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BACKGROUND 

The diseases of peripheral arteries are widespread 

worldwide and affect 113 mln people aged from 

40  years and older, of which 42.6% live in the 

countries with low and medium social-demographic 

index [1]. The occurrence rate for the diseases of 

peripheral arteries has increased by 72% during the 

period from 1990 until 2019, taking into consideration 

the 45% overall population growth [2, 3]. The 

five-year cumulative rate of clinical worsening from 

the asymptomatic disease of peripheral arteries to 

the intermittent claudication is 7%, while from the 

intermittent claudication to critical ischemia in the lower 

limbs — 21% [4]. As of today, in the whole world, every 

year approximately 25  000  high amputations of the 

limbs are carried out for the reason of critical ischemia 

in the lower limbs, which significantly decreases the 

life duration in this cohort of patients  [5]: the overall 

mortality level is reaching 15% in 1 year, 24% in 2 years 

and 43% in 5  years [6]. According to the data from 

multiple authors, critical ischemia of the lower limbs 

is associated with the development of cardio-vascular 

events, including the period of 30  days after  

re-vascularisation [7–9]. It is undeniable that the 
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BACKGROUND: In the majority of patients with critical ischemia in the lower limbs, the findings include 
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used as the first line therapy with comparable direct and remote results. 
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ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ

main method for treating the patients with critical 

ischemia in the lower limbs is the re-vascularisation of 

the lower limbs [10]. In the majority of such patients,  

a “multi-level” atherosclerotic lesion is found in 

the arteries of the femoral-popliteal-tibiofibular 

segment [11], which is why the issue of selecting 

the reconstructive interventions as of today remains 

topical and discussible. 

Research aim — to analyze the 12-years experience 

of performing the initial tibiofibular autovenous 

bypass surgeries in patients with critical ischemia in 

the lower limbs at the premises of the Federal State 

Budgetary Institution “Federal Clinical Center of High 

Medical Technologies” under the Russian Federal  

Medical-Biological Agency (FSBI FCC HMT under the 

Russian FMBA) and to evaluate their efficiency. 
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Аннотация
Обоснование. У большинства пациентов с критической ишемией нижних конечностей выявляется 
«многоэтажное» атеросклеротическое поражение артерий бедренно-подколенно-берцового сег-
мента. Оптимальный метод реваскуляризации у данной когорты пациентов на сегодняшний день 
не определён. Цель — оценить эффективность выполнения первичного аутовенозного берцово-
го шунтирования при поражении артерий бедренно-подколенно-берцового сегмента у пациен-
тов с критической ишемией нижних конечностей. Методы. Проанализированы результаты пер-
вичных берцовых аутовенозных шунтирований, выполненных 112 пациентам в ФГБУ ФКЦ ВМТ 
ФМБА России в период с 2010 по 2021 год, из них 25 (22,3%) человек имели III стадию хрони-
ческой артериальной недостаточности нижних конечностей, 87 (77,7%) — IV стадию по класси-
фикации Фонтейна–Покровского. Распределение по атеросклеротическому поражению артерий  
нижних конечностей с учётом классификации TASC II было следующим: тип C — у 9 (8,0%), тип D — 
у 103 (92,0%). Результаты. В течение 30-дневного срока у 4 (3,6%) пациентов были выявлены не-
благоприятные сердечно-сосудистые события, в 3 (2,7%) случаях выполнена ранняя высокая ампу-
тация. Периоперационная смертность — 2,7% (n=3). Через 1, 3 и 5 лет первичная проходимость 
берцовых аутовенозных шунтирований составила 91%, 76% и 67%, в то время как вторичная про-
ходимость — 93%, 80% и 71%; показатель сохранения конечности — 98%, 86% и 81,5%; общая 
выживаемость пациентов — 88,5%, 81% и 70% соответственно. Заключение. Первичные берцо-
вые аутовенозные шунтирования являются эффективным и безопасным методом хирургическо-
го лечения атеросклеротического поражения артерий бедренно-подколенно-берцового сегмента 
у пациентов с критической ишемией нижних конечностей. Открытые хирургические операции в эру 
эндоваскулярной хирургии могут быть использованы в качестве первой линии терапии с сопоста-
вимыми непосредственными и отдалёнными результатами. 
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METHODS
Research design
Single-center non-randomized retrospective 

observational research.

Conformity criteria 
Inclusion criteria: the presence of critical ischemia 

in the lower limbs (resting pain or trophic defects in the 

shin and in the foot); “multi-level” atherosclerotic lesion 

in the femoral-popliteal-tibiofibular arterial segment; 

absence of previously conducted surgeries in the 

ipsilateral limb; the presence of the greater saphenous 

vein applicable for bypassing. 

Non-inclusion criteria: intermittent claudication of 

the lower limbs; isolated lesions in the shin arteries; 

absence of at least one passable tibial artery for 

shaping the distal anastomosis; the presence of a vast 

trophic defect in the zone of formation of the planned 

anastomosis. 

Research facilities 
The examination was carried out at the Vascular 

Surgery Department of the Center for Cardio-Vascular 

and Endovascular Surgery of the FSBI FCC HMT under 

the Russian FMBA.

Research Duration 
The research work was carried out for 12  years 

(during the period from January 2010 until  

December 2021).

Medical procedure description 
During the pre-operative period, all the patients 

underwent the procedures of measuring the 

ankle-brachial index, the stratification by the scale of 

the severity of morphological damage in the tissues of 

the foot, the perfusion of the lower limbs, the severity of 

the infectious process (Wound, Ischemia, foot Infection, 

Wifi, 2014) with further staging the clinical risk of high 

amputation, as well as the ultrasound examination of the 

arteries and veins (for the evaluation of the possibilities 

of using the greater saphenous vein as the conduit) and 

the contrasted visualization of arteries (angiography /

multispiral computed tomography of vessels, MSCT-AG)  

of the lower limbs. Further procedures included the 

modification of risk factors, prescribing or correcting the 

antihypertensive therapy, the insulin therapy, the intake 

of statins, of antiaggregants and the anticoagulants. 

All the surgical interventions were carried out under 

the endotracheal anesthesia. In 100% of the cases, 

the proximal anastomosis with autovenous bypass 

was formed from the common femoral artery, while 

for the bypassing artery, any other passable artery 

with better outflow was used. The vast majority of 

surgeries was carried out using the in situ method, but 

also the compound and reversed autoveins were used 

as the conduit (the characteristics of all the tibiofibular 

autovenous bypass surgeries are provided in table 1). 

Statistical analysis
The statistical analysis and data processing were 

carried out using the Statistica v.10.0 software by 

StatSoft Inc. (USA) using the parametric (t-Student’s 

test) and the nonparametric (Kaplan–Meier survival 

analysis) methods. The statistical significance was set 

as p <0.05.

RESULTS
Research sample (participants) 
A total of 112 initial tibiofibular autovenous bypass 

surgeries were performed in 94 (83.9%) male patients 

and 18 (16.1%) female patients. The mean age of the 
patients was 66.3±9.1 years (ranging from 44 to 90 years). 

Stage III chronic arterial insufficiency of the lower 

limbs acc. to the classification by Fountain–Pokrovsky 

was diagnosed in 25 (22.3%) patients, stage IV —  

in 87 (77.7%). The mean value of the ankle-brachial 

index before surgical intervention was 0.15±0.08. 

The stratification of the patients using the Wifi scale 

(2014) with staging the clinical risk of high amputation 

is provided in table 2. The distribution of patients 

by the atherosclerotic lesion in the arteries of the 

Table 1

Types of tibiofibular bypass surgeries

Type of bypassing 
Autovenous conduit, n (%)

in situ reversed compound 

Femoral-anterior tibial 22 (19.6) 2 (1.8) 0 (0.0)

Femoral-fibular 34 (30.3) 7 (6.3) 2 (1.8)

Femoral-posterior tibial 34 (30.3) 3 (2.7) 3 (2.7)

Femoral-tibioperoneal 5 (4.5) 0 (0.0) 0 (0.0)
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lower limbs acc. to the TASC II classification was the 

following: type C was diagnosed in 9 (8.0%) individuals, 

type D — in 103 (92.0%). All the patients enrolled into 

the research had a number of concomitant diseases 

and past surgical interventions (table 3). 

The main research outcome

Within the framework of this scientific research,  

we have tracked and analyzed the direct (30-days) and 

the remote (5-years) results of tibiofibular autovenous 

bypass surgeries. 

In 7 (5.9%) cases of initially selected 119 patients 

for bypass surgeries, the decision was to carry out 

the hybrid intervention due to the technical failure 

(conversion). These patients were excluded from the 

further analysis. The mean value of the ankle-brachial 

index after the surgical intervention was 0.94±0.16. 

Within the period of 30 days, 4 (3.6%) operated patients 

were diagnosed with unfavorable cardio-vascular 

events (three acute myocardial infarctions and a single 

acute cerebrovascular accident) and in 3 (2.7%) cases, 

the early high amputation was done. The perioperative 

mortality was 2.7% (3 patient), the reasons of which 

became the abovementioned acute myocardial 

infarctions (2; 1.8%) and an acute cerebrovascular 

accident (1; 0.9%). Local complications in the 

area of the postoperative wounds were detected  

in 11 (9.8%) patients.

The remote results included the primary and the 

secondary passability, the limb survival and the overall 

survival. The primary passability of the tibiofibular 

autovenous bypasses was 91%, 76% and 67% 

in 1,  3  and 5 years (p <0.05), while the secondary 

passability of the bypasses — 93%, 80% and 71%, 

Table 3

Comorbid disorders in patients with critical ischemia of the lower limbs

Disorders n (%)

Arterial hypertension 105 (93.8)

Ischemic heart disease 60 (53.6)

Re-vascularisation of the myocardium 18 (16.1)

Atrial fibrillation 13 (11.6)

Past acute cerebrovascular accident 18 (16.1)

Carotid re-vascularisation 14 (12.5)

Diabetes 31 (27.7)

Chronic kidney disease stage III–V 18 (16.1)

Chronic obstructive pulmonary disease 10 (8.9)

Re-vascularisation of the contralateral limb 26 (23.2)

Table 2

Stratification of patients using the Wifi scale with determining the clinical risk stage for high amputation

Clinical stage Wifi scale range of values n (%)

II (low risk)
0-2-0 5 (4.4)

25 (22.3)
0-3-0 20 (17.9)

III (medium risk)

1-2-0 6 (5.4)

70 (62.5)

1-2-1 8 (7.1)

1-3-0 19 (17.0)

1-3-1 28 (25.0)

2-2-0 9 (8.0)

IV (high risk)

2-2-2 2 (1.7)

17 (15.2)

2-3-1 3 (2.7)

2-3-2 3 (2.7)

3-3-0 3 (2.7)

3-3-1 3 (2.7)

3-3-2 3 (2.7)
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respectively (p <0.05) (Fig. 1, 2). The value of the limb 

survival parameter among the patients was 98%, 86% 

and 81.5% in 1, 3 and 5 years (p <0.05) (Fig. 3), the 

overall survival of the patients — 88.5%, 81% and 70%, 

respectively (p <0.05) (Fig. 4).

DISCUSSION

During the last 10 years, various international and 

Russian scientific communities have issued more than 

20 consensus documents, related to the problems of 

treating critical ischemia in patients with atherosclerotic 

lesions in the arteries of the lower limbs. The 

successfully conducted arterial reconstructive surgery 

not only saves the limb and improves the quality of life, 

but also saves the life of the patient. 

The optimal tactics of surgical treatment for the 

patients with critical ischemia in the lower limbs 

in cases of multi-level extensive lesions in the 

arteries of the lower limbs still remains a topic of 

multiple research works, including the international 

randomized multi-center ones (BEST-CLI, BASIL-2) 

[12, 13]. In recent years, the rates of conducting the 

endovascular interventions as the strategy of first-line 

re-vascularisation has significantly increased [14, 15]. 

Despite this tendency, the results of our research 

present the convincing data in favor of using the tactics 

of “bypass first” for the lesions of the arteries in the 

femoral-popliteal-tibiofibular segment in patients with 

critical ischemia of the lower limbs. The evaluation of 

the significance of the strategy for re-vascularisation of 

the lower limbs in such patients is carried out, generally, 

by the direct (perioperative) and remote results of 

reconstructive interventions. In case of the presence of 

a number of technical possibilities (greater saphenous 

vein applicable for bypass, passable tibial artery for the 

formation of the distal anastomosis, absence of vast 

Fig. 1. Remote results: primary passability. Fig. 2. Remote results: secondary passability.
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trophic defects in the zone of the planned anastomosis 
formation in the shin) practically in all the patients after 
the femoral-tibiofibular autovenous bypass surgery 
we managed to achieve the positive result in the early 
follow-up period. 

The perioperative complications in our research 
have demonstrated the minimal values for 30-days 
mortality (2.7%), for high amputation (2.7%) and for the 
unfavorable cardio-vascular events (3.6%). These data 
are comparable to the ones from the global research 
works and indicate the high safety of the femoral-
tibiofibular bypass surgeries in patients with critical 
ischemia of the lower limbs. Thus, in the BEST-CLI 
research [12], in the cohort of patients with the greater 
saphenous vein applicable for bypass, between the 
groups of the open-access and the endovascular 
treatment, no significant differences were demonstrated 
in 30 days regarding the rates of the main unfavorable 
cardio-vascular events (4.6% and 3.2%, respectively) 
and the perioperative mortality (1.7% and 1.3%, 
respectively). In the well-known Finnvasc register, the 
30-days mortality was 3.1%, while the 30-days high 
amputation rate was 6.3% [16].

High levels of the rate of limb survival and of the 
overall survival, which were analyzed in our research 
in the remote period, also correspond to the worldwide 
research data published in the last several years. 
Thus, in the BASIL-2 research, the limb survival rate 
in the group of autovenous bypass surgeries was 
80% in 5 years, however, it is worth keeping in mind 
that more than half of the patients have deceased 
within this period after the randomization [13]. Among 
38  470  patients with critical ischemia of the lower 
limbs, which underwent the infrainguinal bypassing 
or endovascular interventions, the evaluation of the  
30-days survival rate was 98%, while the 2- and 5-years 
survival rate — 81% and 69%, respectively [17].

CONCLUSION
The initial tibiofibular autovenous bypass operation 

(the bypass first surgery) is an effective and safe 
method of surgical treatment for atherosclerotic lesions 
in the arteries of the femoral-popliteal-tibiofibular 
segment in patients with critical ischemia of the lower 
limbs. In the era of endovascular surgery, open-access 
surgeries can be used as the first line operations with 
the comparable direct and remote results. 
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