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INTRODUCTION
Since the first implantation of  an aortic stent graft 

by  Nikolay Volodos in  1987 when many specialists 
were skeptical about this method there has occurred 
a revolution in the attitude of the world medical community 
to endovascular aortic repair [1]. In the modern clinical 
practice endoprosthetic repair is considered as a generally 
accepted method of  treatment of  various-localization 
aortic pathology. In  reconstruction of  the descending 
thoracic aorta, endoprosthetic repair becomes a method 
of choice for many elective and majority of emergency 
cases [2]. In  pathology of  the aortic arch, the  «gold 
standard» remains traditional prosthetic repair using 
artificial circulation, which is associated with significant 
mortality and  stroke incidence, often being a  cause 
of  refusal in operative treatment [3–8]. Recent trends 
are toward increased interest in еndovascular and hybrid 
methods of  correction of  aneurysm of  the aortic arch 
and  is branches [9]. The  hybrid technique includes 

a combination of stent-graft implantation and surgical 
debranching. A  total endovascular approach envisages 
endobranching with the  use of  the method of  various-
modification parallel grafts («chimney», «periscope», 
«sandwich») or implantation of fenestrated or branched 
endografts. We present our experience with aortic 
arch endovascular repair using various techniques 
of endodebranching. 

PATIENTS AND METHODS
At the Department of Cardiovascular Surgery of the 

National Medical Research Center of Cardiology of the 
RF Ministry of Public Health, more than 170 operations 
of thoracic aorta endoprosthetic repair were performed. 
Of these, about 50 consisted in prosthetic repair of the 
aortic arch in its segments, performed using various types 
of aortic arch debranching. 

Selected for  the analysis  were 27 patients 
with various types of  endovascular debranching, 
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Objective. The study was aimed at assessing the in-hospital results of aortic arch endoprosthetic repair using 
different variants of endovascular supraaortic debranching. 
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endoprosthetic repair to various types of supraaortic endobranching, including the technique of parallel prostheses 
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to operation, peculiarities of the intervention (type of debranching and Ishimaru’s classification zones in which 
the reconstruction was performed) and in-hospital results of treatment. 

Results. The patients’ mean age amounted to 66 years. The main nosology (70%) was an aortic aneurysm. 
Nearly in 30% of cases, the operation was performed emergently for acute aortic syndrome. The main causes 
of refusal from the traditional prosthetic repair included chronic kidney disease (22.5%), chronic obstructive 
pulmonary disease (11%), acute cerebral ischaemia within the previous 6 months (15%). The technical success 
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according to Ishimaru (59 and 33%, respectively), in 2 (7%) patients prosthetic repair was performed in zone 
0. The total number of the aortic branches involved into reconstruction amounted to 45. Intervention-related 
complications included 3 (11%) cases of acute cerebral circulation impairment, 2 (7.4%) aortic branch occlusions, 
and 1 (3.7%) type II endoleak. The in-hospital and 30-day mortality rates amounted to 3.7 and 7.4%, respectively. 

Conclusions. Aortic arch endoprosthetic repair using supraaortic endobranching is considered to be an effective 
alternative method of  treatment for patients with various pathology of  the aortic arch and contraindications 
to traditional prosthetic repair involving artificial blood circulation. 
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including the  «chimney» parallel graft technique 
and  endoprosthetic aortic repair with a  fenestrated 
stent graft. All patients gave their written informed 
consent for participation in the study according to the 
Declaration of Helsinki. We analysed the preoperative 
clinical and  morphological status. All patients within 
the  framework of  preparation for  the operation 
underwent contrast-enhanced multislice computed 
tomography (MSCT). Based on the obtained findings 
we assessed the  aortic anatomy followed by  making 
a  decision as for  the zone of  proximal fixation of  the 
aortic graft and  the type of  supraaortic debranching. 
Besides, the  protocol of  preoperative examination 
included ultrasound Doppler scanning of  aortic arch 
branches for further intraoperative assessment of blood 
flow parameters in  dynamics after debranching. Also 
studied were intraoperative parameters (duration 
of  surgery, blood loss, etc.) and  in-hospital results 
of treatment such as incidence of various complications, 
length of hospital stay, etc. Efficacy of debranching was 
evaluated based on  the clinical picture, postoperative 
MSCT findings and in part of patients – also ultrasound 
duplex scanning (USDS) of aortic branches. 

RESULTS
The  patients’ mean age amounted to  66 years. 

The main nosology for which the patients were operated 
on was an aortic arch aneurysm. In one third of cases 
there was acute aortic syndrome. 11% of patients suffered 
from chronic obstructive pulmonary disease of severe or 
utterly severe course. One patient had end-stage chronic 
kidney disease requiring programmed haemodialysis. 
In 15%, a cause of refusal from open operative treatment 
with assisted circulation was a history of acute cerebral 
ischaemia (ACI) endured within the previous 6 months. 
Table 1 shows the  main characteristics of  patients 
included into analysis.

The   main  in t raopera t ive  parameters  a re 
shown in  Table 2. In  one third of  cases, operative 
intervention was performed emergently for acute aortic 
syndrome (acute rupture, aortic dissection and  in 1 
case multiple symptomatic penetrating ulcers with 
formation of  intramural haematomas of  the aortic 
arch). The technical success was achieved in all patients. 
The average duration of the intervention amounted to 226 
min, average blood loss – 355 ml. In 2 cases of  acute 
aortic rupture with moderate and large haemothorax with 
pulmonary collapse, the second stage on day 2 after aortic 
reconstruction we performed thoracotomy with sanitation 
of  the haematoma and  drainage of  the pleural cavity. 
Most often endoprosthetic repair was performed in zone 
1 according to Ishimaru classification in a combination 
with one or other type of debranching of the left common 
carotid and  left subclavian arteries [10]. The  spectrum 
of the methods of supraaortic debranching and prostheses 

used depending on the zone of proximal fixation of the 
aortic stent graft is shown in Table 3.

Depending on  the objective data and  ultrasound 
parameters of blood flow in the reconstruction-involved 
vessels (peak systolic and end-diastolic flow velocity, as 
well as type of blood flow based on the analysis of the 
envelope curve of the Doppler spectrum, some of these 
parameters are shown in Table 4) in 7 of 15 fenestrations 
additionally were implanted stent grafts with transition 
to the proximal segment of the respective supraaortic 
branch. It was caused by the presence of objective signs 
of  obstruction in  the proximal segment of  the vessel 
(the  appearance of  high difference in  blood pressure 
between the  left and  right arms, significant increase 
in blood velocity and negative change of the Doppler 

Table 1 
Clinical and functional profile of patients

Characteristic N=27
Age, years 66±16

Male/female gender 9 (33.3%)/18 (66.7%)

Body mass index, kg/m2 28±5

Aortic arch aneurysm 19 (70%)

Aortic dissection:
• type A  
• type B

1 (4%)
7 (26%)

Acute aortic syndrome (emergency 
operation)
• acute aortic rupture
• acute dissection

3 (11%)
5 (18,5%)

CAD 11 (41%)

Chronic obstructive pulmonary disease 3 (11%)

Chronic kidney disease:
• stage III–IV
• stage V 

5 (18,5%)
1 (4%)

ACI within previous 6 months 4 (15%)

A history of prior heart surgery 1 (4%)

Note: CAD – coronary artery disease; ACCI – acute cerebral ischaemia

Table 2 
Intraoperative parameters

Characteristic N=27
Emergency surgery 8 (30%)

Technical success 100%

Proximal zone according to Ishimaru:
• 0
• 1
• 2

2 (7,4%)
16 (59,3%)
9 (33,3%)

Surgery duration, min. 226±101

Blood loss, ml 355±265

Contrast volume, ml 200±86

Aortic endograft:
• Valiant
• Gore
• Alpha
• Ancura

3 (11%)
3 (11%)
8 (30%)
13 (48%)
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spectrum envelope shape) and in 8 cases the fenestra was 
not stented. In 3 (11%) cases revascularization of the 
left subclavian artery was not performed.

The main results and complications 
of  operative treatment are shown 
in Table 5.

The average length of stay in ICU 
and  average length of  postoperative 
in-hospital stay amounted to  1.2 
and  8.2 days, respectively. Analysing 
complications revealed 3 cases of ACI: 
1 extensive ischaemic stroke requiring 
transfer to  a  specialized hospital, an 
episode of transient loss of visual field 
and  ischaemic stroke in  the basin 
of  the right middle cerebral artery 
with the  development of  left-sided 
hemiparesis and anosognosia. 

As for  renal complications, there 
were no cases of  contrast-induced nephropathy. 
Probably, this is related to using intraoperative vascular 
navigation with low doses of the contrast media injected, 

Table 4 
Parameters of ultrasound Doppler scanning of vessels before and after implantation of a fenestrated endograft 

Target artery Without endoprosthetic repair (n=8) With endoprosthetic repair (n=7)

USDS before USDS after USDS before USDS after 

BCT (n=2) – – PSV 90 сm/s
Main blood flow 

PSV 87 cm/s
Main blood flow 

PSV 101 сm/s 
Main blood flow 

PSV 90 сm/s 
Main blood flow 

– –

Left CCA
(n=4)

PSV 98 сm/s 
Main blood flow 

PSV 107 сm/s 
Main blood flow 

– –

– – PSV 168 сm/s
Main blood flow 

PSV 134 сm/s
Main blood flow 

– – PSV 114 сm/s 
Main blood flow 

PSV 95 сm/s
Main blood flow 

– – PSV 62 сm/s 
Main blood flow 

PSV 63 сm/s 
Main blood flow 

Left SCA 
(n=9)

PSV 98 сm/s 
Main blood flow 

PSV 103 сm/s 
Main blood flow 

– –

PSV 103 сm/s
Main blood flow 

PSV 97 сm/s 
Main blood flow 

– –

– – PSV 120 сm/s 
Main blood flow 

PSV 150 сm/s
Main blood flow 

PSV 115 сm/s 
Main blood flow 

PSV 126 сm/s 
Main blood flow 

– –

– – PSV 218 сm/s 
Main blood flow 

PSV 127 сm/s 
Main blood flow 

PSV 119 сm/s 
Main blood flow 

PSV 139 сm/s 
Main blood flow 

– –

PSV 98 сm/s 
Main blood flow 

PSV 129 сm/s 
Main blood flow 

– –

PSV 98 сm/s 
Main blood flow 

PSV 129 сm/s 
Main blood flow 

– –

– – PSV 115 сm/s 
Main blood flow 

PSV 114 сm/s 
Main blood flow 

Note: USDS – ultrasound duplex scanning; BCT – brachiocephalic trunk; CCA – common carotid artery; SCA – subclavian artery. 

Table 3 
Varieties of aortic arch debranching performed  
(total number of shunted aortic branches = 45)

Characteristic Peripheral endograft N=45
«Chimney» of the left common carotid 
artery

Advanta (13), Lifestream (1), BeGraft 
(1)

15

«Chimney» of the left subclavian artery Advanta (3), Lifestream (1) 4

Fenestration in the area of the left 
common carotid artery ostium 

Lifestream (1), BeGraft (2), without 
endoprosthetic repair (1)

4

Fenestration in the area of the left 
subclavian artery ostium

Lifestream (1), BeGraft (2), without 
endoprosthetic repair (6)

9

Fenestration in the area of the 
brachiocephalic trunk ostium

Lifestream (1), without 
endoprosthetic repair (1)

2

Left carotid-to-subclavian artery bypass 
grafting 

Without endoprosthetic repair 11
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despite the  scope of  intervention and  the presence 
in  nearly a  quarter of  patients of  severe impairments 
of renal filtration function. 

Amongst complications, there was one type II 
endoleak diagnosed at MSCT prior to discharge, which 
completely regressed on  control examination after 3 
months. 

The in-hospital mortality rate (3.7%) was influenced 
by  a  case of  pneumonia with severe respiratory 
insufficiency in a patient with aortic rupture and total 
haemothorax. Yet another woman died of  massive 
ischaemic stroke at a neurological hospital. Hence, 30-
day mortality amounted to 7.4%. 

Patency of  the aortic branches involved into 
reconstruction, over the entire period of follow up (mean 
duration 2.2 years) amounted to  93%. In  the remote 
period there were 2 cases of  aortic branch occlusion: 
symptom-free closure of  the carotid-subclavian shunt 
detected on  MSCT 2 years after the  intervention 
and  left carotid artery chimney stent graft occlusion 
for which thromboectomy was performed, with a good 
angiographic and clinical effect. 

DISCUSSION
Despite active implementation of  endovascular 

techniques into clinical practice, the «golden standard» 
of treatment of patients with thoracic aorta pathology 
remains traditional surgical treatment using artificial 
circulation. Using surgical and perfusiological methods 
aimed at  protecting the  brain, decreasing blood loss 
and  preventing multiple organ insufficiency failure 
in  elective patients makes it  possible to  minimize 
the  incidence of  life-threatening complications 
and  perioperative mortality [11]. At  the same time, 
the  results of  surgical treatment for  acute aortic arch 
pathology have still been associated with a  relatively 
high level of  perioperative mortality [12]. Aortic 
arch endoprosthetic repair has advantages from 
the point of view of safety and often is the only method 
of treatment in patients of extremely high intraoperative 
risk of  traditional prosthetic repair of  the aortic arch 

in  the setting of  artificial circulation. A  large meta-
analysis including 1021 patients demonstrated that 
at this state of the art of surgery as a rule is performed 
endoprosthetic repair of aortic arch in its distal segments 
(zone 1–3). Researchers came to  recognize that 
in  intervention on  these zones endovascular methods 
of debranching are preferable whereas in prosthetic repair 
in  zone 0 more often preferred is  classical operation 
of  vascular switching [13]. Probably this is  related 
to  the results of  the same study having demonstrated 
clear-cut advantages for early mortality in patients with 
endobranching compared with shunting operations, 
who were subjected to endobranching in zones 1–3. Yet 
another finding during this meta-analysis was the fact 
that endobranching is more often performed in patients 
with aneurysms than dissections unlike traditional 
methods of  vascular switching similarly frequently 
used in dissection and aneurysms. The spectrum of our 
patients differs from these data: in  the overwhelming 
majority underwent endovascular debranching of  the 
left CCA and  subclavian artery and  the patients were 
more often operated on  for an aneurysm. Probably, 
low incidence of  endoprosthetic repair in  zone 0 was 
determined by unavailability of branched and fenestrated 
at  manufacture endografts, since all such devices are 
still at the stage of studies and not yet been widely used 
in clinical practice. 

Russian surgical practice also continues accumulating 
own experience with endoprosthetic repair of  various 
segments of aortic arch as a stage of hybrid interventions. 
Thus, S.A. Abugov and coauthors reported the results 
of  aortic endoprosthetic repair in  96 patients with 
a hospital mortality of 3.1%, and in 42 (43.8%) patients 
the  intervention was performed on  the aortic arch, 
however for  debranching the  authors used a  surgical 
approach [14]. We have found no reports of  clinical 
application of total endovascular debranching of aortic 
arch in the Russian literature. 

In   2019,  we  began to   apply  the   method 
of  endoprosthetic repair of  the aortic arch using 
a fenestrated stent graft with intraoperative formation 
of fenestrations. The fenestra is formed either on table 
after partial expansion of  the prosthesis followed 
by reverse loading into the system of delivery, or in situ 
with application of  a  special balloon catheter with 
a puncture needle (Fig. 1).

One of  the main moments in  prosthetic repair 
of  the aortic arch with fenestrated devices is  the 
problem of additional stenting or endoprosthetic repair 
of branches through the fenestra. There is an opinion 
that during cardiac cycle the proximal segment of the 
aorta possesses higher motility. With time it  by itself 
may lead to  dislocation of  the fenestra relative to  the 
ostium of  the vessel and  became a  cause of  endoleak 
and/or ischaemia, especially of aortic aneurysm when 

Table 5 
Immediate results and complications of surgical treatment 

Characteristic N=27
Number of days in ICU 1,2±0,6

Length of postoperative hospital stay (days) 8,2±4,5

Complications: 
• ACI
• In-hospital mortality 
• 30-day mortality
• CIN 
• Occlusion of aortic arch branch 
• Type II endoleak 

3 (11%)
1 (3,7%)
2 (7,4%)

0 
2 (7,4%)
1 (3,7%)

Note: ICU – intensive care unit; ACCI – acute cerebral ischaemia; AIS – acute isch-
aemic stroke; CIN – contrast-induced nephropathy. 
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the prosthesis is adhered to the native wall not all along 
the line but only at portions of distal and proximal neck. 
However, this theory supposes studying long-term 
prognoses and is not confirmed by pervious results [15]. 
Yet another cause of dislocation of the fenestra may be 
growth of an aneurysmal sac, induced by various types 
of  endoleaks, including remote ones [16]. According 
to the data of the previously mentioned meta-analysis 
additional stenting of  the fenestra on  the one hand 
decreases the risk of aneurismal growth, frequency of the 
development of  secondary endoleaks and  ischaemic 
complications and on the other, anchoring of the aortal 
stent graft in  distal segments of  the ascending aorta 
may be associated with higher risk of type A retrograde 
dissection [13]. Therefore, the  problem of  choosing 
between two approaches in endoprosthetic repair of the 
aortic arch with fenestrated devices remains disputable. 

In  our practice, during interventions in  zones 0 
and 1 we nearly always performed endoprosthetic repair 
of  the brachiocephalic trunk and  left carotid artery, 
excluding singular cases. As for fenestration in the area 
of the left subclavian artery, in case of the origin of the 
branch from the aneurysm endoprosthetic repair should 
always be performed. In other anatomical variants when 
the ostium originates from the aneurismal neck, as well 

as in  cases of  aortic dissection the  decision 
on  additional stenting of  the subclavian 
artery was made intraoperativley according 
to  the objective data, i.e. given the  picture 
of  selective angiography through the  fenestra 
the difference in arterial pressure on the arms, 
parameters of  ultrasound Doppler scanning 
of the subclavian artery. Fig. 2 shows a clinical 
example of  a  patient with an aortic isthmus 
aneurysm subjected to  endoprosthetic repair 
in zone 1 with fenestration below the carotid 
and subclavian arteries. Into the carotid artery 
was implanted a stent graft, and it was decide 
to abstain from stenting of the subclavian artery, 
since the  results of  USDS demonstrated no 
signs of significant circulatory impairment. 

It  should be mentioned that individual 
making of  fenestrated stent grafts based 
on MSCT data considerably increases their cost 
and terms of waiting for the device thus making 
impossible their use in  emergency situations. 
Operations with manual modification of  the 
endograft are considered to  be an off-label 
procedure and  may be performed either 
in emergency situations or within the framework 
of a research study by experts possessing large 
experience in  aortic endoprosthetic repair, 
and  the first interventions should obligatorily 
be performed with participation of  clinical 
specialists of  the stent graft manufacturing 
company. 

CONCLUSIONS
Aortic arch endoprosthetic repair using supraaortic 

endobranching is  an effective and  alternative method 
of treatment of patients with pathology of the thoracic 
artery who for  some reason cannot be candidates 
for traditional prosthetic repair using assisted circulation. 
In  accordance with the  obtained results, this method 
is  a  promising technique requiring further study 
and improvement. 

Conflict of interest: none declared. 

ЛИТЕРАТУРА/REFERENCES 
1.	 Clouse WD, Hallet JW Jr, Schaff HV, et al. Improved prognosis 

of  thoracic aortic aneurysms: a  population-based study. JAMA. 
1998; 280 (22): 1926–1929. doi: 10.1001/jama.280.22.1926

2.	 Matsumura JS, Melissano G, Cambria RP, et al. Five-year results 
of thoracic endovascular aortic repair with the Zenith TX2. J Vasc 
Surg. 2014; 60: 1–10. doi: 10.1016/j.jvs.2014.01.043

3.	 Cao P, De Rango P, Czerny M, et al. Systematic review of clini-
cal outcomes in  hybrid procedures for  aortic arch dissections 
and other arch diseases. J Thorac Cardiovasc Surg. 2012; 144: 6: 
1286–1300. doi: 10.1016/j.jtcvs.2012.06.013

4.	 Moulakakis KG, Mylonas SN, Markatis F, et al. A  system-

Fig. 1. Example of forming fenestrations: A – on table; B – in situ

Fig. 2. Example of aortic arch endoprosthetic repair using fenestrated stent graft 
in zone 1: A – Doppler parameters of blood flow in the left subclavian (above) 
and left carotid arteries (below) prior to endoprosthetic repair; B – intraoperative 
angiogram after endoprosthetic repair, with a  stent graft implanted into 
the fenestra of the left carotid artery, the fenestra of the left subclavian artery 
was not stented, C – Doppler parameters of blood flow in the left subclavian 
(above) and left carotid artery (below) after endoprosthetic repair. 



45

Imaev T.E., et al. Endovascular repair of the aortic arch 

atic review and meta-analysis of hybrid aortic arch replacement. 
Ann Cardiothorac Surg. 2015; 2 (3): 247–260. doi: 10.3978/j.
issn.2225–319X.2013.05.06

5.	 Mangialardi N, Ronchey S, Malaj A, et al. Value and limitations 
of chimney grafts to treat arch lesions. J. Cardiovasc. Surg. (To-
rino). 2015; 56 (4): 503–511.

6.	 Antoniou GA, Schiro A, Antoniou SA, et al. Chimney technique 
in the endovascular management of complex aortic disease. Vas-
cular. 2012; 20: 251–261. doi: 10.1258/vasc.2011.ra0056

7.	 Hogendoorn W, Schlösser FJ, Moll FL, et al. Thoracic endovas-
cular aortic repair with the chimney graft technique. J Vasc Surg. 
2013; 58: 502–511. doi: 10.1016/j.jvs.2013.03.043

8.	 Kurazumi H, Mikamo A, Kudo T, et al. Aortic arch surgery in oc-
togenarians: is it justified? Eur J Cardiothorac Surg. 2014; 46 (4): 
672–677. doi: 10.1093/ejcts/ezu056

9.	 Akchurin RS, Imaev TE, Komlev AE, Salichkin DV. Aortic arch 
debranсhing options in hybrid surgical interventions. Clin Physiol 
Circulation. 2016; 13 (2): 102–107. (In Russ.)

10.	 Mitchell RS, Ishimaru S, Ehrlich MP, et al. First International 
Summit on Thoracic Aortic Endografting: roundtable on thorac-
ic aortic dissection as an indication for endografting. J Endovasc 
Ther. 2002; 9 (Suppl. 2): 98–105.

11.	 Kozlov BN, Panfilov DS, Gorokhov AS, et al. Results of  radical 
reconstruction of  thoracic aortic aneurysms using hemi-arch 
technique. Rus J Cardiol Cardiovasc Surg. 2016; 9 (1): 42–46. 
(In Russ.) doi: 10.17116/kardio20169142–46

12.	 Belov YN, Gens AP, Stepanenko AB, et al. Surgical treatment 
of patients with acute aortic dissection. Angiol Vasc Surg. 2006; 
12 (1): 103–110. (In Russ.)

13.	 Andrási TB, Grossmann M, Danner BC, Schöndube FA. Supra-
aortic interventions for  endovascular exclusion of  the entire 
aortic arch. J Vasc Surg. 2017; 66: 1: 281–297. doi: 10.1016/j.
jvs.2017.04.024

14.	 Abugov SA, Polyakov RS, Charchyan ER, et al. Endovascular re-
pair in  hybrid and  staged aortic surgery. Rus J Cardiol Cardio-
vasc. Surg. 2018; 11 (6): 38–44. (In  Russ.). doi: 10.17116/kar-
dio20181106138

15.	 Tsilimparis N, Debus S, Kodolitsch Y, et al. Branched versus fe-
nestrated endografts for endovascular repair of aortic arch lesions. 
J Vasc Surg. 2016; 64 (3): 592–599. doi: 10.1016/j.jvs.2016.03.410

16.	 Lu Q, Feng J, Zhou J, et al. Endovascular repair by customized 
branched stent-graft: a  promising treatment for  chronic aortic 
dissection involving the arch branches. J Thorac Cardiovasc Surg. 
2015; 150: 1631–1638. doi: 10.1016/j.jtcvs.2015.08.032

Адрес для корреспонденции:
Саличкин Д.В.
Тел.: +7 (925) 374-28-80
E-mail: dmitrij-salichkin@yandex.ru

Correspondence to:
Salichkin D.V. 
Tel.: +7 (925) 374-28-80 
E-mail: dmitrij-salichkin@yandex.ru


	210x290_Angiologia_Covers-03-2020-narujnie-sm-01
	210x290_Angiologia_Covers-03-2021-vnutrennee-sm
	block_Angiologia-03-2021-sm
	210x290_Angiologia_Covers-03-2020-narujnie-sm-02



