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INTERVENTIONAL CARDIOLOGY

Abbreviations
PCI – percutaneous coronary intervention

UFH – unfractionated heparin

STEMI – ST-segment elevation myocardial 

infarction

NSTEMI – non-ST-segment elevation 

myocardial infarction

CHD – coronary heart disease

CA – coronary artery

ACS – acute coronary syndrome

APTT – activated partial thromboplastin time

Purpose of the study. To compare the 

immediate and long-term results of 

percutaneous coronary interventions in patients 

with stable coronary heart disease during 

bivalirudin and heparin infusions depending on 

the type of vascular access.

Background. It is currently proved that the 

bivalirudin instead of unfractionated heparin 

(UFH) during primary PCI reduces the number of 

hemorrhagic complications. At the same time, 

there is no conclusive evidence of bivali rudin 

clinical advantage over UFH during elective PCI.

Materials and methods. 127 patients with 

chronic CHD who underwent elective PCI were 

enrolled. The patients were simply randomized 

into two arms: Bivalirudin + Transfemoral 

access arm (n = 65) – the anticoagulant 

bivalirudin was used during intervention 

performed via transfemoral access and Heparin 

+ Transradial access arm (n = 62). The arms 

were compatible in terms of clinical 

demographical parameters and risk factors for 

hemorrhagic complications (Mehran Score 

14 ± 7 versus 13 ± 6, р = 0.451). The endpoints 

were: death, myocardial infarction, repeat 

myocardial revascularization, bleeding events 

during hospitalization and total number of 

adverse cardiovascular events during 

hospitalization and 1 year after randomization.

Results. The immediate (in-hospital) and 

long-term (up to 1 year) results were compared 

by both the number of deaths, myocardial 

infarctions, repeated myocardial revasculari-

zations and hemorrhagic events, and the total 

number of adverse cardiovascular events.

Conclusions. The immediate and long-

term results of elective PCI performed via 

transradial access during anticoagulant support 

with unfractionated heparin and PCI performed 

via transfemoral access during bivalirudin 

therapy are comparable both in the number of 

postoperative hemorrhagic complications, and 

the number of adverse cardiovascular events.

Introduction
Optimal anticoagulant therapy associated 

with PCI is still being searched. Possessing 

a whole spectrum of modern antithrombotic 

drugs, one should remember about the risk of 

* Address for correspondence:

Maksim Alekseevich Sinkov

Scientific Research Institute for Complex Issues 

of Cardiovascular Diseases

6, Sosnovy blvd., Kemerovo, 650002

Phone: +7-904-370-98-33

E�mail : fox2you@mail.ru

The article was received on March 18, 2015.

Accepted for publication on  April 22, 2015.

The Results of Elective Percutaneous Coronary 
Interventions during Bivalirudin or Heparin Infusions 
Depending on the Type of Vascular Access

М.А. Sinkov*, А. А. Shilov, V.I. Ganyukov 

Federal State Budget Scientific Institution (FGBNU) Scientific Research Institute for Complex Issues 

of Cardiovascular Diseases, Kemerovo, Russia

The presented article evaluates the PCI results in patients with stable coronary heart disease during bivalirudin 

and heparin infusions depending on the type of vascular access. The following results were obtained: the 

immediate and long-term results of elective PCI performed via transradial access using anticoagulant support 

with unfractionated heparin and PCI performed via transfemoral access during bivalirudin therapy are 

comparable in terms of the number of postoperative hemorrhagic complications and the number of adverse 

cardiovascular events.

Клю че вые сло ва: bivalirudin, chronic coronary heart disease, hemorrhagic complications, transradial 

access, transfemoral access, long-term results.
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hemorrhagic complications, which usually 

elevates proportionally to antithrombotic effect 

of the drug (1).

It is currently proved that the hemorrhagic 

complications related to PCI are an independent 

predictor of adverse cardiovascular events, 

such as deaths and repeated myocardial 

infarctions (2). Therefore, it is especially difficult 

to find a balanced solution between the best 

antithrombotic background for PCI and risk of 

hemorrhagic complications in patients highly 

prone to cardiovascular complications including 

patients older than 75 years, female sex, 

diabetes mellitus, impaired renal function, prior 

anemia and reduced left ventricle ejection 

fraction (3). Thus, the main objective of up-to-

date PCI medicinal support is a decrease in 

both thrombotic complications and bleedings.

Possible ways to reduce the number of 

hemorrhagic complications are use of an 

antithrombotic agent rapidly inactivated in the 

body and selection of a safe vascular access. 

Currently, a direct thrombin inhibitor - bivalirudin 

which is characterized with a very short half-life 

is a possible alternative to UFH (4). The clinical 

efficacy of bivalirudin is still not entirely clear. 

Thus, the randomized study HORIZINES-AMI 

showed that bivalirudin in patients with STEMI 

was safer in terms of hemorrhagic complications 

compared to UFH with a simultaneous significant 

reduction in the number of deaths (5, 6). 

However, controversial results were obtained 

from more recent studies. In HEAT-PPCI study, 

bivalirudin results were worse compared to 

unfractionated heparin therapy in terms of 

prevention of total mortality, cerebrovascular 

accidents, repeated myocardial infarctions, or 

non-elective revascularizations, with an equal 

incidence of bleeding (7). In contrast, the 

EUROMAX study demonstrated a bivalirudin-

related significant decrease in the incidence of 

the composite endpoint compared with heparin 

treatment (both unfractionated heparin and 

enoxaparin), mainly due decreased incidence 

of massive bleedings (8), which resulted in 

reduction of the class recommendations for 

bivalirudin use from class I to class IIa for STEMI 

patients in 2014 (9, 10).

While there is some positive trend in reduction 

of adverse cardiovascular events when bivali-

rudin is used in STEMI patients, there is still 

no reliable evidence for NSTEMI patients or 

patients with stable CHD. The few studies which 

evaluated the results of elective PCI with bivali-

rudin (REPLACE-2 (11), ISAR-REACT-3 (12) 

and ARMYDA-BIVALVE (13)) included not only 

stable patients but a cohort of patients in whom 

endovascular intervention was performed for 

NSTEMI. In this context, the modern European 

guidelines for PCI in patients with chronic CHD 

and NSTEMI specify the bivalirudin use as IIa 

class recommendations (10).

Another approach to reduce the risk of 

hemorrhagic complications is selecting a safe 

vascular access for PCI. As the RIVAL study 

showed, the transradial access in patients with 

acute coronary syndrome (ACS) not only 

decreases hemorrhagic complications from the 

access site, but also reduces mortality; hence, 

the transradial access in ACS patients is 

assigned to the class IIa recommendations 

(14, 15). Although, to date there is no evidence 

regarding safety benefit of transradial access 

over transfemoral one in patients with chronic 

CHD.

Thus, currently there are two clinically effec-

tive approaches to reduce the number of ACS-

related bleeding complications: use of bivali-

rudin or transradial access. However, efficacy 

of presented approaches to reduce hemorrhagic 

complications and their comparative benefits 

in patients with stable CHD remain an open 

question.

Purpose of the study
To compare the immediate and long-term 

results of percutaneous coronary interventions 

in patients with stable coronary heart disease 

during bivalirudin and heparin infusions 

depending on the type of vascular access.

Materials and methods
127 CHD patients with exertional angina, 

functional class II–IV, who underwent elective 

PCI were enrolled in this prospective randomized 

study.

The inclusion criteria were: men and women 

aged up to 75 years with CHD and FC II–IV 

exertional angina according to the classification 

of the Canadian Cardiovascular Society (16), 

with stenosis of the target CA >50% and 

a diameter from 2.5 mm. The confirmation of 

hemodynamic significance of stenosis 50–69% 

using the stress test was mandatory. The exclu-

sion criteria were: acute coronary syndrome, 

history of coronary artery bypass grafting or 

thrombosis of previously implanted stents, 

chronic total occlusion of coronary artery and 

hemodynamically significant stenoses of the 

left main coronary artery or the impossibility 

of prescription and long-term administration 

of clopidogrel and aspirin.
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Depending on anticoagulant support 

(bivalirudin or heparin) and vascular access 

(transradial or transfemoral), the patients were 

simply randomized into two arms: Bivalirudin + 

Transfemoral access arm (n = 65) – the 

anticoagulant bivalirudin was used during 

intervention performed via transfemoral access 

and Heparin + Transradial access arm (n = 62) – 

the anticoagulant unfractionated heparin and 

transradial access were used.

PCI medicinal support: The loading dose of 

clopidogrel 600 mg was administered 12 hours 

prior to intervention and 75 mg in the morning 

on the day of intervention.

Bivalirudin regimen was as follows: 0.75 mg/

kg bolus before intervention, and then at a dose 

of 1.75 mg/kg/h throughout the intervention.

The drug administration was stopped immedia-

tely after PCI.

During PCI unfractionated heparin was 

administered at a dose of 100 U/kg and further, 

if necessary, heparin doses of 2500 Units 

were additionally injected to achieve APTT = 

300–350 sec.

After stent implantation, all patients received 

dual antiplatelet therapy for 1–6 months depen-

ding on the type of implanted stent.

Immediate interventional results were eva-

lua ted during the patient's stay in the clinic 

since PCI until discharge.

The long-term results were evaluated 

12  months after performed PCI via telephone.

The following parameters were analyzed: 

immediate interventional success (residual CA 

stenosis at the implantation site <10% with TIMI 

III antegrade flow and no adverse cardiovascular 

events), the immediate (in-hospital) and long-

term results of PCI (all deaths, MIs, strokes, 

repeat revascularizations of the target artery), 

hemorrhagic events according to the BARC 

classification (17) during the follow-up.

The risk of hemorrhagic complications was 

assessed before PCI in all patients using Mehran 

score (17).

Hemostasis: When PCI was performed via 

transradial access, the sheath was removed 

immediately after the intervention. The hemo-

stasis was achieved using TRBand (Terumo) or 

compression bandage. When transfemoral 

access was used, the sheath was removed 

2–4 hours after completion of bivalirudin 

infusion and in case of heparin therapy — when 

APTT was <150 sec. To achieve hemostasis, 

the artery was pressured with fingers or 

FemoStop device, then compression bandage 

was applied for 8 hours with strict bed rest for 

24 hours.

The study results were processed using the 

software package Statistica for Windows 6.0 

(StatSoft Inc., USA). The discrete variables 

were presented as median, the continuous 

variables – as mean ± standard deviation. To 

evaluate the qualitative and quantitative 

variables, χ2 test and Student’s test were used, 

respectively. The differences were considered 

statistically significant at p < 0.05.

Results
When the study arms were compared, no 

significant differences in the primary clinical 

and demographic characteristics or risk factors 

of bleeding were observed (Table 1).

The patients in both groups had pred omi-

nantly single-vessel coronary disease (Bivali-

rudin + Transfemoral access arm – 55.4%, 

Heparin + Transradial access arm – 51.6%; 

p = 0.804), mean SYNTAX scores were 19.4 ± 6.8 

and 20.2 ± 6.1, respectively, p = 0.541. The 

drug-eluting stents were predominantly 

implanted in more than 75% of patients in both 

arms. For bifurcation stenting (21.5% of patients 

in the Bivalirudin + Transfemoral access arm 

and 25.8% in the Heparin + Transradial access 

arm (p = 0.905)), single stent techniques, such 

as provisional T-stenting were preferred (70% 

of cases of bifurcation interventions). Angi-

ographic characteristics of patients enrolled 

in the study are presented in Table 2.

Table 1. Primary characteristics of the enrolled patients

  Bivalirudin +  Heparin +  
                                          

Parameter
 Transfemoral Transradial   

р
  access arm access arm  
  (n = 65) (n = 62) 

 Mean age, years 60.7 ± 6.5 58.9 ± 7.1 0.199

 Smokers, abs. (%) 52 (82.3 %) 59 (95.2%) 0.271

 Arterial hypertension, abs. (%) 60 (97.1%) 58 (93.5%) 1.000

 Type 2 diabetes mellitus, abs. (%) 10 (15.3%) 9 (14.5%) 0.967

 Females, abs. (%) 35 (53.8 %) 28 (43.1 %) 0.897

 Grade >2 obesity, abs. (%) 8 (12.3 %) 6 (9.7 %) 0.365

 Risk of hemorrhagic complications according to Mehran Score 14 ± 7 13 ± 6 0.451
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The immediate interventional success was 

achieved in 98.4% (n = 64) of patients from the 

Bivalirudin + Transfemoral access arm and 

100% (n = 62) of patients from the Heparin + 

Transradial access arm (p = 1.00). In one patient 

from the Bivalirudin + Transfemoral access arm 

during elective bifurcation stenting of the left 

anterior descending artery intraoperative 

myocardial infarction occurred due to occlusion 

of the diagonal artery. Totally, two cases (1.6%) 

of stent thrombosis were reported in both arms, 

one thrombosis was caused by the coronary 

artery dissection; the cause of second 

thrombosis was not identified.

During the in-hospital period, there were no 

such serious cardiovascular events as death and 

stroke. The total number of adverse 

cardiovascular events was 9.2% in the 

Bivalirudin + Transfemoral access arm and 

6.4% in the Heparin + Transradial access arm 

(p = 0.675) (Table 3).

Hemorrhagic complications were reported 

in 4.6% (n = 3) of patients from the Bivalirudin + 

Transfemoral access arm and 3.2% (n = 2) of 

patients from the Heparin + Transradial access 

arm (p = 0.899). Mostly, they were subcutaneous 

hematomas (>5 cm in diameter) and bleedings 

from the arterial puncture site. All complications 

were BARC type 1 or 2. One pulsatile hematoma 

at the femoral artery puncture site was observed 

in the Heparin + Transradial access arm on Day 

2 after PCI. The hematoma cavity was throm-

bosed on Days 3–4 with conservative treatment.

Based on the 12-month follow-up results, 

the total numbers of adverse events in both 

arms are comparable: 15.3% (n = 10) in the 

Bivalirudin + Transfemoral access arm and 

11.3% (n = 8) in the Heparin + Transradial 

access arm, p = 0.677. The highest incidence of 

the adverse events was observed for repeated 

revascularization of the target vessel and 

relapsed myocardial infarction (Table 4).

Table 2. Angiographic characteristics of the patients

  Bivalirudin +  Heparin +  
                           

Parameter
 Transfemoral Transradial   

р
  access arm access arm  
  (n = 65) (n = 62) 

 Bifurcation stenting, abs. (%) 14 (21.5%) 16 (25.8%) 0.905

 SYNTAX Score 19.4 ± 6.8 20.2 ± 6.1 0.541

 Average number of stents per patient 1.15 1.2 –

 Mean stent length, mm 21.6 ± 7.5 22.4 ± 7.5 0.599

 Mean stent diameter, mm 3.3 ± 0.5 3.2 ± 0.5 0.306

 Drug-eluting stents 54 (83.1%) 48 (77.5%) 0.334

Table 3. In-hospital PCI results in chronic CHD patients with bivalirudin or heparin therapy

  Bivalirudin +  Heparin +  
                           

Parameter
 Transfemoral Transradial   

р
  access arm access arm  
  (n = 65) (n = 62) 

 Non-fatal MI, abs. (%) 2 (3.1%) 1 (1.6%) 0.899

 Stroke, abs. (%) – – –

 Death, abs. (%) – – –

 Repeated target vessel revascularization, abs. (%) 1 (1.5%) 1 (1.6%) 0.998

 Hemorrhagic complications (BARC type 1–2 3 (4.6%) 2 (3.2%) 0.899
 bleeding or subcutaneous hematoma >5 cm)

 Total number of adverse cardiovascular events, abs. (%) 6 (9.2%) 4 (6.4%) 0.675

Table 4. Long-term PCI results in chronic CHD patients with bivalirudin or heparin therapy

  Bivalirudin +  Heparin +  
                           

Parameter
 Transfemoral Transradial   

р
  access arm access arm  
  (n = 65) (n = 62)  

 Non-fatal MI, abs. (%) 5 (7.7%) 4 (6.5%) 0.656

 Stroke, abs. (%) – – –

 Death, abs. (%) – 1 (1.6%) 0.946

 Repeated target vessel revascularization, abs. (%) 5 (7.7%) 3 (4.8%) 0.785

 Total number of adverse cardiovascular events, abs. (%) 10 (15.3%) 8 (11.3%) 0.677
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Discussion
As the conducted study demonstrated, the 

immediate and long-term results of PCI in 

patients with chronic CHD were comparable 

between the bivalirudin and transradial access 

arms. The number of hemorrhagic complications 

in the bivalirudin and transfemoral access arm 

was comparable with the UFH and transradial 

access arm. It may be assumed that transradial 

access prevents the PCI-related hemorrhagic 

complications as effectively as the medicinal 

support with bivalirudin. This assumption is 

confirmed by the fact that, according to the 

literature data, more than 50% of hemorrhage 

events after endovascular interventions occur 

from the vascular access site (18).

As the HORIZINES-AMI study showed, the 

use of bivalirudin during primary PCI in STEMI 

patients may be accompanied with the increased 

number of stent thromboses on Day 1 after 

intervention (4). The reason is that bivalirudin 

inactivation in the body occurs before the 

loading dose of clopidogrel inhibits sufficiently 

the platelet function. The increase in the number 

of thrombotic complications on the first day 

after intervention was not documented in this 

study. One stent thrombosis (1.6%) caused by 

the coronary dissection was observed in the 

bivalirudin arm. This is likely related to the fact 

that all patients received a loading dose of 

clopidogrel at least 12 hours before stenting, 

and by the time of intervention the drug fully 

exerted its antiplatelet activity.

Thus, the use of bivalirudin in CHD patients 

during elective PCI is accompanied by a low 

number of adverse cardiovascular events. As 

the conducted study demonstrated, bivalirudin 

showed no advantages over transradial access 

in terms of reducing the number of hemorrhagic 

complications.

Conclusions
The immediate and long-term results of 

elective PCI performed via transradial access 

during anticoagulant support with unfractionated 

heparin and PCI performed via transfemoral 

access during bivalirudin therapy are 

comparable both in the number of postoperative 

hemorrhagic complications and adverse 

cardiovascular events.
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Aortic valve operations are mostly performed 

in patients with calcified aortic stenosis. Surgical 

replacement is a method of choice with strictly 

defined indications (1) and low post-operative 

mortality (2). But surgical risk may be high in 

some patients, especially in senile and patients 

with severe comorbidities, and sometimes 

surgery is absolutely contraindicated (3, 4). 

Another option of treatment for high-risk patients 

appeared after introduction of transcatheter 

valve intervention (TAVI) (5). This procedure 

holds a firm place in the treatment of 

atherosclerotic aortic valve disease. 

Nowadays many surgeons prefer trans-

femoral approach. But in cases when femoral 

arteries are small or diseased, another access 

route can be used – trans-apical (Edwards 

Sapient XT valve), trans-aortic, or subclavian 

(CoreValve). Unfortunately, in some cases none 

of these approaches are available. In our 

opinion, minimally invasive retroperitoneal 

approach can be an alternative route to iliac 

arteries. There are no literature references 

about use of this route for TAVI. 

The main retroperitoneal surgical access 

to aorta was described by C. Rob in 1961. 

It implies incision made from costal margin 

downward and medially with dissection of 

oblique muscles (6, 7) (Fig. 1) Disadvantage of 
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Original Minimally Invasive Retroperitoneal 
Approach for Transcatheter Aortic Valve 
Implantation

I.V. Isaeva, E.E. Kovaleva*, E.A. Savelov, I.S. Arabadzhyan,  V.A. Kryukov, D.G. Iosseliani  

Moscow City Center of Interventional Cardiology, Moscow, Russia

Recently, transcatheter aortic valve implantation (TAVI) became a routine clinical practice for the treatment of 

severe aortic stenosis in non-operable patients or in patients at high risk for “open” surgery. At present, many 

surgeons performing TACI prefer transfemoral approach because of its minimal invasiveness. However in about 

one third of patients with calcified or small femoral arteries, it is necessary to use other, alternative approaches – 

trans apical, transaortic or subclavian – each of them having its indications and contraindications. Meanwhile 

in some cases it is impossible to use anyone of these approaches. The search of solution for this problem led us 

to the performance of TAVI through a new minimally invasive retroperitoneal approach to the iliac arteries.

Key words: aortic stenosis, transcatheter aortic valve implantation, retroperitoneal approach.

Fig. 1. Retroperitoneal access to terminal abdominal aorta. 
I – according to Rob (1963): A – scheme of incision; B – 
external and internal oblique muscles are dissected, 
transverse muscle is divided, rectal muscle partially 
dissected; C – aorta, its bifurcation  and common iliac 
arteries are exposed;
II – modified retroperitoneal access to supra- and subrenal 
abdominal aorta.

II

A

B

C

I
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this access is eventual injury of vessels, nerves 

and muscle structures, leading to neuralgias, 

trophic disorders and disorders of innervation. 

According to Honig M. et al., anterior abdominal 

wall relaxation occurs in 23%, pain syndrome in 

37% (8). 

Search for optimal and less traumatic 

surgical manipulations led to development of 

minimally invasive methods. They emerged as 

an alternative to traditional aortofemoral 

reconstructive operations performed via wide 

trans- or retroperitoneal access (9, 10, 11). 

Minimal access surgery (MAS) in infrarenal 

aortic reconstruction are used in Russia since 

2001, nevertheless only few articles are 

dedicated to this problem (12, 13).

We present the first case of transcatheter 

aortic valve implantation (CoreValve, Medtronic) 

in a patient with critical aortic stenosis and high 

surgical risk via innovative retroperitoneal 

minimally invasive access. Standard access 

routes in this patients are unavailable. 

A 77 years old female patient was admitted to 

Moscow City Center of Interventional Cardiology with 

dyspnea on moderate exertion. 

She has arterial hypertension since 2005, maximal 

BP 170/100. Her usual BP after receiving medical 

treatment is 120/80 mm Hg. She notes exertion 

dyspnea for about 2 years. Echocardiography 

performed in spring 2004, revealed severe aortic 

stenosis. No history of previous rheumatism or 

tonsillitis was reported. At the admission to the 

Center the patient underwent complete examination, 

including coronary angiography that showed mild 

Fig. 2. Angiogram of the left coronary artery (LCA). 

Fig. 3. Angiogram of the right coronary artery (RCA).

Fig. 4. Angiogram of the iliac and the femoral arteries. 

Fig. 5. Transthoracic echocardiography (before TAVI). 
Continuous wave Doppler echocardiography, apical 
position. Systolic pressure gradient measurement. Peak 
pressure gradient is 91 mm Hg, mean pressure gradient 
is 55 mm Hg. 
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diffuse disease with no hemodinamically significant 

lesions, SYNTAX score =0 (Fig. 2–4). 

Echocardiography showed dilated left atrium 

(LA area 19 cm2, anteroposterior dimension 35 mm) 

and symmetric left ventricular hypertrophy. Left 

ventricular function was satisfactory with LVEF 75%, 

end-diastolic size (from parasternal position) 4.3 cm, 

end-systolic size (from parasternal position) 2.4 cm, 

end-diastolic volume 83 cm3, end-systolic volume 

20 cm3. The diastolic thickness of the interventricular 

septum was 13 mm (up to 18 mm in basal part), 

posterior wall diastolic thickness was 13 mm. 

Ascending aorta diameter was 36 mm, sinotubular 

junction diameter 25 mm, sinus diameter 31 mm, 

aortic annulus diameter 20–21 mm, right ventricular 

outflow tract diameter 18 mm, sinus height 16 mm, 

aortic valve leaflets were calcified. Doppler echo-

cardiography showed second degree of aortic 

regurgitation, aortic jet velocity 4.8 m/sec, peak 

systolic gradient 92 mm Hg, mean systolic gradient 

55 mm Hg, aortic valve area 0.54 cm2. Mitral valve 

presented with  discordant leaflets movement, mean 

diastolic gradient 0.9 mm Hg and mild regurgitation. 

Mean pulmonary artery pressure 37 mm Hg (Fig. 5).

Contrast-enhanced multispiral CT confirmed 

atherosclerotic disease of thoracic and abdominal 

aorta and total calcification of aortic valve. Aortic 

annulus diameter 19 × 25 mm, sinus diameter 31 × 

32 mm, sinotubular junction diameter 29 mm, sinus 

height 15.6 mm, left ventricular outflow tract diameter 

Fig. 6. Multispiral CT. A – 3D-reconstruction, VRT.  Aortic valve annulus, axial view. Marked calcification of the leaflets; 
В – atherosclerotic disease of the thoracic and the abdominal aorta.

A B

Fig. 7. Multispiral CT of the pelvic arteries. А – 3D-reconstruction of the left iliac and the femoral arteries; В – 3D-reconstruction 
of the right iliac and the femoral arteries.

A B
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29 mm, aortic angle 38°, LCA ostium height 15 mm, 

RCA ostium height 13 mm. Right subclavian artery 

was 6.2 mm, with C-shaped tortuosity of the proximal 

segment. The aortic arch and the descending aorta 

were calcified. Infrarenal aorta diameter 13.4 × 14.7 

mm. Right common iliac artery 7.4 × 8.3 mm, left  

common iliac artery 7.0 × 7.3 mm. Right external iliac 

artery 6.3 × 7.1 mm, left external iliac artery 5.3 × 5.5 

mm. Right superficial femoral artery 6.8 × 8.9 mm, 

left superficial femoral artery 6.2 × 6.6 mm (Fig. 6–7).

Electrocardiography showed sinus rhythm with 

HR of 72 beats per minute and signs of left ventricular 

hypertrophy. 

24-hours ECG  monitoring showed sinus rhythm 

with HR of 48–136 beats per minute (mean, 71 bpm). 

Ventricular (2770) and supraventricular (81) extra-

systoles were seen. No ST deviation was marked. 

Her blood count revealed decreased level of 

hemoglobin (104 g/l) 

Taking into consideration severe aortic stenosis, 

severe comorbidities, high risk of surgery (Euroscore 

23%), the heart team, consisting of endovascular 

surgeon, cardiac surgeon, cardiologist and anesthe-

sio logist, decided to perform transcatheter implan-

tation of CoreValve valve. Required device size was 

estimated as 26 mm. 

Since patient had marked calcification of aorta, 

and the diameters of iliac and subclavian arteries 

were less than 6.5 mm (compared to 18 Fr CoreValve 

delivery catheter), transfemoral, subclavian and 

transaortic routes were considered unavailable. 

Transapical route is unavailable for CoreValve too. 

Thus, a decision was made to perform TAVI via 

retroperitoneal minimally invasive route. 

Procedure 

Retrograde catheterization of the aorta and 

antegrade catheterization of the inferior vena cava 

were performed under local anesthesia, 7Fr and 6 Fr 

sheaths, respectively, were inserted. Temporary 

pacing electrode was introduced into the right 

ventricle. 

Surgical access to terminal aorta and common 

iliac artery (CIA). Oblique incision 10–12 cm long 

was made from the costal margin to the point 2 cm 

under the umbilicus. The aponeuroses of the external 

oblique, the internal oblique and the transverse 

muscles, as well as the transverse fascia were 

dissected. The peritoneum was shifted medially to 

gain exposure of terminal aorta and CIA. Aortic and 

iliac artery walls were soft with some solitary 

calcification sites. A 8 mm Gore-Tex explant was 

implanted into the terminal aorta. A18 Fr introducer 

was inserted into the explant and fixed. (Fig. 8)

Two pigtail catheters were introduced into the 

non-coronary sinus and the left ventricle via the left 

transfemoral route using Ingwire guidewires and 

pressure gradient was measured. Peak pressure 

gradient was estimated as 70 mm Hg. Balloon 

catheter Nucleus 20/40 mm was introduced and 

balloon dilatation was performed during pacing at 

180 bpm and carotid artery compression with 

simultaneous aortography (Fig. 9). Hemodynamics 

were stable. A 26 mm Corevalve was introduced and 

positioned using Amplatz Super Stiff guidewire. 

Aorography was performed and valve was implanted 

(Fig. 10). Hemodynamics remained stable. Control 

angiography showed excellent results with perfect 

positioning of the valve, no paravalvular regurgitation 

and good visualization of the coronary arteries. Mean 

pressure gradient decreased to 8 mm Hg. 

Transesophageal echocardiography showed 

mini mal aortic regurgitation and satisfactory 

function of prosthesis. Peak pressure gradient was 

11.4 mm Hg. No signs of hydropericardium were 

seen (Fig. 11–12). 

Fig. 8. 18 Fr introducer fixed in the right common iliac 
artery. 

Fig. 9. Aortic balloon valvuloplasty by Nucleus 20/40 mm 
and simultaneous aortography.
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Delivery catheter was withdrawn and explant was 

ligated and cut off. The pulses on the iliac arteries 

were good. Surgical wound was closed with 

intracutaneous suture. Procedure duration was 94 

minutes, the exposure duration was 17 minutes and 

300 ml of contrast medium were used.

Clinical diagnosis. Acquired valvular disease. 

Severe calcified aortic stenosis. Heart failure stage 1, 

NYHA class II. Arterial hypertension stage 2. Trans-

catheter implantation of CoreValve prosthesis 

27.10.2014. 

Concurrent diagnosis. Discirculatory ence-

phalo pathy 2 grade. Chronic iron-deficiency anemia.

Thus, transcatheter aortic valve implantation 

via retroperitoneal route appears to be safe and 

feasible. The main advantage of this access 

route consists in decreased aggressiveness of 

the operation and good exposure of the aorta 

and the common iliac arteries. The use of this 

method allowed to extend indications for TAVI 

and can be an option when no other surgical 

access is available. 
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pressure gradient is 11.4 mm Hg. 
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operationally). Continuous wave Doppler echocardiography. 
The prosthesis is seen. Aortic regurgitation is minimal. 
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The study objective is: to analyze the 

immediate and long-term graft stenting results 

in patients with post-CABG angina using the 

proposed algorithm.

Background. Currently, the venous graft 

interventions amount to 5–10% of all PCIs. 

However, to date, there is no clear algorithm for 

endovascular treatment of patients with post-

CABG angina.

Methods. The study included 88 patients 

who underwent graft stenting according to the 

study algorithm. The elderly males were pre-

dominant (95.45%). There were patients with 

FC III and IV stable exertional angina (62.5% 

and 33%, respectively). The chronic occlusions 

of native coronary arteries were diagnosed in 

76.14% of cases; diffuse lesions of the native 

arteries were diagnosed in 87.5% of cases; the 

incidences of calcifications, diffuse graft 

lesions, and graft occlusions were 56.82%, 

12.5%, and 4.5%, respectively.

Results. The immediate interventional 

results were satisfactory in 98.86% of cases. 

The survival was 100%. One patient developed 

intramural MI. The clinical signs of angina 

pectoris diminished by at least two functional 

classes in 100% of patients.

Mean follow-up period was 21 (14–27) 

months. The long-term rates of MI and target 

lesion revascularization were 2.3% and 11.36%, 

respectively. The angina relapsed in 23 (26.14%) 

patients in the remote period. The angina 

relapses were caused by in-stent restenosis 

and progression of marginal stenosis or 

formation of new lesions in 8 (9.09%) patients 

each. There was a trend to reduction of the 

long-term PCI rates (14.63% DES versus 

25.53% BMS) and target lesion PCI rates 

(9.76% DES versus 12.76% BMS) when DES 

was used.

Conclusions. When the native arteries and 

grafts are equally affected, the revascularization 

of the native arteries should be preferred, but in 

case of more complex lesions of the native 

arteries, the graft stenting should be chosen.
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Despite satisfactory immediate results of coronary artery bypass grafting (CABG), the risk of major 

cardiovascular events in patients remains high. Repeat CABG leads to a higher incidence of deaths and major 

cardiovascular events, therefore percutaneous coronary interventions (PCIs) are the option of choice for 

patients with post-CABG angina. The study focuses on the immediate and long-term graft stenting results. The 

study results show that when using the study algorithm, the graft stenting leads to the favorable immediate and 

long-term outcomes. 
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Currently, more than 300,000 coronary artery 

bypass graftings are performed annually (14). 

After CABG, 10–15% of venous grafts close 

during the first year, and up to 50% of grafts are 

occluded within 10 years (2, 3). The SOS 

(Stenting of Saphenous vein grafts) trial 

demonstrated that, on average, 39% of 

marginal venous grafts stenoses (30–60% of 

the graft angiographic diameter) progressed to 

signi ficant stenoses (>70%) within 35-month 

follow-up (4).

In the opinion of cardiologists and cardiac 

surgeons, the repeat CABG for graft lesions is 

not the surgery of choice due to higher mortality 

compared to the primary coronary artery 

bypass grafting. 5-year and 10-year survival 

rates after re-CABG are 75–90% and 55–75%, 

respectively (5).

The endovascular intervention is the option of 

choice in the treatment of graft lesions (6, 7, 8).

Currently, the venous graft interventions 

comprise 5–10% of all PCIs. The graft stenting 

is associated with higher rates of intraoperative 

complications, major cardiovascular events due 

to distal embolism, “no-reflow” pheno menon, 

and restenosis compared with coronary arteries 

stenting (9, 10, 11).

The study objective is: to analyze the 

immediate and long-term graft stenting results 

in patients with post-CABG angina using the 

proposed algorithm.

Materials and methods
The study was conducted in A.A. Vishnevsky 

3rd Central Military Clinical Hospital of the 

Ministry of Defence of the Russian Federation. 

The algorithm of graft lesions selection for 

stenting is presented in Figure 1. The study 

included the patients with significant graft 

lesions (≥70% graft stenosis) based on the 

coronarography and shuntography (CSG) and/

or positive stress test in the area supplied with 

this graft (cycle ergometry (CEM), myocardial 

scintigraphy (MS) or fractional flow reserve 

(FFR)), FC II–IV stable angina. The patients 

with ACS, FC I angina, lesions in the non-

grafted arteries were excluded from the study.

According to the above criteria and algorithm 

presented in the chart, 88 patients were inclu-

ded in the study and underwent graft stenting; 

4 (4.5%) patients out of them underwent graft 

recanalization.

Prior to CABG, all patients had laboratory 

tests, ECG and EchoCG, stress tests; the optimal 

Figure 1. The algorithm of lesion selection for stenting.  

Collection of medical history, 
examination, laboratory tests

Significant graft lesions

Insignificant graft lesions

Marginal graft lesions

Occlusion 
of native artery

Graft stenting PCI of the native artery Graft recanalization
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of native artery
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Stenosis 
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medicinal therapy was selected. 4 days before 

PCI, all patients were prescribed dual 

desegregate therapy (acetylsalicylic acid 

100 mg/day + clopidogrel 75 mg/day).

The complete elimination of graft stenosis 

was considered as satisfactory technical results 

of PCI. Graft stenting was defined as PCI of one 

graft with obligatory implantation of drug-

eluting stent (DES) or bare metal stent (BMS).

The following immediate interventional 

results were assessed during the in-hospital 

period: mortality, acute MI, repeat myocardial 

revascularization (PCI or CABG), major cardio-

vascular events.

The interventional results were considered 

to be satisfactory if angiographic results were 

obtained and angina severity was diminished 

by at least two functional classes, or clinical 

signs of angina completely resolved and there 

were no major adverse cardiovascular events.

The in-hospital major adverse cardio vas-

cular events were as follows: death, MI and 

emergency interventions (PCI or CABG), 

however, the patients who had in-hospital 

major cardiovascular events were not excluded 

from the study, as their long-term results were 

of interest.

The following endpoints were evaluated in 

the follow-up period: incidences of lethal 

outcomes, acute MI, recurrent angina, all PCIs, 

repeat revascularizations of the target lesion 

and major adverse cardiovascular events.

The major adverse cardiovascular events in 

the follow-up period included death, myocardial 

infarction, and all PCI.

The angina relapse in the follow-up period 

was defined as development of the angina 

pectoris symptoms (if there were no signs after 

PCI) or its progression by at least one functional 

class among patients with persistent angina 

symptoms.

Repeat revascularizations of the target 

vessel were performed in case of in-stent 

restenosis (thrombosis).

The lesion formation in previously unchanged 

coronary artery or graft as well as progression 

of stenotic atherosclerotic process, and symp-

toms reoccurrence due to this process were not 

considered to be complications.

Restenosis was defined as stenosis > 50% 

inside a stent or at the stent edges.

The tabulated data are presented as percen-

tages, mean value and standard deviation, 

median and interquartile interval depending on 

the variables distribution.

The primary clinical characteristics of the 

enrolled patients are presented in Table 1.

General angiographic characteristics of the 

enrolled patients are presented in Table 2. 

The graft lesions by localization are presented 

in Table 3.

RCA was the most common symptom-

related artery; LAD placed second. Morphology 

of the graft lesions is presented in Figure 2.

Table 1. Clinical characteristics of patients

                            Parameter n = 88

 Age, years 58 (53–62)

 Males  95.45%

 Angina 88 (100%)
     FC III 55 (62.5%)
     FC IV 29 (33%)

 Body mass index (kg/m2) 27.3 (25–31.5)

 Arterial hypertension 78 (88.63%)

 Hypercholesterolemia 65 (73.86%)
     Mean total cholesterol, mM 5.7 (5.0–6.3)
     Mean LDL cholesterol, mM 4.1 (3.9–4.3)

 Smoking 53 (60.23%)

 Previous myocardial infarction 62 (70.45%)

 Chronic heart failure 81 (92%)
     FC I 22 (25%)
     FC II 56 (63.6%)
     FC III 3 (3.4%)
     FC IV 0 (0%)

 LVEF, % 57 (48–60)

 Diabetes mellitus 16 (18.18%)

 History of CVA 6 (6.82%)

 Peripheral artery lesion 37 (42.05%)

 Renal failure 4 (4.5%)

 Chronic obstructive pulmonary 22 (25.00%)
 disease (COPD)

Table 2. Angiographic characteristics of patients

               Angiographic parameter n = 88

 Number of affected arteries 3 (2–3)

 Total number of grafts 3 (3)

 Number of patent grafts 2 (1–2)

 Degree of coronary artery stenosis 100 (100)

 Degree of graft stenosis 80 (80–90)

 Bifurcation stenting 0 (0)

 Main LCA lesion 6 (6.82%)

 Proximal LAD lesion 36 (40.91%)

 Chronic occlusion 67 (76.14%)

 Diffuse lesion of the native 77 (87.5)%
 coronary arteries

 Calcified arterial lesion 50 (56.82%)

 Diffuse graft lesion 11 (12.5%)

 Total stent length, mm 27 (22–30.5)

 Mean stent diameter, mm 3.5 (3.0–3.5)

Table 3. Localization of graft lesions

                   Affected segment Arm II

 Proximal segment  20 (22.73%)

 Middle segment 36 (40.91%)

 Distal segment  32 (36.36%)
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The lesions of grafts to RCA were most 

commonly observed. The lesions of grafts to 

LAD were the rarest ones (if any, commonly 

type B).

Results
The implantation rates of DES (46.6%) and 

BMS (50%) were comparable. DES and BMS 

were implanted into one graft in 3 (3.4%) 

patients.

On Day 1 after PCI, increased troponin Т level 

was observed in 8 patients. The increased 

troponin T level was negligible in 7 patients 

and not accompanied with negative changes in 

the ECG. One patient developed embolism of 

obtuse marginal branch (OM) when a Wall 

carotis stent was implanted in the large 

arteriovenous graft. On Day 1 after PCI, 

a significantly increased troponin T level was 

observed in this patient, however, the ischemical 

dynamics on ECG resolved. Mean troponin T 

level is presented in Table 4.

The in-hospital survival was 100%. One 

patient developed intramural MI (Table 5).

Therefore, the clinical signs of angina 

pectoris diminished by at least two functional 

classes in 100% of patients (Fig. 3).

The immediate interventional results were 

satisfactory in 98.86% of cases.

The long-term results were obtained from all 

patients over 3–36 months (mean follow-up 

was 21 (14–27) months).

There were no deaths in the follow-up period.

2 patients (2.3%) had MI in the follow-up 

period: 19 and 28 months after PCI. The direct 

MI cause in all cases was confirmed late DES 

thrombosis.

The incidence of revascularization procedu-

res (PCIs) was 20.45%, and the rate of target 

lesion revascularization was 11.36%.

The angina relapsed in 23 (26.14%) patients 

in the follow-up period (Table 7). The timing of 

angina relapse ranged from 11 to 36 months. 

The angina relapses were caused by in-stent 

restenosis and progression of marginal stenosis 

or formation of new lesions in 8 patients 

(9.09%) each. 6 (6.8%) patients had BMS 

restenosis, thus, DESs were implanted to them. 

Figure 2. Morphology of the graft lesions.

Table 4. Mean cardiotropic enzyme level on Day 1 after 
intervention

         Enzyme n = 88 p

 Troponin Т 0,033 ± 0,145 0,000004
 (N=0.0 ng/mL)

Table 5. The Immediate (in-hospital) results 

                          Parameter n = 88

 Mortality 0(0%)

 Myocardial infarction 1(1.14%)

 Stent thrombosis 0(0%)

 Urgent cardiovascular intervention 0(0%)

 Major cardiovascular events 1(1.14%)

 TIMI III flow 87(98.86%)

 Immediate clinical success  87(98.86%) Figure 3. Dynamics of angina functional classes 
in the enrolled patients. 
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One patient (1.14%) had restenosis within the 

previously implanted DES (Xience V), and one 

patient (1.14%) had marginal DES restenosis 

(Cypher). In both cases, restenosis BA was 

performed using a drug-eluting balloon. The 

angina-free period varied from 11 to 28 months 

and from 13 to 32 months for BMS and DES, 

respectively.

The major cardiovascular event-free Kaplan-

Meier survival curve is presented in Figure 4.

There was a trend to reduced rates of angina 

relapses (DES 21.95% versus BMS 29.79%), 

follow-up PCI (DES 14.63% versus BMS 

25.53%) and PCI of target lesion (DES 9.76% 

versus BMS 12.76%) when DES was compared 

to BMS, although the differences were not 

statistically significant.

Discussion
The enrolled patients underwent CABG and 

had numerous risk factors for development and 

progression of CHD and variety of co-

morbidities. All patients included in the study 

had a high risk for open heart surgery based on 

EuroSCORE scale. In general, the clinical 

characteristics of patients were similar to those 

of subjects included in a number of other 

studies designed for graft stenting (12–18). 

Some risk factors for CHD (smoking, 

hypertension), and co-morbidities (chronic 

heart failure, prior myocardial infarction, chronic 

obstructive pulmonary disease) were more 

common in patients included in our study, 

however, type 2 diabetes mellitus was observed 

more rarely.

The angiographic characteristics of the 

grafts lesions largely coincide with the literature 

data (12–18). However, higher incidence of 

calcification of the native arteries was noted in 

our study.

The in-hospital survival was 100%; the 

incidence of myocardial infarction was 1.14%; 

the frequency of major adverse cardiovascular 

events was 1.14%. The immediate interventional 

results were satisfactory in 98.86% of patients. 

The main predictors of technical failures were 

diffuse degeneration of the venous graft and 

large volume of atherosclerotic plaque.

The immediate results were slightly better 

than those from large studies of graft stenting. 

According to the literature data, the incidence 

Table 6. Long-term results

                         Parameter n = 88

 Mortality 0 (0%)

 Myocardial infarction 2 (2.27%)

 CABG in the follow-up period 26 (29.55%)

 PCI in the follow-up period 18 (20.45%)

 PCI of the target lesion 10 (11.36%)

 Major cardiovascular events 18 (20.45%)

Table 7. Causes of angina relapses based on CSG results

                          Parameter n = 88

 In-stent restenosis 8 (9.09%)

 Late stent thrombosis 2 (2.27%)

 Progression of stenotic atherosclerosis  9 (10.23%)

Figure 4. Dynamics of MACE-free survival.
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of MI varied from 2 to 5% (12–18), the frequency 

of TIMI 3 blood flow was 90-93%, and the rate 

of major adverse cardiovascular events ranged 

from 2.6 to 6% (12–18). These results can be 

partly explained by the fact that not all types of 

graft lesions were stented in our study compared 

to the listed studies. The graft lesions were 

selected based on the algorithm. Additionally, 

recanalization of occluded grafts was minimized 

in our study and amounted to 4.5% only 

because the literature data showed adverse 

outcomes of these interventions. According to 

the published data, successful recanalization of 

chronic occlusion of grafts ranges from 32% to 

79%, while restenosis is up to 61%, even with 

DES (19–21).

Analysis of the endovascular treatment 

results identified risk factors of the major 

adverse cardiovascular events during the in-

hospital stay. The clinical factors were: previous 

MI, COPD, smoking, diabetes mellitus, 

multifocal atherosclerosis, and 

hypercholesterolemia. The angiographic 

factors were: diffuse graft lesion, calcified 

lesion, affected main LCA, and chronic 

occlusions.

The long-term results were evaluated in 

patients during the follow-up period from 3 to 

36 months.

According to the literature data, the follow-

up mortality after graft revascularization ranges 

from 1% to 5.2% (12, 14, 17, 18). There were 

no deaths during the follow-up in the study arm.

The MI incidence based on the published 

data ranges from 4.2% to 6% (3, 12, 14, 15, 

17–19, 22, 23). A lower incidence of myocardial 

infarction in our study can be explained by graft 

stenting according to the algorithm, almost 

complete refusal from recanalization of 

occluded grafts, and high patients’ adherence 

to lipid-lowering therapy, which significantly 

reduces the incidence of major adverse 

cardiovascular events in the follow-up period 

(17, 24, 25).

In our study, the late stent thromboses were 

observed in follow-up years 2 and 3, and their 

rate was higher compared with the literature 

data (26, 27). The reasons for these very late 

stent thromboses are still poorly understood.

Follow-up revascularization and target lesion 

revascularization rates were 20.45% and 

11.36%, respectively. In the published literature 

on graft stenting, follow-up revascularization 

rates vary from 11.5% to 22% depending on 

lesion complexity and types of stents (3, 12, 14, 

15, 17–19, 22, 23, 28), but in most of the above 

studies, the endpoints were target vessel 

revascularization and/or target lesion 

revascularization. In our study, follow-up PCI 

frequency included all PCIs. The frequency of 

target lesion revascularization was defined 

separately and comparable with the literature 

data (7.2–13.1%) (3, 12, 14, 15, 17–19, 22, 23, 

28).

The in-DES restenoses are partly explained 

by the fact that they were implanted in the 

internal thoracic artery (ITA) graft and when the 

ITA grafts are stented, restenoses increase 

significantly (30, 31). Nevertheless, restenosis 

rates do not exceed the literature data (6.8–

15%) (3, 12, 14, 15, 17–19, 22, 23, 28).

Cumulative rate of major cardiovascular 

events is comparable with most studies 

designed for graft revascularization. According 

to the literature data, mean value is approximately 

15.4–26% (3, 12, 14, 15, 17–19, 22, 23, 28). 

However, it should be noted that in some studies 

it reached 30–68%, especially in case of 

diffusely affected or occluded grafts (19, 20). In 

our study, this parameter included all cases of 

follow-up revascularization regardless of 

whether they were the target lesion 

revascularizations or not.

There was a trend to reduced incidences of 

angina relapses (DES 21.95% versus BMS 

29.79%), follow-up PCI (DES 14.63% versus 

BMS 25.53%) and PCI of target lesion (DES 

9.76% versus BMS 12.76%) when DES was 

compared to BMS, although the differences 

were not statistically significant. However, they 

were comparable with the literature results for 

graft stenting: repeat target lesion 

revascularizations range from 7.2% to 15% 

when DES is used and from 13.1% to 26% 

when BMS is used (3, 12, 14, 15, 17–19, 22, 

23, 28), if not taking into account the results 

from studies of grafts occlusion and arterial 

grafts where this value was much higher (19, 

20).

The statistical analysis using a Cox regression 

model identified the clinical and angiographic 

relative risk factors for the major adverse 

cardiovascular events. The independent clinical 

predictors were: elderly age (relative risk = 

1.033; 95% CI: 0.984–1.08), type 2 diabetes 

mellitus (relative risk = 2.85; 95% CI: 1.13–

7.17), previous MI (relative risk = 1.54; 95% CI: 

0.65–3.64), and grade 2–3 obesity (relative risk 

= 1.045; 95% CI: 0.95–1.15). These factors are 

mentioned to a greater or lesser extent in 

different revascularization studies as predictors 

of major cardiovascular events (3, 12, 14, 15, 
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17–19, 22, 23, 28). The independent 

angiographic predictors were type C lesion of 

the graft to the LAD (relative risk = 1.27; 95% CI: 

0.75–2.15) and type C lesion of the graft to the 

RCA (relative risk = 1.027; 95% CI: 0.99–1.06). 

These 2 factors are not mentioned in the 

published data, since few investigators apply 

this classification to determine the morphology 

of the grafts lesions, although these factors 

coincide indirectly with the risk factors observed 

in other studies: multivessel coronary disease 

(relative risk = 5.32; 95% CI: 1.03–27.56) and 

small stents diameter (relative risk = 1.042; 

95% CI: 0.99–1.087). These risk factors are 

confirmed by numerous studies and listed in 

almost all the literature data.

Conclusions
1. If the proposed algorithm is followed, 

the grafts stenting gives favorable immediate 

and long-term results.

2. When the native arteries and grafts are 

equally affected, revascularization of the native 

arteries should be preferred, but in case of 

more complex lesions of the native arteries, the 

graft stenting should be chosen.

3. The graft occlusion interventions are 

characterized by a low rate of technical success 

and also increased risk of major adverse 

cardiovascular events; therefore, they are 

justified only when any other revascularization 

methods fail.

4. It is appropriate to consider re-CABG in 

case of multiple grafts occlusions, unfeasible 

revascularization of native arteries, and 

medicinal therapy failure.
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Recent advances in endovascular surgery 

comprise not only the field of complex cases 

treatment, but also high-precision assessment 

of functional state of coronary blood flow. 

Angiography remains the “Gold Standard” for 

coronary vessels visualization. But this 

technique is limited due to two-dimensional 

view of vessel and does not always provide 

accurate information regarding degree of 

stenosis (1). Besides, coronary angiography 

provides only limited data about functional and 

physiological state of coronary blood flow, 

particularly in borderline stenosis (2). 

In real life cardiologist sometimes faces 

considerable discrepancy between the results 

of stress tests and coronary angiography. 

Therefore routine use of functional intravascular 

methods provides optimal choice of treatment. 

The purpose of this literature review is to provide 

an excursion into the existing research base on 

fractional flow reserve assessment and to 

define the advantages and the disadvantages 

of this method. 

It is known that FFR reflects correlation 

between intracoronary blood pressure and 

degree of stenosis under conditions of altered 

blood flow. These two parameters must be 

measured during the maximal pharmacological 

hyperemia. FFR less than 0.75 indicates 

hemodynamically significant stenosis (3). E.g. 

DEFER study, performed in 2001 to evaluate 

FFR measurement significance in treating 

borderline stenosis, included 325 patients who 

had no documented myocardial ischemia in 

previous 2 month. All of them had stenosis over 

50% in arteries over 2.5 mm in diameter. 

Patients were divided into 3 groups according 

to the results of coronary angiography. The first 

group included patients with FFR over 0.75 and 

no PCI performed (91 patients), the second 

group (90 patients) included patients with same 

FFR and PCI performed, and the third group 

(144 patients) with FFR less than 0.75, all of 

whom received PCI. Late outcomes were 

assessed in 12 months in 325 patients (100%), 

in 24 months – in 317 (98%) and in 5 years – 

in 286 patients. No significant difference in 

MACE-free survival was found between the first 

and the second groups (80% and 73%, respec-

tively; р = 0.52), whereas it was significantly less 

in the third group (63%; р = 0.03). 5-years 

outcome after delayed PCI in borderline 

stenosis estimated as FFR over 0.75 was 

excellent. Risk of cardiac death and myocardial 
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infarction was less than 1% yearly and was not 

less after PCI performed. (4). 

Since description of technical details of FFR 

measurement is not the goal of this article, 

it would be interesting to provide an excursion 

into the existing research base of FFR measure-

ment, to define the advantages and the dis-

advantages of this method and the correlation 

between FFR and both coronary angio graphy 

data and the results of stress tests. 

Results of FFR measurement usually 

correlate with the results of stress tests and 

have well defined borderline value of 0.75. 

It was demonstrated by De Bruyne (5, 6), Pijls 

(7, 8), Chamuleau (9). The lowest ischemia-free 

value of FFR was estimated by comparison 

of FFR results with the results of stress tests. 

De Brunye et al. (5) showed that among 

60 patients with single-vessel disease and 

normal LV function, FFR of 0.72 was the lowest 

and stress ECG was normal. Same authors (7) 

investigated FFR in 60 patients with single-

vessel disease and positive stress test before 

and after PCI. 56 patients had pre-PCI FFR less 

than 0.74 and post-PCI FFR over 0.75. These 

data are suggestive of a high grade of correlation 

between FFR measurement and stress test 

results. 

FFR also correlates well with the results of 

stress-echo with dobutamine. 75 patients with 

single-vessel disease underwent stress-echo 

and FFR assessment (10). 20 patients had FFR 

over 0.75 and negative stress-echo, while 41 

out of 54 had FFR less than 0.75 and positive 

stress-echo. Some studies compared FFR to 

the results of stress-scintigraphy (9, 2, 13). 

All these studies performed independently by 

Abe, Fearon and Chamuleau, have shown a high 

grade of correlation between FFR and non-

invasive tests. 

It was also established that FFR < 0.75 is 

100% specific for stress-induced ischemia, 

whereas FFR >0.80 is highly sensitive (over 0.90) 

to the absence of stress-induced ischemia 

(6, 7, 8). A so-called “grey zone” between 

0.75 and 0.80 is not associated with high 

incidence of late cardiovascular events 

according to T.P. van Hoef et al. (14)

Sometimes it can be very challenging to 

define stenosis degree or syndrome-related 

artery in patients who did not receive stress-test 

prior to coronary angiography. Results can be 

controversial or nonconfirming (11, 4). Some 

controversy can also be seen in cases when two 

stenoses are located in the same artery. It is 

evident that each of them can influence coronary 

blood flow. Distal stenosis can lower pressure 

gradient in proximal stenosis, thus increasing 

FFR value. FFR measurement in distal stenosis 

gives an idea of summated complex influence 

of both stenoses, however is unable to 

distinguish the lesion that significantly impacts 

the blood flow. (15). Some authors tried to 

develop charts and equations to determine FFR 

values in case of multiple lesions (16). They 

managed to find strict correlations between 

predicted and actual FFR value, measured after 

PCI, but only in 32 patients (15, 16). It is evident 

that these data do not have any practical value. 

In real-time clinical practice only total influence 

of all lesions in an artery can be assessed by 

measuring FFR distally to the most distal 

stenosis. E.g. in case of FFR <0.75, PCI can be 

performed for the most angiographically severe 

stenosis. After successful PCI, FFR can be 

measured again to estimate other stenoses. 

(17). 

Similar problems may occur in patients with 

multivessel disease. The presence and the 

degree of ischemia in each vessel must be 

assessed individually. A large-scaled study by 

Beller et al. (18) included 12000 patients and 

showed that treatment of MVD using only PCI or 

only CABG makes little sense. 

Since non-invasive tests are not accurate 

in identification of syndrome-related lesion 

in MVD, the usefulness of FFR in these cases 

is evident (19). FFR measurement is especially 

useful for determining the most appropriate 

method of treatment. 

De Bruyne (20) showed that in case of total 

diffuse coronary atherosclerosis with absent 

visual signs of significant stenoses, FFR can be 

less than 0.75. The diameter gradient and the 

pathologic vascular resistance can lead to 

abnormal FFR measurement in these vessels. 

Coronary vasospasm in intact vessel 

accompanied by positive stress test results is a 

well known clinical paradox and presents one 

more “weak spot” of FFR measurement. Vaso-

spasm will not be angiographically documented 

due to hyperemic protocol performed and FFR 

value will be normal. The same can be seen 

when collateral blood flow is well-developed, 

according to Pijls et al. (21, 22) 

RESOLVE study (23) performed by Jeremias 

et al. showed that pressure gradient can be 

seen without pharmacological hyperemia if it is 

high enough. Pressure gradients were assessed 

in two groups of patients with and without 

pharmacological hyperemia. According to the 

authors, this is enough to determine whether 
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revascularization is needed immediately or it 

can be safely delayed. Christian Bietau et al. 

reports that no significant difference was seen 

between intracoronary and intravenous 

administration of hyperemic agent. 114 patients 

with borderline stenoses (50–75%) were 

randomized into two groups: with intracoronary 

administration (40 μg for RCA, 80 μg for LCA) 

and intravenous continuous infusion (140 μg/

kg/min in two minutes) of adenosine. FFR 

values determined by both techniques in both 

groups demonstrate a high degree of correlation 

(r = 0.99, p < 0.001), whereas intracoronary 

bolus takes less time and is much more 

comfortable for patient. (24)  

Another evidence of aforementioned infor-

mation can be found in numerous studies that 

assessed FFR during multi-slice CT ima ging. 

Evidently these studies were performed without 

selective hyperemia. Bjarne L. et al. found high 

degree of correlation between non-invasive and 

invasive FFR measurements in 254 patients. 

(25) Sara Gaur et al. also reported high reliability 

of non-invasive FFR compared to invasive FFR 

(р = 0.60) (26).  

Some interesting studies compared FFR 

and intravascular imaging. A. Takagi et al. (27) 

studied 51 patients using IVUS and FFR. They 

showed correlation between minimal lumen 

area and FFR measurement results. C. Briguori 

et al. (28) made the same in 53 patients. They 

found no correlation between atherosclerotic 

plaque area measured by IVUS and FFR, thus 

demonstrating that FFR correlates with 

narrowing of arterial lumen, not with prevalence 

or size of atherosclerotic plaques. 

The main purpose of modern optical cohe-

ren ce tomography, as well as of IVUS, is the 

assessment of arterial wall. Sun-Joo Jang et al. 

studied 42 patients with borderline stenoses 

before PCI using OCT and FFR. They showed 

that FFR and OCT correlate well in the assess-

ment of borderline stenoses in small samples, 

and are also highly sensitive (67–75%) and 

specific (92–100%) if FFR is less than 0.80. 

The above studies convincingly demonstrates 

the relevance of FFR and OCT data. The advan-

tages and the disadvantages of each method 

are still a matter to discuss and need further 

investigation.

Thus, FFR measurement is a major break-

through in using intracoronary pressure gradient 

for coronary arteries assessment. FFR binds 

intracoronary pressure measurement and eva-

lua tion of stenosis significance. The advantages 

of FFR compared to routine coronary angio-

graphy are evident. For example, coronary 

angiography is unreliable when dealing with 

ostial lesions whereas FFR shows that most of 

them are not significant. In cases of multivessel 

disease FFR can prevent unnecessary and 

complex coronary interventions and thus avoid 

complications and unsatisfactory long-term 

results. FFR can be an invaluable tool in 

anatomically complex cases, allowing to reveal 

syndrome-related stenosis and avoid senseless 

full revascularization. The fact that only one-

third of lesions over 75% are significant, can 

give a stimulus for further interpretation of the 

concept of revascularization volume. But in 

real-life clinical practice FFR is seldom needed 

and its routine use is limited by technical 

complexity, the need of pharmacological 

support, the length of the procedure and 

patient’s discomfort.
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Background and objective. The blood flow 

restoration in the infarct-related artery (IRA) is 

the main strategy for STEMI treatment. ECG 

analysis demonstrated that ST depression while 

the effective reperfusion therapy is being 

performed may be preceded by short peak of 

exacerbated ST elevation. The aim of this study 

was to investigate the incidence and predictors 

of reperfusion peak during primary percuta-

neous coronary intervention (PCI) in patients 

with STEMI.

Methods. Continuous 12-lead ECG monito-

ring from the admission to the hospital, lasting 

during PCI was performed in 70 subjects, mean 

age was 56 ± 13 years; and 86% out of them 

were males. To identify predictors of reperfusion 

peak, the clinical, angiographic and electro-

cardiographic characteristics were assessed in 

a regression model. 

Results. Reperfusion peak, an instant in-

crease in ST elevation immediately after the IRA 

lumen restoration by 117 ± 101% with fast 

inverse changes was registered in 38.6% of 

cases. Its occurrence was associated with 

(when univariate analysis was used): complete 

occlusion of the IRA (OR 10.18; 95% CI: 2.00–

51.9; p = 0.005), ST elevation in a lead with its 

maximum magnitude > 400 μV (OR 13.75; 95% 

CI: 2.57–73.46; p = 0.002) and the total 

ST displacement > 1500 μV (OR 18.4; 95% 

CI: 4.27–79.34; p < 0.001). Complete occlusion 

of the IRA and total displacement retained 

independent predictive values based on the 

multi variate analysis (OR 12.06; 95% CI: 1.50–

96.94; p = 0.019 and OR 22.75; 95% CI: 4.02–

128.75; p < 0.001, respectively).

Conclusions. The reperfusion peak is 

observed in slightly more than one-third of 

patients during primary PCI for STEMI. The 

complete occlusion of the IRA and significant 

ST elevation before reperfusion are predictors 

for its occurrence.

The blood flow restoration in the infarct-

related artery is the main strategy in the 

treatment of acute myocardial infarction (AMI) 

with ST-elevation (1, 2). Evaluation of ECG 

changes is the leading method to evaluate the 

efficacy of thrombolytic therapy and fades into 

the background when percutaneous inter-

ventions (PCIs) with direct control of the blood 

flow restoration in the infarct-related artery are 

performed. However, the restoration of epi-

cardial perfusion during primary angioplasty 

does not exclude abnormal microvasculare 

perfusion (3). It is known that the ST-segment 

recovery correlates with the microcirculatory 

blood restoration (4, 5) and ECG monitoring 

after the PCI completion is a routine method in 

clinical practice.

Continuous ECG monitoring gives additional 

information on the reperfusion period. In parti-

cular, it is shown that in some cases the ST 

depression with the reperfusion therapy demon-

strates no monotonic pattern, and the ST 

depression is preceded by a short peak of an 

exacerbated ST elevation referred to as reperfu-

sion peak (6, 7). To date, the pathophysiological 
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The study is designed to assess the ST changes during primary PCI in patients with STEMI using continuous 

12-lead ECG monitoring. The reperfusion peak is described, its incidence is evaluated; and its predictors 

are identified.
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mechanisms of reperfusion peak and its 

predictors are not investigated enough; there is 

no consensus on its impact on outcomes.

The objective of this study was to evaluate 

the ST changes during primary angioplasty in 

AMI patients, to investigate the incidence and 

predictors of reperfusion peak and its influence 

on the outcomes in patients.

Material and methods
The study included patients with STEMI 

admitted for primary angioplasty in the clinic of 

V.A. Almazov Federal Center for Heart, Blood, 

and Endocrinology and clinic of Mechnikov 

Saint Petersburg State Medical Academy, Saint 

Petersburg from 2010 to 2013. The diagnosis of 

STEMI was confirmed based on the standard 

criteria: new-onset or presumably new-onset 

ST elevation >100 μV in two adjacent leads out 

of V4–V6, II, III, AVF and > 200 μV (>250 for 

males younger than 40 years) in leads V1–V3 (8). 

The patients with implanted permanent 

pacemakers, complete left or right bundle 

branch block, severe scar changes making 

difficult ECG interpretation were excluded. The 

patients who had cardiogenic shock, indications 

for temporary pacemaker implantation were 

also excluded.

The coronary angiography was performed 

using GE Innova 3100 (GE Healthcare); the 

epicardial blood flow was assessed according to 

the TIMI scale (9). Echocardiography (EchoCG) 

was performed using Acuson Cypress (Siemens) 

and Vivid-7 (GE Healthcare), the left ventricle 

ejection fraction (LVEF) was measured using the 

modified Simpson algorithm from apical 4- and 

2-dimensional sections (10). All patients 

received standard therapy: dual antiplatelet 

therapy, heparin, beta-blockers, angiotensin-

converting enzyme inhibitors, and statins.

After admission all enrolled patients had 

continuous 12-lead ECG monitoring using 

cardiorecorders Kardiotechnika-3M, (Incart, 

Saint Petersburg). X-ray-negative cable MAC 

LAB (USA) made it possible to monitor 12-lead 

ECG in a setting of X-ray operating room with no 

disturbances for visualization of coronary 

arteries during PCI. The leads were placed 

according to the Mason-Likar diagram (11) 

except for neutral lead which was placed in the 

right axillary area symmetrically to the V6 lead.

When the monitoring data were analyzed to 

assess changes in the ventricular repolarization, 

only supraventricular complexes were used. 

When the magnitude of ST segment was esti-

mated, the isoelectric line was considered to be 

mean signal level in the area proceeding to the 

QRS beginning by 40–20 msec. ST displacement 

was measured in each recorded lead, and then 

total ST displacement was calculated as the 

sum of ST elevations in the leads with direct 

signs of myocardial infarction and reciprocal ST 

depression. ST changes were analyzed in all 

12 standard leads. To assess the ischemia 

based on Sklarovskiy-Birnbaum algorithm, 

presence or absence of S wave in leads with 

rS pattern was taken into account and J/R ratio 

in leads with qR pattern was determined (12).

After discharge the patients were followed in 

the FMIC on the outpatient basis. The study 

protocol was approved by the Local Ethics 

Committee at V.A. Almazov FMIC.

In the case of normal distribution, the data 

were presented as mean ± standard deviation, 

in the case of non-normal distribution, the 

median and interquartile ranges were presented. 

The Student t-test was used to compare the 

quantitative variables with normal distribution; 

if distribution was non-normal, the non-para-

metric tests were used (Mann–Whitney test). 

The differences between groups in incidences 

of the variables were determined using two-

sided exact χ2 test. The result was considered 

statistically significant at p < 0.05. To identify 

the clinical factors associated with the reper fu-

sion peak, the univariate and multivariate regres-

sion analysis mathematical models were used. 

At the first step, clinically relevant parameters 

were compared between the groups. The 

variables significantly differed between the 

groups were then included in the univariate 

regression analysis model and the odds ratio 

was calculated (13). To identify the independent 

predictors, the factors with significant 

association revealed in the univariate analysis, 

were included in the multivariate model.

The statistical analysis was performed using 

the SPSS 19.0 statistical package (SPSS Inc., 

Chicago, Il, USA).

Results
The study included 70 subjects; mean age 

was 56 ± 13 (28–82) years; and 86% out of 

them were males. The reperfusion peaks 

(Figures 1–3) were recorded during primary 

angioplasty in 38.6% of cases. The ST elevation 

started increasing immediately after lumen 

restoration of the infarct-related artery and 

reached its maximum in 5.3 ± 3.2 minutes. The 

magnitude of ST elevation measured in one 

lead with the most pronounced ST elevation, 

increased at the peak on average by 117 ± 101% 
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(40–335%). Peak ST elevation was maximal 

in the same lead as at baseline (before PCI). 

In cases when reciprocal ST depression was 

recorded prior to reperfusion, its magnitude 

was also significantly increased at the time 

of reperfusion (Figures 1–3). The total ST 

displacement in all leads with ST elevation and 

reciprocal ST depression increased at the 

reperfusion peak by 148 ± 159% (32–560%) 

compared to pre-peak baseline value. Reaching 

its maximum at the peak, ST elevation started to 

decline gradually reaching pre-peak values in 

9.3 ± 5.6 minutes, and declined further till full 

ST recovery and stabilization. Time to ST stabili-

zation was 120 (IQ 77) minutes in the reperfusion 

peak group, and did not differ significantly from 

the non-reperfusion peak group: 97 (IQ 118) 

minutes, p = 0.22.

The patients with reperfusion peak most 

commonly (93%) had complete occlusion of 

the infarct-related artery (IRA) and no blood 

flow (TIMI 0), while the patients without 

reperfusion peak had complete occlusion of 

the IRA and TIMI 0 only in 49% of cases, 

p = 0.002 (Table 1); the remaining patients had 

preserved residual blood flow (TIMI I). The 

most pronounced magnitude of pre-PCI ST 

elevation in the reperfusion peak group was 

492 ± 261 μV compared to 254 ± 153 μV in the 

non-reperfusion peak group (p = 0.002). The 

proportion of patients in whom the ST elevation 

in a single lead exceed 400 μV was 52% in the 

reperfusion peak group compared to 6.9% in 

the non-reperfusion peak group (p = 0.001). 

Similarly, the total ST displacements in the 

elevated and reciprocally depressed leads were 

Figure 1. ST changes during primary angioplasty in a male patient Sh., 41 y.o. with anterior STEMI. The increase in ST 
elevation immediately after blood flow restoration in the infarct-related artery – reperfusion peak followed by its rapid 
decline. А – ECG before reperfusion; B – ECG at reperfusion peak; C – ECG after ST decline (pointed with arrows). 
Angiograms: 1 – LAD occlusion; 2 – balloon inflation in the infarct-related artery (LAD); 3 – blood flow restoration in the 
LAD (TIMI III).

A B C

A B C
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1990 ± 1098 μV versus 1062 ± 843 μV in the 

reperfusion peak group and non-reperfusion 

peak group, respectively (p = 0.001). The 

proportions of patients with the total ST 

displacements >1500 μV were 78% versus 14% 

in the reperfusion peak and non-reperfusion 

peak, respectively, p < 0.001.

The groups did not differ by age, sex, 

prevalence of hypertension or diabetes mellitus. 

The proportion of patients with previous AMI 

and unstable angina prior to this AMI did not 

differ between the groups. The groups did not 

differ by multivessel coronary disease, LAD 

as the infarct-related artery, AMI localization, 

Figure 2. ST changes during primary angioplasty in a male patient K., 64 y.o. with anterior STEMI. The increase in ST 
elevation immediately after blood flow restoration in the infarct-related artery – reperfusion peak followed by its rapid 
decline. 1 – ECG before reperfusion; 2 – ECG at reperfusion peak; 3 – ECG after ST decline (pointed with arrows).

Table 1. Clinical, angiographic and ECG characteristics of patients with STEMI depending on the presence or absence of 
reperfusion peak during primary angioplasty

                                  
Characteristics

 Reperfusion peak,   No reperfusion peak,  
p

  n = 27 n = 43 

 Age 59 ± 12 55 ± 13 0.10

 Sex (males) 23 (86%) 37 (86%) 1.00

 Previous MI 2 (7.4%) 7 (16.2%) 0.62

 EH 20 (74%) 29 (67%) 1.00

 Diabetes 2 (7.4%) 3 (7.0%) 1.00

 Unstable angina prior to AMI  13 (48%) 18 (42%) 0.72

 Localization (anterior AMI) 16 (59%) 24 (56%) 1.00

 Time “signs onset-to-PCI”, min 492 ± 261 254 ± 152 0.72

 Multivessel disease 16 (59%) 24 (56%) 1.00

 IRA (LAD) 16 (59%) 24 (56%) 1.00

 Total occlusion of the IRA, TIMI 0 25 (93%) 21 (49%) 0.002

 Pre-PCI ST elevation in single lead, μV 492 ± 261 254 ± 153 0.002

 Pre-PCI ST elevation in single lead >400 μV 14 (52%) 3 (6.9%) 0.001

 Pre-PCI ST elevation, lead sum, μV 1990 ± 1098 1062 ± 843 0.001

 Pre-PCI ST elevation, lead sum, >1500 μV 21 (78%) 6 (14%) <0.001

 3-rd grade ischemia (Birnbaum) 7 (26%) 4 (9.3%) 0.12

ОAMI – acute myocardial infarction; EH – essential hypertension; PCI – percutaneous coronary intervention; IRA – infarct-
related artery
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Figure 3. ST changes during primary angioplasty in a male patient Sh., 67 y.o. with inferior STEMI. The increase in ST 
elevation immediately after blood flow restoration in the infarct-related artery – reperfusion peak followed by its rapid 
decline. 1 – ECG before reperfusion; 2 – ECG at reperfusion peak; 3 – ECG after ST decline (pointed with arrows). 
Below: 1 – angiogram prior to reperfusion (proximal occlusion of the RCA), 2 – complete blood flow restoration in the 
infarct related artery.
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time window “signs onset-to-PCI”, and propor-

tion of patients with grade 3 ischemia according 

to the Sklarovskiy-Birnbaum method.

Univariate analysis revealed that the 

complete occlusion of the IRA (OR 10.18; 95% 

CI: 2.00–51.9; p = 0.005), ST elevation in a lead 

with its maximum magnitude > 400 μV (OR 

13.75; 95% CI: 2.57–73.46; p = 0.002) and the 

total ST displacement > 1500 μV (OR 18.4; 

95% CI: 4.27–79.34; p < 0.001) were associated 

with the reperfusion peak occurrence at the 

moment of blood flow restoration (Table 2). 

Complete occlusion of the IRA and total 

displacement retained independent predictive 

values based on the multivariate analysis 

(OR 12.06; 95% CI: 1.50–96.94; p = 0.019 and 

OR 22.75; 95% CI: 4.02–128.75; p < 0.001, 

respectively).

The majority of enrolled patients had intact 

or slightly reduced global systolic function. 

Based on the EchoCG results obtained on Day 

1 of AMI, the ejection fraction was 51 ± 9%, 

without significant difference between the 

groups depending on the presence or absence 

of reperfusion peak (Table 3). During in-hospital 

treatment, 4 patients died and 2 out of them 

were from the reperfusion peak group. After 

discharge, 7 patients were lost for follow-up for 

various reasons; the remaining subjects were 

under a prospective dynamic follow-up with 

mean duration of 23 ± 19 months. There were 

no deaths among discharged patients during 

the follow-up. Based on the 12-month EchoCG 

data, the groups did not differ by the ejection 

fraction. After 12 months, there was a trend to 

greater incidence of HF progression and greater 

proportion of patients with higher HF classes in 

the reperfusion peak group (Table 3).

Discussion
In this study, the reperfusion peak was 

observed in 38.6% of subjects which is 

consistent with the previously published data 

on the incidence of this ECG phenomenon 

during primary angioplasty (23–63%) (14–16) 

and systemic thrombolysis (68–75%) (7, 17). 

It is shown that after experimental myocardial 

infarction caused by complete mechanical 

occlusion of the LAD by inflating the balloon 

followed by an equally rapid subsequent 

simultaneous reperfusion, the reperfusion peak 

occurs during the blood flow restoration in 

100% of cases (18). Thus, the reperfusion peak 

pattern observed in this study while the primary 

angioplasty is performed, does not differ visually 

from the pattern observed in the experiment 

(18) and in real practice when systemic 

thrombolytic therapy is conducted (17). The 

reason for rarer occurrence of this ECG 

phenomenon in real practice should be most 

probably sought in the particularities of the 

pathophysiological mechanisms of “ischemia-

reperfusion” in AMI. The STEMI progression 

is caused by thrombotic occlusion resulting from 

pro-inflammatory and coagulation path ways, 

often associated with complete or partial 

spontaneous lysis of thrombus, distal emboli-

zation and vasospasm (19). These factors can 

lead to intermittent obstruction of the infarct-

related artery, partial restoration of blood flow, 

and as a consequence, initiation of the pre – 

and post-conditioning mechanisms, in their 

Table 3.  Some baseline and follow-up clinical and echocardiographic parameters in the reperfusion peak and non-reperfu-
sion peak groups 

  Reperfusion peak   Non-reperfusion peak   
                                     

 Parameter
 group group 

p

 LVEF on Day 1,% 50 ± 8 51 ± 9 0.80

 LVEF at Month 12,% 49 ± 9 50 ± 7 0.75

 ΔLVEF at Month 12 -1.1 ± 9.5 1.1 ± 5.4 0.58

 Proportion of patients with reduced EF at Month 12 ≥10 1 (4.1%) 0 0.69

 HF III NYHA at Month 12 3 (12.6%) 1 (2.3%) 0.08

 HF progression in the follow-up, % 7 (29.0%) 2 (5.7%) 0.07

LVEF – left ventricle ejection fraction; ΔФВ ЛЖ – LVEF change from acute period to Month 12; HF – heart failure.

Table 2. Factors related to the reperfusion peak occurrence during the blood flow restoration

                       
Characteristics

  Univariate analysis   Multivariate analysis 

  ОR 95%CI p ОR 95%CI p

 Total occlusion of the IRA 10.18 2.00–51.90 0.005 12.06 1.50–96.94 0.019

 ST elevation > 400 μV 13.75 2.57–73.46 0.002 – – –

 Total ST displacement >1500 μV 18.4 4.27–79.34 <0.001 22.75 4.02–128.75 <0.001
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turn affecting the ST changes during reperfu-

sion. For example, in this study, the reperfusion 

peak at the time of blood flow restoration was 

associated with complete occlusion of the IRA 

according to coronary angiography data, while 

the presence of non-occlusive thrombosis 

significantly reduced the probability of this 

phenomenon. Another predictor of reperfusion 

peak was ST displacement immediately before 

reperfusion characterizing the severity of 

ischemic injury, which is consistent with the 

data from another recently published study 

(20). Collateral blood flow to the territory of the 

occluded artery may have a certain value in 

terms of the probability of reperfusion peak 

occurrence, but its role in acute occlusions is 

not very high, and quantification is difficult (21). 

We did not confirm the data on the lower 

incidence of reperfusion peak in patients with 

unstable angina prior to this AMI, which could 

be associated with the myocardial precondi-

tioning (20). According to our data, the 

probability of reperfusion peak occurrence was 

also not associated with the previous AMI. 

We did not reveal the dependence between the 

presence or absence of a peak and time period 

“signs onset-to-PCI” which is consistent with 

the published data (16).

At present, the data on the pathophysiological 

mechanisms underlying the ”reperfusion peak” 

and its prognostic value are controversial. There 

is an opinion that reperfusion peak is an electro-

physiological phenomenon caused by dis elec-

tro lytic changes related to reperfusion (22–24). 

At the same time, it is demonstrated that the 

patients with reperfusion peak have higher 

maximum troponin level (15, 16, 25), lower left 

ventricle ejection fraction (15), and larger final 

area of myocardial necrosis (16, 20). Thus, the 

reperfusion peak is associated with a greater 

severity of myocardial injury. However, it is not 

quite clear whether it's associated with a larger 

pre-reperfusion injury or reperfusion injury itself 

(26). Some studies show that reperfusion peak 

is associated with more pronounced baseline 

ST elevation before reperfusion (20, 27), that is 

also confirmed in our study, as well as poorer 

collateral blood flow and larger myocardial area 

involved in the “ischemia-reperfusion” process 

(27). According to other authors, the peak 

reflects reperfusion injury, contributing to the 

final necrotic area (28) and is caused by distal 

embolization with thrombus fragments and 

leukocyte aggregates, microcirculatory spasm 

and edema (29, 30). In our study, no-reflow 

phenomenon was not observed, the patients 

with reperfusion peak had angiographically 

verified complete restoration of blood flow in 

the infarct-related artery and the peak of 

exacerbated ST elevation was followed by rapid 

normalization. Apparently, the further 

investigations directly assessing the risk area 

and final necrotic area are required to determine 

the nature of reper fusion peak. The pilot 

experimental study demonstrated the relation-

ship between the magnitude of reperfusion 

peak and necrotic area size but not the area of 

myocardium at risk (18).

The currently available data on the prognostic 

value of reperfusion peak are controversial. 

According to Näslund data (7), 1-year mortality 

in patients with reperfusion peak was lower 

than in patients from the non-reperfusion peak 

group, 5-year mortality rates did not differ. The 

prospective observation for more than 2 years 

demonstrated that all-cause mortality and 

cardiac mortality rates were significantly higher 

in the reperfusion peak group (20). The small 

sample size and small number of endpoints in 

our study preclude from definite conclusions on 

prognostic value of the reperfusion peak, and 

further investigations should be conducted.

Conclusions
1. The reperfusion peak is observed in 

slightly more than one-third of STEMI patients 

during primary angioplasty; it is rarer than in 

experimental AMI model with total occlusion 

and subsequent simultaneous IRA reperfusion.

2. The predictor for this ECG phenomenon is 

complete occlusion of the IRA before 

reperfusion and significant ST elevation as 

manifestations of the severity of pre-reperfusion 

myocardial ischemia.
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Abbreviations
IVUS – intravascular ultrasound

CA – coronary artery

CAG – coronarography

LV – left ventricle

LCX – left circumflex artery

AMI – acute myocardial infarction

RCA – right coronary artery

LAD – left anterior descending artery

LMCA – left main coronary artery

Introduction
Acute myocardial infarction (AMI) in patients 

without atherosclerotic lesions of the coronary 

arteries (CAs) and hemodynamically significant 

stenoses is a relatively rare condition (1–15). 

The aetiology and pathogenesis of such AMI 

are still not fully clarified; the possible causes 

are coronary spasm, thrombosis, inflammation, 

embolization, endothelial dysfunction, hyper-

coagulation, myocarditis, aortic dissection, 

poisoning with some medicinal and narcotic 

drugs. 

Objective: to analyze the cases and treatment 

principles in patients with CA thrombosis 

without hemodynamically significant stenoses.

Materials and methods
Four AMI patients aged from 32 to 50 y.o. 

were examined during 4 years (2009–2012) 

(0.06% out of 7002 patients). There were 

3 males (all were smokers – at least 1 pack of 

cigarettes per day) and 1 female, in whom 

coronary angiography (CAG) revealed thrombi 

in the non-stenotic CAs.

Results
Three patients were admitted within 2.5 hr to 

4 hr 20 min from angina onset in severe and 

very severe condition with typical clinical 

manifestations: chest pain and retrosternal 

pain. At admission, the female patient had 

clinical signs of cardiogenic shock. ECG 

demonstrated signs of peracute phase of AMI. 

Clinical cases

A 45 years old female. She was admitted in a very 

severe condition with signs of cardiogenic shock. 

At 6 a.m. she experienced intensive pressing pain 

behind her breastbone. The ECG performed by 

medical emergency team demonstrated peracute 

phase of the anterior advanced myocardial infarction. 

At pre-hospital stage she received morphine, 

dopamine, clexane, aspirin; 1.5 hours after angina 

onset systemic thrombolysis using tissue 

plasminogen activator Actilyse was started.  She 

was admitted 2.5 hours after angina onset in severe 

condition due to AMI complicated with cardiogenic 

shock.  HR was 34 bpm. BP was 82/65 mm Hg. 

Peripheral pulse was absent. There was tachypnoe 

– 26–28 respirations per minutes. ECG on admission 

showed  sinus rhythm, complete AV block with a 

substitute rhythm from AV connection. There was a 

peracute phase of transmural antero-septal 

myocardial infarction involving the lateral wall of the 

LV. Temporary pacemaker was placed; dopamine 

12 μg/kg/min was infused. CAG results (Fig. 1): the 

coronary blood flow of the right type, the unchanged 

left main coronary artery (LMCA), left anterior 

descending artery (LAD) with a blood clot in the 

proximal part narrowing the lumen by 70%, the 

ostium of the left circumflex artery (LCX) stenosed 

by 50%, right coronary artery (RCA) not changed.  

Intra-aortic balloon pumping was started (1 : 1). 

With inotropic support, intra-aortic balloon pumping 

and temporary pacing the patient's condition was 

stabilized. Temporary pacing was stopped on Day 2, 

the intra-aortic balloon pump was removed on Day 

4. The therapy was given (including heparin, Zyllt 75 

mg, Thrombo ASS 100 mg, and then Cardiomagnyl 
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75 mg), there were no cardiac pain, rhythm 

disturbances or heart failure signs. ECG revealed the 

evolution of transmural anterior advanced myocardial 

infarction.  EchoCG demonstrated impaired LV 

contractility in the septal, anterio-septal, apical areas 

(7 segments, dyskinesis of the inferior and septal-

apical segments with wall thinning and aneurysm 

formation, mural thrombus in the aneurysm cavity 13 

× 8 mm). Follow-up CAG (Fig. 2) at Week 3: No LAD 

thrombosis, LAD and LCX without hemodynamically 

significant stenoses. She was discharged in a fair 

condition.

In the remaining 3 cases, CAG revealed LAD 

thrombosis.

A 50 years old male. CAG: non-occlusive oval 

thrombus with uneven, blurred contours and small 

fluctuating movements in the distal part of LMCA 

expanding to the bifurcation. No other CA changes. 

The treatment included: heparin 25,000  Units IV as 

a drop infusion then 5000 Units SC 4 times a day; 

Plavix 300 mg, then 75 mg/day, with subsequent 

replacement with Zyllt 75 mg, Arixtra 2.5 mg SC; 

aspirin 125 mg/day. CAG on Day 14: CAs unchanged, 

no blood clots.

A 40 years old male. CAG: Non-occlusive oval 

thrombus in the middle segment  of the LAD, blood 

flow TIMI 3. There were no significant coronary 

stenoses. Integrilin 180 μg/kg was infused intra-

venously as a bolus, then as continuous infusion 

2 μg/kg/min for 24 hours. The treatment included: 

Plagril 75 mg/day, Thrombo ASS 100 mg/day. 

He was discharged on Day 3 for personal reasons 

without follow-up CAG.

A 32 years old male. Typical pain developed one 

month ago, was not treated, the patient was admitted 

Figure 1. Coronarograms. Thrombus in the proximal segment of the LAD narrowing the lumen by 70%. The ostium 
of the LCX is stenosed by 50%.

A B

Figure 2. Coronarograms at Week 3. Coronary arteries are not changed, complete lysis of the thrombus.

A B
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with thrombosis of arteries of lower extremities. After 

collection of medical history, the examination was 

performed. The ECG demonstrated focal changes in 

the anterior wall of the left ventricle (LV).  The 

EchoCG showed signs of local changes of myocardial 

contractility in the anterior-lateral and septal walls of 

the LV, hypokinesia of the apical segments; troponin 

0.276 ng/ml). On the base of these data, an antero-

septal AMI involving the the apex and side wall of the 

LV was suspected. CAG: 65% stenosis of the proximal 

segment of the LAD, distally there is an oval 

opacification defect with well-defined smooth 

contours with fluctuating movements, the remaining 

arteries without significant changes. The treatment 

included: warfarin 5 mg and heparin 2500 Units 6 

times a day. CAG on Day 9: no changes in the LAD.  

The thrombotic masses formed in the coronary 

arteries can be friable and loose, they can be lyzed 

and fragmented both spontaneously and under 

therapy.  First CAG was performed one month after 

thrombus formation at the time when the patient did 

not receive treatment, the parietal part of thrombus 

simulating the narrowing and separate floating 

fragment – the former “core” of the thrombus still 

were preserved. Therapy significantly accelerated 

the lysis and on Day 9 while therapy was given, there 

was a complete lysis of both parietal thrombotic 

masses and free thrombotic fragment.

Discussion
As a rule, the reports on thrombosis of the 

unchanged CAs deals with single cases. Only 

Poyet R. et al. (11) examined 17 patients and 

Roule V. et al. (12) reported on 16 patients and 

found 36 similar cases caused by several 

etiological factors, primarily spasm and 

prothrombotic coagulopathy. Almost all reports 

were based on CAG data of thrombosis of 

angiographic unchanged CAs, some of them 

had minimal changes.

Poyet R. et al. (11) examined 17 AMI patients 

with or without ST-elevation using intravascular 

ultrasound (IVUS). On the base of CAG, the 

coronary vessels were assessed as normal or 

almost normal with the thrombi. IVUS revealed 

discrete lesions in all patients with angio-

graphically normal arteries and identified short, 

single, small, eccentric, hypoechoic lesions.

Some patients with angiographically normal 

arteries may have minimal changes that 

predispose to thrombosis. 

A number of investigators (8, 12, 15) believe 

that, beside smoking, such patients have other, 

rather typical, cardiovascular risk factors, 

however the primary role is played by spasm 

and coagulopathy.

Kadowaki K. et al. (8) consider that AMI 

associated with angiographically normal arteries 

can be caused by combination of spasm and 

CAs thrombosis.   Suzuki N. et al. (15) introduced 

acetylcholine 50 μg intracoronary, which 

caused a spasm in a patient with simultaneous 

thrombosis of the RCA and LAD after therapy, 

during follow-up CAG, which showed complete 

disappearance of the thrombi. According to the 

authors, spasm preceded and caused the CA 

thrombosis.

In our case, CAG revealed not only LAD 

thrombosis but an ostial stenosis of the left 

circumflex artery (LCX) by 50%. Post-treatment 

follow-up CAG revealed neither thrombus nor 

stenosis. This case confirms the important role 

played by the spasm combined with thrombosis 

in unchanged CAs.

Thrombosis of unchanged CAs is possible in 

thrombophilia and hypercoagulopathy caused 

by genetic factors (6, 13). The examined 

32-year-old patient had already repeated 

thrombosis of the peripheral arteries suggesting 

thrombophilia.

Some investigators believe that the coronary 

thrombosis is typical for young patients (2, 8, 

13, 14). In our cases, CA thrombosis occurred in 

young and middle-aged patients (32–50 y.o.).

AMI with unchanged CA thrombosis was 

observed in drug addicts (1, 5).

Simultaneous thrombosis of several CAs is 

possible (3,14,15). Thus, Serrano C.V.Jr. et al. 

(14) observed non-occlusive thrombosis of the 

LAD and RCA in 32-year-old patient. After 

thrombolysis the blood clots were completely 

lyzed and angiographic pattern presented 

normal CAs. Suzuki N. et al. (15) revealed 

during CAG a blood clot in the middle part of 

the RCA and complete occlusion of the distal 

part of the LAD. Chong F. et al. (3) described a 

case of thrombosis of the distal part of LMCA, 

LAD and intermediate artery.

The primary treatment principles. Roule V. 

et al. (12) treated 16 patients – glycoprotein IIb/

IIIa inhibitor was administered in 75% of cases.

Germing A. et al. (7) reported a patient with 

a large thrombus of LMCA subtotally narrowing 

the lumen of the LCX and LAD, with glycoprotein 

IIb/IIIa inhibitor (Abciximab). The next day, the 

blood clot did not disappear; the treatment was 

continued for several days and on Day 6 CAG 

revealed no thrombus. Ozeren A. et al. (10) 

successfully used a glycoprotein IIb/IIIа 

inhibitor Tirofiban for massive thrombus which 

almost completely occluded the distal part of 

the LCX.
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Dagdelen S. et al. (4) found no signs of 

atherosclerosis and a blood clot in the LAD 

(22 mm in length and 1.9 mm in diameter)in AMI 

patient during CAG. The treatment consisted of 

administration of Tirofiban firstly as a bolus over 

30 minutes and then for 24 hours as IV infusion, 

acetylsalicylic acid, nitroglycerine and warfarin. 

The follow-up at Month 2 showed complete 

disappearance of the thrombus in the 

unchanged CAs.

Chong F. et al. (3) performed thrombus 

aspiration, administered a glycoprotein IIb/IIIа  

inhibitor and performed intra-aortic balloon 

pumping to stabilize hemodynamics. According 

to the authors, in such cases, thrombus 

aspiration without stenting can lead to good 

results. 

Karanasos A. et al. (9) suspected thrombosis 

of the RCA ostium during CAG and optical 

coherence tomography, which showed no 

atherosclerotic changes of the vessel wall. The 

treatment consisted in the thrombus aspiration 

and stenting of the RCA ostium.

The patients with AMI caused by non-

occlusive thrombosis in angiographically normal 

CAs, have good long-term outcome after acute 

phase if treatment strategy is correctly selected 

(12). 

Thus, the primary treatment option is ad-

minis tration of a glycoprotein IIb/IIIа inhibitor 

and double antiplatelet therapy. Thrombus 

aspiration is used less frequently and only one 

report (9) described the combined use of 

thrombus aspiration and stenting.

In all our 4 cases, there was LAD thrombosis 

and no CA stenoses. In 3 AMI cases, thrombus 

produced a significant obstacle within the CA 

lumen, but the blood flow was preserved 

(ТIМI 3), therefore, conservative therapy (which 

was effective) was chosen rather than thrombus 

aspiration. No thrombus aspiration was required 

in a male patient with 1-month AMI: the thrombus 

was partially lyzed within a month even in the 

absence of treatment, but parietal part of the 

thrombus and its non-lysed “core” located 

distally and floating in the lumen remained. 

Conservative therapy was effective in this case.

Conclusions
1. In rare cases, acute myocardial infarction 

caused by thrombosis of non-stenotic coronary 

arteries is possible. 

2. Conservative therapy is effective in 

thrombosis of unchanged coronary arteries and 

blood flow ТIМI 3. 
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Adult patients seeking medical care most 

often suffer from shortness of breath, chest 

pain on exertion, and heart irregularity. These 

sings are the indications for coronary angio-

graphy. A coronary-pulmonary fistula revealed 

during the diagnostic procedure is associated 

with coronary atherosclerosis only in single 

cases.

The patent arterial passage (fistula) is the 

main issue in the differential diagnosis of 

coronary-pulmonary fistula, but other 

congenital arteriovenous communications 

should also be excluded. While two-dimensional 

echocardiography helps to diagnose various 

arteriovenous communications, coronary 

angiography is the main diagnostic method to 

determine the coronary anatomy. Computed 

tomography gives a presentation on the 

relationship between coronary-pulmonary 

fistula and the cardiac cavities. Accurate 

diagnostics and effective surgical correction of 

the heart defect give positive postoperative 

results and reduce the complications risk.

Surgical treatment is a traditional approach 

to eliminate coronary-pulmonary fistulas. 

However, currently the endovascular technique 

is often used (1–9).

Surgical treatment of the heart defect is 

indicated for patients who have hemodynamically 

significant coronary fistulas. The procedure 

should be aimed at closing the abnormal 

communication via catheter embolization, 

either by suturing in the cardiac chamber or 

great vessel under visual control during open 

heart surgery as well as correction of 

concomitant cardiac pathology.

A 66 y.o. mail was admitted to the department for 

elective coronary angiography with complaints of 

periodic pressing retrosternal pain and shortness 

of breath, resolving after nitroglycerin intake. The 

patient had a history of two myocardial infarctions. 

In January 2013, his status deteriorated, namely his 

exercise tolerance reduced. He underwent elective 

coronary angiography, which revealed extensive 

LAD narrowing in the middle third up to 80%, two 

coronary-pulmonary fistulas arising from the LAD 

proximal segment; the circumflex artery originated 

from the right coronary artery (Fig 1). The estimated 

right ventricle pressure at rest was 37 mm Hg based 

on EchoCG results. The decision was made to 

perform IVUS, stent the LAD middle segment and 
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Coronary-pulmonary fistula leading to pulmonary hypertension can have a severe negative effect of the 

condition of patients. The authors suggest the use of stent-grafts for such fistulae closure.
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Fig. 1. Patient F., Coronary angiogram: extensive LAD 
narrowing in the middle third up to 80%, two coronary-
pulmonary fistulas arising from the proximal segment of 
the LAD; the circumflex artery arising from the right 
coronary artery.
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close coronary-pulmonary fistula. The possible 

closure of coronary-pulmonary fistula with coils and 

coronary stent graft was considered. Given the 

technical complexity associated with fistula 

embolization and high risk of embolic complications, 

it was decided to implant a coronary graft 

GRAFTMASTER 4.0 × 19 mm. The first step was 

stenting of the LAD middle segment (Fig. 2). The 

second step was implantation of stent graft 4.0 × 19 

mm (Fig. 3). A small shunt of contrast medium into 

the coronary-pulmonary fistula territory was 

observed after stent graft implantation.  Follow-up 

LCA angiography performed in 2 minutes revealed 

no shunt. Follow-up IVUS was performed (Fig. 4). 

After intervention, the patient noted improvement: 

no pain and shortness of breath on exertion. 6-month 

follow-up EchoCG revealed the estimated right 

ventricle pressure of 28 mm Hg. The patient notes 

the lack of pressing retrosternal pain and increased 

exercise tolerance.

Conclusion:
In case of significant coronary-pulmonary 

fistulas causing grade 1–2 pulmonary hyper-

tension, closure of coronary-pulmonary fistulas 

can decrease the pressure in the pulmonary 

circulation and improve the symptoms.

In this clinical case, the coronary graft 

GRAFTMASTER 4.0 х 19 mm showed favorable 

angiographic, ultrasound and clinical results at 

6-month follow-up.
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The relevance of chronic heart failure (CHF) 

in patients with type 2 diabetes mellitus (T2DM) 

is determined by a high incidence of these 

diseases, as well as T2DM-associated 

increased risk of CHF. The number of these 

patients increases annually (1). One-year 

mortality in patients with severe CHF reaches 

12%, even in specialized hospitals. Up to 

612,000 CHF patients annually die in the 

Russian Federation (RF) (2). Studies conducted 

in the USA, have demonstrated a continuous 

increase in the number of CHF patients with 

preserved systolic function (PSF), which poses 

a problem of CHF with PSF (CHF-PSF) as one 

of the non-infectious epidemics of the XXI 

century (3). This CHF population primarily 

includes older women with poorly managed 

arterial hypertension (AH) and/or T2DM, the 

CHF-PSF incidence in whom achieves 68% 

(2, 4). The prevalence of CHF in Russia is 

steadily increasing and reaches 7.9 million 

people (7%). Functional class (FC) II–IV chronic 

heart failure (NYHA) is observed in 4.5% of the 

population (5.1 million people), of which high 

FCs (III–IV) amount to 2.1% (2.4 million people) 

(5). In 2011, at 71st meeting of the American 

Diabetes Association (ADA) it was stated that 

one in three persons born after the year 2000, 

during his/her life develops diabetes (ADA, 

2011) (6). In the Russian Federation, as of 

January 01, 2013, the number of DM patients 

was 3,778,000 and 325,000 and 3,452,000 out 

of them have T1DM and T2DM, respectively (7). 

The rapidly growing population of T2DM patients 

in a short time will change the modern view of 

the improved prognosis for treatment of 

cardiovascular diseases (CVDs). Thus T2DM 

and CHF acquire the status of the epidemic of 

the XXI century and require health care costs for 

the treatment and prevention of these diseases.

Among the main causes of CHF, T2DM ranks 

4th after chronic obstructive pulmonary disease 

(COPD), AH and coronary heart disease (CHD) 

(8).Given the economic growth and advances 

in medical science, the life expectancy of the 

organized population increases; therefore, an 

issue of treating patients with multiple diseases, 

i.e. co-morbidities becomes topical in clinical 

practice. In elderly and geriatric patients (9,10) 
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We present a literature review of prevalence, pathogenesis, and prognosis of chronic heart failure (CHF) in 

patients with type 2 diabetes mellitus (T2DM). Diabetes and CHF acquire the status of the epidemic of the XXI 

century and require health care costs for prevention and treatment of these diseases. Application of modern 

pharmacological preparations and instrumental treatment of cardiovascular diseases (CVDs) increases life 

expectancy and significantly improves the quality of life of patients with CHF both with normal carbohydrate 

metabolism (CM) and with T2DM. However, the risk of cardiovascular mortality (CVM) in patients with T2DM 

compared to those with normal CM remains unchanged. The rapidly growing population of patients with T2DM 

will soon change a recently established idea of better CVD treatment outcomes. Violation of myocardial 

remodelling in T2DM is caused by a combination of factors associated with diabetic cardiomyopathy, reduction 

of the metabolic activity of cardiomyocytes, insufficient glucose transport into cells, endothelial dysfunction, 

diabetic macro- and microangiopathy myocardial fibrosis leading to disruption of filling the left ventricle and the 

development of CHF. Insulin resistance (IR) and compensatory hyperinsulinemia (HI) play a key role in the 

pathogenesis of T2DM. To improve the results of treatment aimed at risk reduction of CHF development in 

patients with T2DM and impaired glucose tolerance (IGT), it is necessary to achieve the traditional primary 

objective, i.e. glycemic control. Since IR and compensatory HI play a key role in the T2DM pathogenesis and are 

closely associated with the risk of arterial hypertension (AH) and CVDs due to atherosclerosis, the treatment of 

patients with T2DM and IGT and CHF should involve the drugs affecting IR.

Key words: type 2 diabetes mellitus, chronic heart failure, cardiovascular mortality, hyperglycemia, glycated 

hemoglobin, insulin resistance, hyperinsulinemia.
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the severity of the CHF clinical pattern depends 

on comorbidities (11, 12), while extracardiac 

comorbidities may prevail over the cardiac ones 

(13), thus significantly limiting prescription of 

a number of glucose-lowering drugs (14).

Study of CHF prevalence, prognosis and 

treatment strategy in T2DM patients is an 

important issue. The Framingham study was the 

first epidemiological study to prove an increased 

CHF risk in T2DM patients (15). The analysis of 

the OASIS registry (Observational Assessment 

of Safety in Seroquel) to investigate T2DM 

influence on CHD long-term outcomes showed 

that CHF risk in T2DM patients was 3.43 times 

higher compared with those with normal 

carbohydrate metabolism (CM) (16). The 

incidences of heart failure in men and women 

with T2DM were 4 and 8 times higher, 

respectively, compared with patients with 

normal CM (15). The population studies proved 

that in elderly patients, T2DM is a risk factor for 

CHF, and the risk increases with growing severity 

of T2DM (17, 18). At the same time, it was 

revealed that 15–26% of CHF patients have 

T2DM (19). According to other authors, CHF in 

patients with T2DM was detected in 78.3% and 

83.3% men and women, respectively, admitted 

in the endocrinology hospital and, respectively, 

in 87.0% and 81.0% of DM patients from the 

city registry (20). Based on the EPOHA-HSN 

results (2003–2005) it was concluded that in the 

Russian Federation the DM prevalence in CHF 

patients was 11.9% (21). Thus, the literature 

discusses the prevalence of obvious T2DM in 

CHF patients, and impaired glucose tolerance 

(IGT) continues to be a significant but under-

investigated problem.

The patients with systolic chronic heart 

failure (S-CHF) not receiving hypoglycemic 

treatment and with glycated hemoglobin 

(HbA1c) >6.7%, have a risk of one-year mortality 

almost 2 times higher compared with patients 

with HbA1c level ≤6.7% (22). In this case, T2DM 

plays an important role as a factor for 

development of myocardial fibrosis and 

impaired filling of the left ventricle (LV) with 

subsequent formation of S-CHF and typical LV 

dilatation and reduced contractility. The patients 

with S-CHF are younger and predominantly 

males (9, 23).The main reason determining the 

clinical pattern and severity in S-CHF patients is 

previous myocardial infarction (MI) (85.2%), 

while one-third of patients have repeated MI.  

S-CHF patients predominantly suffer from CHD, 

are mostly males and some of them have 

a history of significant physical loads (10).

Diastolic CHF (D-CHF) is the predominant 

cause of CHF (24, 25, 26), as among older 

subjects there is a high proportion of patients 

with increased myocardial rigidity (27) due to 

AH (28), CHD (29) and T2DM, as well as their 

combination (30, 31).The D-CHF is charac-

terized with normal or reduced LV sizes and 

preserved contractility in contrast to S-CHF, 

in which the primary criterion of unfavorable 

outcome is the reduced ejection fraction (EF) 

(32). Solomon SD et al. demonstrated that 

at Year 2 after MI, the LV sizes increase less and 

CHF is observed 2 times more frequently 

in T2DM patients compared to those without 

T2DM (33).In patients with D-CHF, the primary 

factors defining features of myocardial injury, 

CHF clinical pattern and severity are AH 

(76.7%), overweight and obesity (39.5% and 

33.7%), T2DM or IGT (29.1% and 12.8%) (34).

The combination of CHD and T2DM is the 

determining factor for high mortality in CHF 

patients (35).

CHF in T2DM patients develops due to com-

bi nation of CHD and diabetic microangiopathy 

reducing the coronary blood flow reserve as 

well as diastolic LV dysfunction (36) and diabetic 

autonomic cardiac dysfunction of the LV 

described in 1984 by D. Ewing (37). Diabetic 

autonomic cardioneuropahy (DACN) is one of 

the T2DM complications significantly affecting 

CVD clinical pattern and outcomes (38). DACN 

is observed in patients with a long lasting T2DM, 

which worsens the quality of life and is associ-

ated with high mortality (39, 40, 41). In patients 

with CHF and T2DM the risk of MI is higher in 

the presence of DACN (42). A meta-analysis of 

15 longitudinal studies (43) which included 

a total of 2900 patients followed for 1–16 years 

showed that the presence of DACN results 

in higher mortality. The most dangerous 

manifes tation of DACN is an asymptomatic 

myocardial ischemia. When 1468 T2DM patients 

were followed, there were only 10% of patients 

without DACN, and asymptomatic ischemia was 

detected in 20% of DACN patients (44, 45).

Metabolic ischemia typical for T2DM and 

manifesting as abnormal contractility of cardio-

myocytes plays an important role. In hyper-

glycaemia settings, final glycation products and 

their precursors are overproduced, which 

changes blood protein structure and extracellular 

matrix and leads to dysfunction of the nerve 

fibres. The levels of all previous intermediate 

products of glycolysis are elevated and alternative 

pathways are activated: glyceraldehyde-3-

phosphate, glycerol and methylglyoxal come in 
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the pathway of protein kinase C and final 

glycation products, fructose-6-phosphate 

enters hexosamine pathway, and glucose itself 

enters the polyol pathway. All the above 

pathological pathways of glucose and its 

metabolites utilization are responsible for DM 

complications affecting nerve tissue 

(neuropathy) and vascular wall (angiopathy) 

(46, 47). Thus, there is a T2DM specific 

atherosclerotic lesion of the proximal and distal 

parts of coronary arteries (48) combined with 

the metabolic ischemia of myocardiocytes (49, 

50) and DACN (51).

There is a variety of mechanisms of CHF 

progression associated with T2DM. They include 

diabetic nephropathy (52) and cardiovascular 

autonomic neuropathy (53), insulin resistance 

(IR) and endothelial dysfunction (54), 

hemostasis disorders (55) and overexpression 

of pro-inflammatory cytokines (56). The 

combination of morphological and biochemical 

changes in the myocardium specific to T2DM 

patients, which is called diabetic cardio-

myopathy, leads both to disturbance of diastolic 

processes and impaired myocardial contractility 

(57). Therefore, patients with CHF and T2DM 

have lower exercise tolerance compared to 

CHF patients without T2DM (58). Thus, the 

presence of T2DM compared with CHF patients 

with normal CM predetermines more severe 

functional class of CHF and, consequently, 

poor outcome.

According to the results from population and 

clinical studies, the mortality risk in CHF patients 

is increased 1.29-3.19-fold in the presence of 

T2DM (58). According to the study DIABHYCAR 

(type 2 DIABetes Hypertension Cardiovascular 

Events and Ramipril), the mortality in T2DM 

patients with CHF was 12 times higher than in 

T2DM patients without CHF (58, 59). The 

number of hospitalizations and length of 

hospital stay for decompensated CHF in T2DM 

patients are significantly higher than in those 

with normal CM which is confirmed by the large 

studies: BEST (Dutch acronym for Behandel-

Strategieеn - therapeutic strategies), RESOLVD 

(the Randomized Evaluation of Strategies for 

Left Ventricular Dysfunction), MERIT-HF 

(Metoprolol CR/XL Randomised Intervention 

Trial in Congestive Heart Failure) (58, 60). The 

heart failure was the most common cause of 

death and accounted for 66% of 1-year overall 

mortality in the study DIGAMI (Diabetes Mellitus 

Insulin Glucose Infusion in Acute Myocardial 

Infarction) in patients with acute myocardial 

infarction (AMI) and T2DM (61). In patients with 

T2DM, AMI is complicated by acute left 

ventricular failure 3 times more frequently 

compared to the subjects with normal CM (62).

According to the registry of the A.L. Myas-

nikov Scientific Research Institute of Cardiology, 

in patients with II–IV FC CHF (NYHA) the 

presence of T2DM significantly worsens 

outcomes in females and patients with EF 

<38%, and when systolic blood pressure (sBP) 

is <120 mm Hg. In the subgroups of patients 

with EF <30% and hypotension (sBP < 90 mm 

Hg) the severity of outcome was determined by 

the severity of CHF (63).

Up to 55% of patients with T2DM die within 

5 years after AMI compared with 30% among 

patients with normal CM, and the incidence 

of repeated MI in patients with T2DM is 

60%higher compared to patients without T2DM 

(64). The results from the prospective Quebec 

Cardiovascular Study published in January 

2009 further demonstrated that the risk of 

cardiovascular mortality (CVM) in T2DM 

patients is 3 times higher and 4.5 times higher 

when T2DM is combined with CVDs than in 

patients with normal CM (65). The modern 

pharmacological drugs and interventional 

methods of CVD treatment increase life 

expectancy and significantly improve quality 

of life of patients both with normal CM and 

T2DM. However, the risk of CVDs in patients 

with T2DM compared with subjects with normal 

CM remains unchanged.

A role of T2DM in the formation of non-

ischemic CHF is discussed, i.e. when the CM 

disturbances cause myocardial fibrosis leading 

to S-CHF (66, 67). Cardiac fibrosis is the leading 

morphological sign in T2DM patients. Increased 

collagen level and altered diastolic function are 

observed in the myocardium (68).The increase 

in the number of CHF cases in T2DM patients 

cannot be attributed only to more advanced or 

severe MI. The reasons for increased incidence 

of CHF in T2DM patients after AMI are not 

clearly understood and require further 

investigation (69). It is difficult to identify CHF 

directly related to T2DM, because co-

morbidities of T2DM can independently disturb 

the myocardial function. In our opinion, these 

data cannot be discussed without analysis of 

the hyperglycemia role in the pathological 

process. In T2DM, cardiovascular dysfunction 

is caused by specific vessel injuries depending 

on vessel diameters – diabetic macro- and 

microangiopathy. Both vascular disorders play 

a role in the pathogenesis of ischemic 

myocardial damage in patients with T2DM. 
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The leading role in the development of coronary 

obstruction belongs to diabetic macro angio-

pathy (70); it is manifested as aggressive 

coronary atherosclerosis with higher incidence 

of multivessel coronary lesions (71). The 

patients with T2DM have abnormal formation of 

collateral vessels in response to ischemia, 

which may lead to CHF and poor outcome after 

MI (72). The features of lipid profile in T2DM are 

characterized by a “lipid triad”, which includes 

increased triglycerides, reduced high density 

lipoproteins (HDL) cholesterol (Ch) and pre-

dominance of atherogenic fraction – low density 

lipoproteins (LDL) (73,74). T2DM is characte-

rized by activation of platelet-vascular and 

coagulation hemostasis due to increased pro-

coagulants concentrations, inhibition of fibrino-

lytic system, reduction in vascular wall 

athrombogenicity and decrease in activity of 

endogenous anticoagulants (75,76). When 

assessing significance of hyperglycemia 

pathogenetic role, one should consider its 

mandatory association with dyslipidemia, 

hyper insulinaemia (HI), impaired vascular 

reactivity, which are of independent value for 

the coronary disorders (77). This means that 

cardiac complications of T2DM are not limited 

to hyperglycaemia only (78). Thus, the main 

pathogenetic mechanisms of the cardiovascular 

diseases in patients with T2DM are hyper-

glycemia (79), endothelial dysfunction, 

impaired blood rheological properties and lipid 

metabolism (80), HI, IR, genetic factors, AH, 

smoking and others (81). Hyperglycemia plays 

a critical role in the primary damage of the 

vascular wall and creates conditions for further 

development and progression of both athero-

sclerotic process (82) and disorders of cardio-

myocytes metabolism.

One of the mechanisms determining the 

significance of T2DM as a risk factor for CHD 

is the damaging effect of hyperglycemia on the 

cellular function and metabolism, particularly 

endothelial cells and cardiomyocytes, due to 

so-called “glucose toxicity effect”, with ultimate 

cell apoptosis (83,84). The increased blood 

glucose level is combined with endothelial 

dysfunction (85) as the glucose is able 

to activate the transcription factor NF-kB with 

cyclooxygenase (COX-2) overexpression, 

enhanced production of prostaglandin E2, 

activation of caspase-3 and apoptosis of 

endothelial cells (86). Endothelial dysfunction 

is observed in healthy descendants of T2DM 

patients suggesting hereditary genesis of this 

disease (87). A large number of genes invol-

ved in the risk of CVDs, T2DM and CHF are 

currently under study. The meta-analysis 

published in 2011, suggests that the allele A 

carriers have 1.5 times higher risk of CVDs 

compared with the GG genotype carriers (88). 

The issue regarding polymorphism of genes 

involved in the formation of predisposition and 

develop ment of CHF in T2DM patients is topical, 

but currently it is still early to make practical 

conclusions.

It is known that chronic hyperglycemia 

increases the risk of CHF. The increase of 

HbA1c in the blood by 1% is associated with 

CHF risk increase by 16% (89). In patients with 

CHD associated with T2DM without CHF signs, 

the initial increase in HbA1c level by 1% was 

accompanied with increased risk of CHF by 

36% within 4-year follow-up (90). Study CHARM 

(Candesartan in Heart failure: Assessment of 

Reduction in Mortality and morbidity), detected 

increased risk of cardiovascular death and 

hospitalizations for CHF in case of HbA1c 

increase (91). HbA1c level decrease ≥1% 

during the year in T2DM patients with initially 

poor glycemic control slows CHF progression 

(92). However, further studies of patients with 

CHF combined with T2DM revealed U-shaped 

pattern of the relationship between HbA1c and 

mortality. This means that not only T2DM 

patients with pronounced HbA1c increase 

(>9.5%) but also with HbA1c <6.5% have 

a poor outcome (93, 94). These studies show 

that glycemic control can reduce the incidence 

of CHF but the target HbA1c levels should be 

at the lower limit of normal.

It is known that the impairment of normal 

insulin secretion starts long before diagnosis of 

T2DM. At the stage of IGT, the incidence of 

coronary atherosclerosis is significantly higher 

than in subjects with normoglycemia (95). The 

Euro Heart Survеy on Diabetes and the Heart 

(EHS) study detected IGT in 36% of CHD 

patients and newly diagnosed T2DM was 

observed in 22% of CHD patients. Thus, the 

overall proportion of patients with abnormal CM 

among AMI subjects reached 45–53% (96, 97). 

According to the Moscow acute coronary 

syndrome (ACS) registry (2012), the abnormal 

CM in ACS patients was observed in 36% of 

cases, and 20.7% and 15.3% out of them had a 

history of and newly diagnosed abnormal CM, 

respectively (98).

Postprandial hyperglycemia compared with 

an increased fasting glucose blood level is 

associated with the risk of CHD significantly 

more often (99,100). The study involving healthy 
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individuals and T2DM patients demonstrated 

that the steady increase in the glucose level up 

to 15 mM over 24 h was accompanied with 

development of oxidative stress and endothelial 

dysfunction with reduced endothelium-

dependent relaxation (EDR) of the brachial 

artery. However, glucose level fluctuations 

within 5-15 mM every 6 h over 24 h caused 

significantly more severe disorders than stable 

hyperglycemia within 10–15 mM. These effects 

were eliminated by the administration of vitamin 

C, suggesting the leading role of activated 

peroxidation processes in their development.  

Therefore, when treating T2DM patients not 

only blood glucose levels should be normalized, 

but normal glucose tolerance should be also 

restored (101) 

A key factor for T2DM development is IR 

which increases with CHF progression (102). 

Hyperglycemia in the absence of HI was not 

combined with increased oxidative activity of 

the aortic tissue. The increased mitochondrial 

production of superoxide radical (SOR) in the 

heart and aorta with chronic glucose load may 

result from both glucose and insulin activity; the 

latter was increasingly released in the hyper-

glycemia settings (103). This can be explained 

by the fact that the pathogenic effect of 

hyperglycemia is defined not only by its direct 

effect, but is largely mediated by its influence 

as a component of the IR syndrome. Hyper-

insulinemia and IR are powerful atherogenic 

factors (104) leading to increased proliferation 

of endothelial cells (105).

The mechanisms underlying the IR have not 

been finally determined. The results of the 

analysis of interactions between insulin and 

target cells show three groups of mechanisms 

responsible for the IR development: pre-

receptor, receptor and post-receptor ones. 

In most cases, IR is caused by defects in the 

insulin signaling at the post-receptor stage due 

to structural and functional disorders of proteins 

involved in the signaling determination. To 

main tain the concentration of blood glucose at 

a normal level, compensatory HI occurs. Then, 

IGT  develops leading to metabolic syndrome 

(106). Compensatory HI and IR play a key role 

in the pathogenesis of CM disorders (107). 

It should be noted that the results from XXth 

century studies of CHD and CHF in T2DM 

patients were based on the investigation of the 

CM compensation when sulfonylureas (SMs) 

and insulin not affecting HI and IR were used. 

Currently, investigation of the course and the 

prognosis of CHD and CHF in T2DM patients 

treated with drugs affecting HI and IR is of great 

practical interest.

Conclusion
In conclusion, T2DM and CHF acquire the 

status of the epidemic of the XXI century and 

require health care costs for the treatment and 

prevention of these diseases. The modern 

medications and interventional methods of 

CVD treatment increases life expectancy and 

significantly improve the quality of life of CHF 

patients both with normal CM and with T2DM. 

However, the risk of CVDs in T2DM patients 

compared with subjects with normal CM 

remains unchanged. Disturbance of myocardial 

remodeling in T2DM is caused by the 

combination of factors associated with diabetic 

cardiomyopathy, decreased metabolic activity 

of cardiomyocytes, inadequate transport of 

glucose into cells, endothelial dysfunction, 

diabetic macro- and micro angiopathy, 

myocardial fibrosis leading to impaired filling of 

the LV and development of CHF. The pathogenic 

effect of hyper gly cemia is defined not only by its 

direct effect, but largely mediated by its 

influence as a component of the IR syndrome. 

A key factor for T2DM development is IR which 

increases with CHF progression. 

Hyperinsulinemia and IR are powerful 

atherogenic factors leading to increased 

proliferation of endothelial cells.The rapidly 

growing population of T2DM patients in a short 

time will change a recently established idea 

of improved outcomes of CVD treatment. To 

improve the results of treatment aimed at the 

reduction of CHF risk in T2DM patients it is 

necessary to achieve the traditional primary 

objective, i.e. control over glycemia. Since IR 

and compen satory HI play a key role in the 

pathogenesis of T2DM and are closely 

associated with the risk of AH and CVDs caused 

by atherosclerosis, the treatment of patients 

with T2DM and IGT with CHF should primarily 

involve drugs affecting the IR.
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The Orders of the Ministry of Healthcare and 

Social Development of Russia № № 210n and 

415n of the year 2009, have introduced into the 

nomenclature a new speciality – “Endovascular 

methods of diagnosis and treatment” – and 

have adopted the appropriate qualification 

criteria for the preparation of specialists of this 

profile. The chairs and the clinical sites aimed at 

the education of well-skilled specialists have 

been formed in many medical universities  on 

the base of the faculties of post-graduate 

education. The unique character of this 

discipline is obvious and consists in its high 

“invasiveness”! Transcatheter technologies are 

being actively introduced in all clinical 

specialities, and in most cases hold the top 

positions. The opposite side of such “width of 

views” of the new speciality is a huge diversity 

of the basic level and the profile of specialists 

preparation. Cardiologists, neurologists, 

radiologists, general and cardiovascular 

surgeons, neurosurgeons, oncologists and 

repre sentatives of many other profession are 

now coming into the specialtiy... Such 

multiplicity poses new tasks for the search of 

additional methods of education, able to unify 

the young specialists and to form the community 

of their professional philosophy.

The idea of the rebirth of the “school 

of young specialists” and of its conduction 

in a historical pearl of our country – the town 

of Suzdal – belongs to Professor David 

Iosseliani, the Director of Moscow City Center 

of Inter ventional cardioangiology, the founder 

and the Vice-President of Russian Society of 

Interventional cardioangiology (RSICA). The 

present President of RSICA,  professor 

Alexander Osiev met this idea with enthusiasm. 

The event was held under his guidance, on 

March 25–27, 2915, in the hotel resort 

The Rebirth of Traditions or 
The 1st Russian School of young specialists 
in endovascular diagnosis and treatment. 
The course: “BASICS OF INTERVENTIONAL 
                      CARDIOANGIOLOGY”

The audience of the “School of young specialists”
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“Pushkarskaya Sloboda”. The conduction of 

this School opened a new page in the history of 

our profession. Professors Alexander Osiev, 

Victor Demin and Serguey Semitko were the 

Co-Directors of the School. Fifty leading experts 

in the field of interventional cardioangiology 

formed the Organizing Committee. During two 

days, 26 lecturers have presented 40 lectures 

and discourses dedicated to the history of the 

profession, the basic principles of catheteri-

zation of the heart and vessels, the basics 

of methodology and the safety, and the perspec-

tive trends of research. Among the invited 

lecturers, the leading Russian experts in cardiac 

surgery and interventional cardioangiology – 

Acade mician Yuri Belov, Corresponding 

Professor Victor Demin, Professor Alexander Osiev, Professor Serguey Semitko – Co-Directors of the “School”

Corr. Member of Russian Academy of Sciences 
David Iosseliani

Corr. Member of Russian Academy of Sciences
Leonid Kokov
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Members of the Russian Academy of Sciences 

David Iosseliani and Leonid Kokov – have found 

the opportunity to come and to speak before 

the audience of the “School”.

The geography of participants (in total, 

146 attendees have been registered) is really 

impressive: the young physicians came from 

44 Russian cities, from Petrozavodsk to Vladi-

vostok, and also from Kazakhstan (Astana) and 

Uzbekistan (Tashkent).  All scientific and 

methodo logical materials of the “School” are 

available at the website of RSICA:  http://www.

rnoik.ru/ru/?idx=869 

On behalf of the Organizing Committee and 

all the participants of the “School” we would like 

to express our gratitude to our partners – 

14 companies that provided financial support 

necessary for the organization of the event. 

These are our general sponsors – Cardiomedics, 

Medtronic and GE Nycomed, main sponsors – 

Abbott Vascular/Exten Medical and Terumo/

Daksmed, sponsors – Bayer, Biotronic, Vlaant, 

EGAMedical, Procardio, Raymed, Siemens. Let 

us thank the staff of the hotel resort 

“Pushkarskaya sloboda” for their hospitality 

and high level of service. The organizers of the 

event hope, that this year’s “School of young 

specialists” will be the first step on the way of 

rebirth of a tradition, will contribute to the 

reinforcement of friendship, active professional 

communications between the specialists and 

also help them to get acquainted with the 

history of our country.

Sincerely, 

Organizing Committee

Academician Yuri Belov




