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BAFS — bifurcation aortofemoral shunting 
FPS — femoropopliteal segment 
CFA — common femoral artery 
CIA — common iliac artery 
EIA — external iliac artery 
CDS — color duplex scanning 
EVC — endovascular correction 
ASA — American Society of Anesthesiologists 
SVS — Society of Vascular Surgeons 
UBE — one-piece bifurcation endografts 

The increase in life expectancy of people in the 20th century (population aging) has led to an increase in 
the pathology provoked by atherosclerosis. Simultaneous deterioration in the quality of life (unhealthy diet, 
sedentary lifestyle, smoking, etc.) exacerbated this trend [1–3]. 

Atherosclerosis affects the arteries of large and medium caliber, without affecting the venous bed. 
However, the venous vessels used in bypass operations are atherosclerotic even to a greater extent than the 
true arteries [4, 5]. This means that increased pressure and accelerated blood flow in the arteries are the initial 
factors leading to damage to the endothelium and triggering the process of atherogenesis. В наибольшей 
степени из-за турбулентности кровотока страдают места разветвлений в артериях и потому являются 
излюбленной локализацией атеросклеротической бляшки. It is also noteworthy that arteries with low 
blood flow, such as the internal thoracic and deep femoral arteries, are rarely affected by atherosclerosis, 
being, so to speak, reserve arteries [6, 7]. In conditions of arterial hypertension, the hemodynamic stress of 
the endothelium is much more significant than the state of a healthy organism. In addition, arterial 
hypertension, as well as smoking, causing spasm of the artery, provoke the rupture of an atherosclerotic 
plaque, followed by thrombosis of the vessel and necrosis of the corresponding organ or tissue [8]. Bypass 
operations (in particular, bifurcation aortofemoral shunting (BAFS)), developed in the 60s of the last century, 
made it possible, if not to prevent, then at least to delay adverse cardiovascular outcomes [9]. Simple in 
execution, they provide additional blood flow to the ischemic organ, without canceling the residual blood flow 
through the damaged vessel and sparing the compensatory collateral circulation developed by the body over 
the years [10]. Thanks to these properties, the BAFS operation has become the gold standard in the treatment 
of occlusions of the aortoiliac segment, having remained practically unchanged since its invention. [11–13]. 

Later, with the advent of new technological possibilities, an easier solution to the problem was proposed - 
recanalization of the affected arteries through endovascular balloon angioplasty and stenting [14–17]. The 
indisputable advantage of the new technique was its low invasiveness and, therefore, acceptability for patients 
with a high surgical risk (elderly, with concomitant diseases) [18]. 

Attempts to standardize the indications for X-ray endovascular interventions led to the creation of the 
Transatlantic International Consensus, in which "... the most detailed classification of the types of lesions of 
the arteries of the aortoiliac segment, as well as indications and contraindications for endovascular 
interventions — Inter-Society Consensus for the Management of Peripheral Arterial Disease 2007 (TASC II)» 
[19]. “Type A” reflects those lesions that respond best to endovascular treatment. In “type B”, the results of 
endovascular treatment are considered to be good, and therefore such interventions are preferable, while 
open reconstruction is indicated for other lesions in this zone. The long-term results of operations for type "C" 
lesions are better than the results of endovascular interventions, so the latter can only be used in high-risk 
patients. The outcomes of endovascular correction of “type D” lesion do not allow its use as a primary 
treatment” [19]. 

The latest, more generalized, recommendations of the European Society of Cardiology and the European 
Society of Vascular Surgeons (ESC/ESVS) for the diagnosis and treatment of peripheral arterial disease in 2017 
suggest revascularization of the aortoiliac segment as follows [20]. For short (less than 5 cm) isolated lesions 
of the iliac arteries, endovascular therapy is recommended (Class I Level of Evidence С). This is justified by the 
high long-term patency of more than 90% within 5 years and the low risk of complications [21]. In case of 
combined lesions of the iliac arteries and infrarenal aorta, both open and endovascular revascularization 
options are recommended (class IIa level of evidence В). At the same time, data are provided on one- and two-
year primary patency after endovascular correction (EVC), which is 87% and 82%, respectively [22]. In young 
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patients with low operative risk, aortofemoral bifurcation shunting is preferred, and in elderly patients with 
high operative risk and comorbidities, endovascular intervention is preferred. Endovascular therapy can be 
considered as a first-line strategy for aortoiliac occlusive lesions if it is performed by an experienced team of 
specialists and does not compromise subsequent surgical interventions [23–25].  

A similar tactic is reflected in the National guidelines for the diagnosis and treatment of diseases of the 
arteries of the lower extremities of cardiovascular surgeons in Russia of the Russian Society of Angiologists 
and Vascular Surgeons, the Russian Society of Surgeons and the Russian Cardiology Society "Russian 
Association of Endocrinologists" 2019 [26]. The low level of evidence for recommendations (B and C) is 
noteworthy. This is due to the fact that studies of the results of surgical treatment of patients with lesions of 
the aortoiliac segment are mostly small and non-randomized. More information is required on this topic to be 
able to draw more unambiguous conclusions. 

In practice, according to the world literature, there is also a diversity of opinions on the surgical tactics 
used. Despite this, certain fundamental points are recognized by most vascular surgeons. Thus, TASC II type 
A/III injuries are treated endovascularly [27, 28]. Initial therapy for TASC II type C lesions is also endovascular 
[27, 29]. For patients with complex lesions (TASC II type D), BAFS is the procedure of choice, showing the best 
long-term results [30, 31]. 

Primary patency with BAFS reaches 96.7% in 2 years compared to 80% with EVC [32]. That is, the need for 
re-intervention after EVC reaches 20% [32, 33].  

Analysis of a Japanese database over 2 years showed the frequency of restenoses after EVC 11.4%. At the 
same time, it turned out to be much higher in patients with concomitant lesions of the femoropopliteal 
segment (FPS) compared with those who had a small diameter stent (less than 8 mm). So in patients with 
these risk factors, restenoses occurred in 27.1% of cases, while in their absence - only in 5.5% [33]. 

According to other authors, primary patency with EVC was 88%, 70% and 70%, and secondary - 98%, 87% 
and 77% for 1, 3 and 5 years, respectively [34, 35].  

The relatively low patency rates after BAFS reported in some reports (primary 90.1% and 82.6% at 1 and 3 
years) are quite logical, given that currently only severe injuries undergo open surgery, and milder ones 
treated with endovascular methods [36].  

According to some data, there are more technical complications with BAFS than with EVC (14.8% and 4%, 
respectively) [37], according to others, on the contrary (11.1% with EVC and 3.3% with BAFS). These are 
bleeding (0.8%), infection of the prosthesis (1%), thrombosis of the prosthesis (0.8%), pseudoaneurysm of the 
anastomosis, damage to the ureter, inguinal complications (5.3%) [38]. 

However, after BAFS, there is also a high incidence of systemic complications: from 40 to 8.5% compared 
with 6.7% (and 3.6% according to other data) after EVC [38]. Among them: myocardial infarction (3.4%), 
pulmonary embolism, pneumonia, acute respiratory failure (2.6%), acute renal failure (2.6%), stroke, 
intestinal ischemia, spinal cord ischemia, sexual dysfunction, distal embolization (2.5%) [38]. 

Mortality in BAFS (2–2.9%) also exceeds that in EVC (1.8–0%) [38, 39]. Moreover, in case of need for 
repeated surgical intervention for complications of BAFS, it reaches 25% [40]. Thus, according to the results of 
the analysis of data from more than 400 patients who underwent BAFS over the recent 10 years, it turned out 
that 30-day mortality was 5%, annual - 11%, 5-year - almost 30%, complications were observed in 42% of 
patients (in 4% - cardiovascular ones), almost 20% needed a second operation (in 6% - limb amputation, in 7% 
- incisional hernia, in 5% - infected wound) [41].  

Therefore, patients at high surgical risk (with serious heart disease, recent myocardial infarction or stroke, 
end-stage chronic renal failure, multiple previous abdominal surgeries, retroperitoneal fibrosis, and 
horseshoe kidney) are recommended EVC [42]. At the same time, various scales have been proposed to assess 
operational risk, such as ASA (American Society of Anesthesiologists), SVS (Society of Vascular Surgeons), 
mFI-5 (takes into account concomitant diseases, general functional state of the body). The EVC option for 
complex lesions of the aortoiliac segment was not proposed by the 2007 TASC II recommendations, but is 
already allowed in the 2017 ESC/EOSH recommendations [43]. 

Also important is the fact of a shorter stay of the patient in the hospital (on average from 3 to 6 days) and 
in the intensive care unit (ICU) (0 days) after EVC compared with BAFS (from 7.76 to 9.9 days in the hospital 
and from 1.7 to 3.81 days in the ICU) [43]. Accordingly, the cost of hospitalization with EVC ($9,281) is much 
lower than with BAFS ($23,038) with a comparable cost of the procedures themselves ($2,316 and $1,173). 
Therefore, EVC is more economical procedure [43]. 
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In TASC II type C/D lesions, as a rule, balloon-expandable or self-expanding stents with or without coating 
are placed, endoluminally or subintimally; in case of bifurcation injuries, according to the “kissing”technique 
[44, 45]. 

There are no differences in systemic morbidity and mortality between bare-metal and coated stents [46]. 
The primary patency of bare-metal stents is less than that of covered stents (52.6 and 68.7% over 10 years), 
and the frequency of restenosis is correspondingly higher (17.4 and 11.5% over 5 years; 29.4 and 25.9% over 10 
years) [46]. According to other sources, the restenosis rate of bare-metal stents is 5.6% in the 1st year, 11.9% 
in the 2nd year, and 26.5% in the 3rd year. Covered stents show the best results in the case of moderate to 
severe calcification of the iliac vessels. Small caliber covered stents less than 8 mm also outperform other 
stents in primary patency.  

In stent grafts, the primary and secondary patency for 1 year is 92.3% and 100%, for 3 years — 83.9% and 
100%, for 5 years — 83.9% and 100%, respectively. According to other authors, it reaches values of 96.8% 
primary and 96.8% secondary patency in 2 years. In still others, the 5-year primary stent-graft patency was 
84.1%, while in the case of BAFS in the same center, the patency was at the level of 88.3% [47]. Mortality from 
these interventions is the same as for BAFS – 2.6%.  

Optimal results have been reported with VIABAHN (3-year primary patency of 94.9%) and Advanta stent 
grafts [48]. At the same time, implantation of the E-Luminnex stent was often (in 48% of cases) accompanied 
by restenoses. [49]. 

Primary and secondary patency of covered stents is at the level of 100% and 100%, respectively, for 1 year, 
90.6% and 95.7% respectively over 3 years [50]. 

In 2009, in order to overcome some of the anatomical and physiological shortcomings of “kissing” stents, 
the technique of covered endovascular reconstruction of the aortic bifurcation (CERAB) was introduced [51, 
52]. It is characterized by a more favorable geometry and better blood flow conditions compared to "kissing" 
stents. The short-term results of CERAB are approaching those of BAFS. CERAB can also be used in 
combination with chimney-graft to preserve the lateral branches of the aorta [52]. 

In aortoiliac occlusions, one-piece bifurcation endografts (UBE) are also placed, which have several 
advantages in terms of protecting the aortic bifurcation and preventing branch antagonism in the distal aorta. 
UBE protects against potentially fatal aortoiliac rupture in highly calcified lesions and permits possible future 
endovascular interventions [52–56]. 

In a certain category of patients, the optimal solution is aortoiliac endarterectomy. These are, firstly, 
patients with eccentric plaque morphology or small vessel caliber, who are more at risk of vessel rupture or 
distal embolization in EVC. Secondly, patients with local lesions of the aortic bifurcation [57, 58]. 

Thus, the task of the surgeon is to choose the most suitable for a particular patient from the whole range 
of proposed interventions for aortoiliac occlusive lesions in order to achieve the best result with minimal 
losses. However, the main trend in the choice of revascularization strategy is directed towards EVC, which is 
justified by the facts presented above.  

Next, we present two clinical examples demonstrating the efficacy and safety of EVC in elderly patients 
with a pronounced comorbid background and a high risk of complications after open surgery. 

Clinical example 1. 
Patient A., male, 65 years old. Five years ago, pain syndrome developed in the right calf muscle when 

walking at a distance of up to 500 meters. Subsequently, the "pain-free distance" was reduced to 100 meters. 
During additional examination, according to color duplex scanning (CDS), occlusion of the common iliac (CIA) and 
external iliac (EIA) arteries on the right is determined. Due to the presence of a pronounced comorbid background 
(repeated ischemic strokes in history, myocardial infarction in history, myocardial revascularization in history, 
diffuse atherosclerotic lesions of the coronary arteries, subcompensated type II diabetes mellitus), a 
multidisciplinary team (cardiovascular surgeon, endovascular surgeon, cardiologist, anesthesiologist-resuscitator , 
endocrinologist) made a decision to implement endovascular correction of the identified lesion. The patient was 
hospitalized at the National Medical Research Center named after V.A. Almazov for recanalization of EIA and CIA 
with stenting.  

Operation progress. After processing the surgical field under local anesthesia with 10.0 ml of 0.25% 
lidocaine solution, a puncture of the left common femoral artery (CFA) was performed. Contralateral introducer 
was installed. Angiography was performed: occlusion of the right EIA, CIA (Fig. 1А). Then recanalization of the CIA, 
EIA was performed. Balloon angioplasty of EIA, CIA was performed using a balloon catheter PTA Admiral 
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XtremeTM 70х80 mm of firm Medtronic. A stent was placed and implanted in the affected area of the CIA, the 
upper third of the CFA Boston Scientific 8х120 mm. A stent was inserted and implanted into the affected area of 
the middle third and lower third of the EIA Boston Scientific 10х30 mm (Fig. 1В). Postdilatation performed with a 
balloon catheter Medtronic Admiral Xtreme PTA 70х80 mm. Control angiography: no hemodynamically significant 
stenoses, no dissections or streaks of the contrast agent were found, the main blood flow was restored according 
to the EIA, CIA, the optimal angiographic result. The sheath from the left EFA is removed on a self-suturing system 
AngioSeal VIP. 

 

Fig. 1. Recanalization with stenting of the common and external iliac arteries of patient A. A — angiography before revascularization: 1 — the 
area of occlusion of the common and external iliac arteries (EIA) on the right; B — angiography after revascularization: 1 — implanted stents 
in the common and external iliac arteries, EIA 

The patient was discharged from the hospital on the 3rd day after the intervention in a satisfactory 
condition.  

Clinical example 2.  
Patient B., male, 72 years old. Ten years ago, pain appeared in the left calf muscle when walking at a 

distance of 500 meters. At the time of this hospitalization, the pain-free walking distance decreased to 150 
meters. From the anamnesis it is known that the patient has multiple insignificant stenoses of the coronary 
arteries, a month ago he underwent carotid endarterectomy on the right. According to the CDS data, 70% stenoses 
of the CIA and EIA were visualized on the left. Due to the presence of multifocal atherosclerosis with the risk of 
developing adverse cardiovascular events, as well as the age of the patient, a multidisciplinary team 
(cardiovascular surgeon, endovascular surgeon, cardiologist, anesthesiologist-resuscitator, neurologist) decided to 
implement endovascular correction of the identified lesion. The patient was hospitalized at the National Medical 
Research Center named after V.A. Almazov for angioplasty with stenting of the CIA and EIA on the left. 

Operation progress. Under local anesthesia with 0.1% lidocaine solution (10 ml), the left CFA was punctured 
in a retrograde direction, a conductor Radiofocus 0,035” was introduced, 6F introducer was installed. Angiography 
was performed: left CIA stenosis 80%, left CFA stenosis 70%. A self-expanding stent was introduced and implanted 
into the affected area in the CIA, EIA Protge EverFlex 8х120 mm. Postdilatation with a balloon catheter 
POWERFLEX PRO 7х80 mm. At the control angiography: the area of stenting without residual stenoses, without 
dissections, without extravasations. Restored the main blood flow through the CIA, EIA. 

The patient was discharged from the hospital on the 3rd day after the intervention in a satisfactory 
condition. 
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Fig. 2. Patient B: angioplasty with stenting of the external iliac artery and the common iliac artery on the left. A — angiography before 
revascularization: 1 — stenosis of the common iliac artery on the left; 2 — stenosis of the external iliac artery on the left; B — angiography 
after revascularization: 3 — implanted stent in the common iliac artery, external iliac artery on the left 

CONCLUSION 

The presented literature review and clinical examples demonstrate the safety and efficacy of endovascular 
technologies in the treatment of occlusive-stenotic lesions of the aortoiliac segment. The advantages of the 
method over open surgery are low trauma, no need for patient rehabilitation, the possibility of 
implementation in elderly patients with a pronounced comorbid background and multifocal atherosclerosis, 
no need for a long stay in a medical institution. Thus, interventional surgery can claim the status of the 
operation of choice for patients with atherosclerotic lesions of the aortoiliac segment. 
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