstructive and angioplastic interven-
tions to preserve the limb. 

The aim of the study is to compare the effectiveness of different endovascular surgical technologies in patients with multi-
level steno-occlusive lesions of the infrarenal aortic arteries. 

Materials and methods. Among 243 endovascular interventions, 51 patients were presented with multilevel steno-occlu-
sive lesions of the infrarenal aortic arteries as a result of atherosclerosis obliterans. 42 patients (82.4 %) had two-level lesions and  
9 (17.6 %) had three-level lesions. 

Results. Among 42 patients with a two-level lesion, 29 (56.9 %) ones had femoral arterial segment affection in combination 
with tibial artery affection. 13 (25.5 %) patients suffered from the lesion of the iliac segment in combination with the affection of the 
femoral segment arteries. In 9 (17.6 %) patients the lesions of three or more levels were determined: an iliac segment in combination 
with femoral and popliteal arteries – in 4 patients, and in 2 patients there were lesions of the femoral, popliteal and tibial segments, 
in 3 patients there was a lesion of the iliac, femoral, popliteal and tibial-foot segments in different degrees of severity.

7 balloon angioplasties and 13 stenting procedures were performed in two and three-level lesions in which the iliac arterial 
segment was affected. Only balloon angioplasty was used to revascularize the infraingvinal arterial segments. In the early posto
perative period, the complications included thrombosis appeared in 6 patients. It was possible to restore the blood flow and save the 
limb only in 3 persons. For the other 3 ones, the attempts to restore the patency of the arteries were unsuccessful and resulted in 
the amputation of the lower extremity. Mortality in the early postoperative period was 3.9 % (2 death due to myocardial infarction).

Conclusions. The persons with multilevel steno-obstructive lesions of the infrarenal aortic arteries are the most difficult 
category of patients with CLI. The surgical method of choice for patients with multilevel steno-occlusive lesions is the endovascular 
angioplasty with or without stenting.
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1. Introduction
Peripheral artery diseases are a worldwide medical and social problem. Lower extremity pe-

ripheral artery disease ranks third place among atherosclerotic cardiovascular morbidity, right after 
coronary events and stroke [1]. For example, 202 million people were affected with peripheral artery 
diseases in 2010 [2]. The disease prevalence shows the range of 3 % to 10 %, increasing to 15 %  
to 20 % in people over 70 years old [3]. From 2000 to 2010 the number of these patients increased 
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by 28.7 % in low-income countries and by 13.1 % in high-income countries [4]. It depends on 
many factors: aging of the population as demographic trends, genetic and dietary disturbances, 
smoking, diabetes mellitus can lead to critical leg ischemia [5, 6]. It is strongly associated with 
concomitant coronary and cerebrovascular diseases. Male dominant over female in the prevalence 
of disease incidence. Unfortunately, it seems to be increasingly common in the future [4, 7]. The 
clinical signs and complications of peripheral artery diseases lead to severely reduced life quality. 
The 5-year mortality rate for these individuals is higher than those of ones with cardiovascular or 
cerebrovascular disease [8, 9]. From 1 % to 2 % of persons with atherosclerotic lesions of lower ex-
tremities suffer from critical limb ischemia (CLI) as the most severe form of the peripheral arterial  
disease [2, 10]. The main reason for difficult CLI is multilevel peripheral arterial lesions [11].  
Critical limb ischemia leads to leg ischemic rest pain including skin lesions as ulceration or gan-
grene [12, 13]. Approximately 30 % of them will undergo amputations and 25 % will die after  
1 year [14]. CLI is a surgical problem usually. It means the use of a variety of revascularization tech-
niques to increase distal blood flow and reduce the risk of amputation [2, 11]. These patients need 
reconstructive and angioplastic interventions to preserve the limb. The problem «Is the open surgi-
cal or endovascular therapy better for patients with CLI?» must be solved individually. But nowa
days mini-invasive endovascular interventions have the leading healing trend [15, 16]. Therefore, 
CLI is strongly associated with important morbidity, disablement, and mortality. It attracted public 
attention to find the best strategies for optimum treatment and disease prevention [2, 3]. Recent re-
searches reported about the improvement of the outcomes for patients with CLI [17]. This gives hope 
to improve the quality of life for such patients and reduce the mortality and amputation rate finally.

The aim of the study is to compare the effectiveness of different endovascular surgical 
technologies in patients with multilevel steno-obstructive lesions of the infrarenal aortic arteries. 

2. Materials and methods
This study was conducted at State Institution of Science «Research and Practical Center for 

Preventive and Clinical Medicine» Kyiv, Ukraine, from January 2014 to January 2021.
During this period 420 patients with confirmed occlusive-stenotic lesions of the infrarenal 

aortic arteries were admitted to our hospital. Of 420 patients, 243 (57.86 %) underwent endovas-
cular surgery. We analyzed endovascular surgery for multilevel combined steno-occlusive lesions 
of the arteries of the lower extremities. Among 243 persons, 51 (20.98 %) patients suffered from 
multilevel lesions. 42 patients (82.4 %) had two-level lesions and 9 (17.6 %) had three-level lesions. 
According to the Rutherford classification, patients were divided as follows: with category 4 –  
7 (13.7 %), with category 5 – 32 (62.8 %), category 6 was observed in 12 (23.5 %) ones [18, 19].

Before entering the patient in the study protocol, a written voluntary agreement to participate 
in this study was obtained in accordance with the WMA Declaration of Helsinki – Ethical Principles 
for Medical Research Involving Human Subjects. The study protocol was approved by the Local Ethics 
Committee (LEC) of the State Institution of Science «Research and Practical Center for Preventive and 
Clinical Medicine», protocol No. 24 dated 23.11.2013. All patients provided written informed consent.

All patients underwent standard diagnostic procedures using ultrasound of the arteries in 
the preoperative period.

The operative access and technique were standard in most cases. The endovascular ap-
proach was performed under local infiltrative anesthesia and intravenous sedation. Endovascular 
interventions in multilevel occlusive-stenotic lesions of the infrarenal aortic arteries were deter-
mined by anatomical conditions and the degree of CLI in each individual case.

Stages of the surgery. The puncture of the artery was performed according to Seldinger’s 
method and an introducer was implanted [20]. 

The implantation of the introducer was made under ultrasound navigation (even in distal 
retrograde access). It let minimize the numerous artery punctures, and thus reducing injuries of the 
artery walls, avoiding dissection and post-puncture hematomas. The heparin solution was injected 
through the introducer in a dose of 5000. The next step was to perform arteriography to deter-
mine the degree and length of stenotic-occlusive lesion of the artery and the anatomical conditions 
of revascularization. The 0.035 or 0.014 Guidewire was used to recanalize the occlusive-stenotic 
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segment of the lesion. The distal part of the Guidewire was positioned into the relatively passage 
artery. After inserting the Guidewire through the affected segment, control arteriography was per-
formed to determine the diameter and length of the balloon catheter for angioplasty. In half of the 
cases, the affected segment was predilated with a smaller diameter balloon to prevent dissection. 
Final angioplasty was performed with balloons comparable to the size of the artery for 3 minutes. 
Residual stenosis or signs of arterial wall dissection due to severe calcification was noted in 13 pa-
tients, so stents were implanted in this affected area.

After introducer removing, 90 % of patients underwent manual hemostasis (compres-
sion) of the puncture point for 3 minutes per 1 French (Fr). For example, if the introducer number  
was 5 Fr, the compression lasted 15 min. The compression roller was appliqued on the skin.  
In 10 % of patients (especially with obesity) the closing of the puncture area required a special 
closure device. After the intervention, patients continued to take clopidogrel 75 mg per day in com-
bination with 75 or 100 mg of aspirin daily for 6 months, followed by antiaggregant monotherapy.

For a better understanding, we illustrate a clinical case of endovascular surgical treatment 
of multi-level steno-occlusive lesions of the left femoral-popliteal-tibial arterial segment using the 
cross-over technique (because of the stenotic lesion in the proximal part of the superficial femoral 
artery) in a patient who previously underwent stenting of the superficial femoral artery (Fig. 1).

Fig. 1. Conducting a Guidewire with a catheter according to the cross-over type method  
due to stenosis in the proximal part of the superficial femoral artery on the left:  

a – Catheter angiography of the left iliac segment; b – Catheter angiography of the left femoral 
segments; c – Catheter angiography of the left popliteal and tibial segments; d – Percutaneous  

in-stent balloon angioplasty result after catheter balloon angioplasty in the proximal part  
of the superficial femoral artery; e – Percutaneous balloon angioplasty result  

in the popliteal artery and the trifurcation area (peroneal artery)

3. Results
Among the 42 patients with a two-level lesion, 29 (56.9 %) ones had femoral arterial seg-

ment affection in combination with tibial artery affection. In this case, ipsilateral access was used 
in 19 patients (including 4 distal retrograde access). And in 10 patients the surgical access was 
used contralateral, due to the proximal level of damage of the superficial femoral artery. It makes 
impossible the position of the introducer.

In 13 (25.5 %) patients the iliac segment lesion in combination with the atherosclerotic affection 
of the femoral segment arteries was discovered. In this case, 7 patients underwent contralateral access.  
Brachial access was used on 2 patients due to bilateral lesions of the iliac segments. In 4 patients 
we performed endovascular intervention only on the single floor (on the segment of inflow arteries).

In 9 (17.6 %) patients the lesions of three or more levels were determined. Among them –  
an iliac segment in combination with femoral and popliteal arteries – in 4 patients (in 2 cases 
contralateral access was used, two more patients underwent ipsilateral access in combination with 
contralateral puncture access), in 2 individuals femoral, popliteal and tibial lesions of arteries were 
noted (access ipsilateral), in 3 patients there were lesions of the iliac, femoral, popliteal, and tibial- 

ё          
                a                                    b                                  c                                       d                                     e
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foot segments in different degrees of severity (ipsilateral access in combination with contralateral 
puncture was used).

7 balloon angioplasties and 13 stenting procedures were performed in two and three-level 
lesions in which the iliac arterial segment was affected. Only balloon angioplasty was used to re-
vascularize the infranguinal arterial segments.

In some cases, with multi-level combined lesions of the iliac and infrainguinal arterial 
segments, we performed an endovascular intervention on only one floor (on the segment of the  
inflow arteries). In the case of the clinical improvement, regression of ischemic manifestations on 
the limb, we did not perform the second stage of endovascular intervention. If the ischemic symp-
toms persisted or the regression of ischemia was too slow after discharge of the patient from the 
hospital, the second operative intervention was revascularization in an endovascular or open way. 

In the early postoperative period, the complications included thrombosis appeared in 6 patients.  
It was possible to restore the blood flow and save the limb only in 3 persons. For the other 3 ones 
the attempts to restore the patency of the arteries were unsuccessful and resulted in the amputation 
of the lower extremity.

Mortality in the early postoperative period was 3.9 % (2 patients died due to myocardial 
infarction).

4. Discussion
Nowadays there is a lot of unresolved issues and challenges in the treatment of CLI with 

multilevel obliteration as a significant medical problem. The long total obliterated segments of the 
arteries tend to have multiple and multilevel lesions. In this case, the surgeon is more likely to use 
alternative access and advanced re-entry techniques [8, 12]. 

Thus, the final aim of revascularization must be an overall decline in amputation rates in 
patients with CLI. But we have to take into account the world trend that the population continues to 
age, and diabetes mellitus looks like a worldwide epidemic. These factors increase the number of 
patients with CLI. Of course, they suffer from many comorbidities limiting their ability to tolerate 
long-time interventions. From this point of view, the use of endovascular interventions is more 
advantageous. The next question about the advantages or disadvantages of open surgical bypass 
over endovascular balloon interventions is still open. The same is right for discussion about the 
preferred approach to treat total occlusions – contralateral or ipsilateral on the lower extremities, 
antegrade, retrograde, or dual accesses (for example, tibial retrograde and ipsilateral), preferred 
crossing device, etc. Recent researchers reported that the surgical approaches for CLI depend on 
the different technics (open or mini-invasive) accepted in various medical centers. It is impossible 
to believe, but single studies still report about absence of endovascular procedures for CLI [10, 12]. 
But the bigger part of the authors supports the percutaneous transluminal balloon angioplasty with 
optional bailout stenting for below-the-knee arterial lesions [14, 19]. 

According to our results, we widely use endovascular interventions in more than half (57.86 %) 
of patients with multilevel steno-occlusive lesions of the infrarenal aortic arteries. Every fourth in-
vestigated person in our research suffered from multilevel lesions as a result of CLI. All our patients 
underwent balloon angioplasty including 13 stenting procedures for the iliac arterial segment. We 
are deeply convinced, it is better to start revascularization from the endovascular approach. Our 
opinion supports the fact of the low number of amputations (3 or 6 %) and mortality rate – 3.9 %. 
Of course, the precise surgical approach must be chosen individually. 

Study limitations. The study included all patients older than 40 years old with the diagnosis 
of CLI from January 2014 to January 2021. The diagnosis of CLI confirmed through ultrasound 
investigation and clinical picture.

The further research plan includes the study of different types of modern endovascular 
procedures on arteries depends on multilevel steno-occlusive lesions of the infrarenal aortic arteries.

5. Conclusions
Thus, the persons with multilevel steno-occlusive lesions of the infrarenal aortic arteries are 

the most difficult category of patients with CLI. 
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It can be explained with disturbed anatomical conditions, difficult ischemic manifestations in 
the affected arterial segments, various comorbidities and a high level of complications and mortality.

These patients require simultaneous restoration of blood flow in the arteries of inflow and 
outflow in different segments with different techniques depends on individual anatomical features 
of the arteries to determine the optimal puncture access.

The surgical method of choice for patients with multilevel steno-occlusive lesions of the 
infrarenal aortic arteries is the endovascular angioplasty with or without stenting.
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