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Objectives. To demonstrate a clinical case 

of successful intermittent percutaneous occlu-

sion of the coronary sinus in a patient with ST-

elevation acute coronary syndrome (STEACS) 

without hemodynamically significant athero-

sclerotic coronary lesions.

Rationale. Up to date, new ways of 

antegrade blood flow restoration in the coronary 

arteries, management of coronary spasm, and 

improvement of myocardial perfusion in patients 

with STEACS without hemodynamically 

significant atherosclerotic coronary lesions 

have been insufficiently studied.

Methods. The patient with STEACS without 

hemodynamically significant atherosclerotic 

coronary lesions underwent the percutaneous 

intermittent occlusion of the coronary sinus for 

10 minutes using the balloon catheter in the 

short-term “inflation-deflation” mode. Before 

and after intervention, the antegrade coronary 

blood flow velocity was determined and 

myocardial perfusion was evaluated using the 

TFC and QuBE methods.

Results. Coronary angiography performed 

in the examined patient with the clinical pattern 

of STEACS revealed signs of slow antegrade 

blood flow, coronary spasm, and reduced 

myocardial perfusion, mainly in the left anterior 

descending artery (LAD) (TFCLAD = 80 frames; 

dLAD = 2.0 ± 0.1 mm; QuBELAD = 11.2). Intermittent 

occlusion of the coronary sinus had a direct 

positive effect on coronary hemodynamics, 

mainly in the LAD (TFCLAD = 55 frames; 

dLAD = 2.7 ± 0.2 mm; QuBELAD = 26.8). When the 

main cardiac vein is occluded, increasing 

pressure in the venules promotes the dilatation 

of arterioles, and, consequently, improves 

myocardial perfusion in the ischemic area.

Conclusions. Intermittent occlusion of the 

main cardiac vein has a direct effect on 

restoration of antegrade coronary blood flow in 

the LAD, relieves the signs of vasospasm and 

improves myocardial perfusion.

Abbreviations
STEACS – ST-elevation acute coronary 

syndrome

ECG – electrocardiography

PCI – percutaneous coronary intervention

LAD – left anterior descending artery

* Address for correspondence:

Dr. Evgeny Shakhov

Nizhny Novgorod State Medical Academy

64, apt 41,  Belinskogo str., Nizhniy Novgorod, 603000 
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The Intermittent Percutaneous Occlusion 
of the Coronary Sinus in a Patient with ST-Elevation 
Acute Coronary Syndrome without Hemodynamically 
Significant Atherosclerotic Coronary Lesions 
(A Clinical Case)

B.Е. Shakhov1, Е.B. Shakhov1*, D.V. Petrov2, D.V. Volkov2, 

А.S. Novikov2, А.V. Nikolskiy2, К.А. Kosonogov2 

1 Nizhny Novgorod State Medical Academy of the Ministry of Healthcare of Russia
2 City Clinical Hospital No 5, Nizhny Novgorod, Russia

New ways of adequate antegrade blood flow restoration in the coronary arteries of patients with ST-elevation 

acute coronary syndrome (STEACS) without hemodynamically significant atherosclerotic coronary lesions 

have been insufficiently studied. A clinical case of a patient with STEACS without hemodynamically significant 

coronary lesions and slow antegrade blood flow in the left anterior descending artery (LAD) is described. The 

patient underwent a percutaneous intermittent occlusion of the coronary sinus for 10 minutes using the balloon 

catheter in the “inflation-deflation” mode. The procedure had a direct positive effect on coronary hemodynamics 

manifested as resolution of distal coronary spasm, improvement of myocardial perfusion and restoration of 

adequate antegrade flow in the LAD.

Key words: acute coronary syndrome, ST-segment elevation, native coronary arteries, intermittent occlusion 

of the coronary sinus, peripheral vasospasm.
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CA – circumflex artery

RCA – right coronary artery

Introduction
Currently, in 30% of patients with ST-

elevation acute coronary syndrome (STEACS) 

early invasive treatment is only limited to 

a diagnostic coronary angiography (1, 2). The 

reasons for refusal from endovascular treatment 

often are severe multivessel coronary lesions 

making an interventional cardiologist to prefer 

open-heart surgery and the lack of hemo-

dynamically significant (stenoses ≥ 50%) 

atherosclerotic coronary lesions. The latter is 

found in 10% of STEACS patients and is often 

associated with restoration of normal patency 

of the coronary arteries along with antegrade 

coronary “slow flow” phenomenon, distal 

coronary spasm, and reduction in peripheral 

myocardial perfusion (3).

New ways and technologies of adequate 

restoration of antegrade coronary blood flow, 

management of distal coronary spasm, and 

improvement of peripheral myocardial perfusion 

in patients with STEACS without hemo-

dynamically significant atherosclerotic coronary 

lesions have been insufficiently studied up to 

date, and a search for them is currently a high-

priority medical task.

We present a clinical case of successful 

application of a new method – intermittent 

percutaneous occlusion of the coronary sinus in 

a patient with STEACS in the lack of 

hemodynamically significant atherosclerotic 

coronary lesions.

Clinical case

Patient S., 34 y.o., without coronary history was 

admitted to the Cardiology Department of GBUZ NO 

City Clinical Hospital No 5 of Nizhniy Novgorod 

complaining of intense pressing chest pain lasting 

more than 60 minutes and occurred after heavy 

physical exercise (Table 1). The pain could not be 

managed with non-steroidal anti-inflammatory drugs 

and was accompanied by increased blood pressure 

up to 210/100 mm Hg.

The clinical and electrocardiographic (ECG) 

pattern of STEACS was identified in the patient at the 

stage of initial medical contact; there were ischemic 

changes in anterior thoracic leads (Figure 1). Basic 

therapeutic treatment with opioid analgesics and 

antiplatelet agents, including loading dose of 

ticagrelor (180 mg) was started.

The patient was urgently admitted to the vascular 

center: the time ’initial medical contact – vascular 

center‘ was 20 minutes. On examination in the 

Cardiology Department: clinical stabilization, i.e., 

pain was relieved and blood pressure was reduced. 

Evidence of increasing improvement of ECG pattern 

was noted (Figure 2).

Electrocardiographic signs of reduction in ST 

segment elevation and wave T amplitude were found 

in leads V1–V3 (Table 2).

Despite the positive clinical and ECG changes, 

the patient was transferred to X-ray operating room 

equipped with angiographic complex Innova 3100-

IQ (GE Medical Systems, France) to perform 

emergency percutaneous coronary intervention 

(PCI). The time from initial medical contact to PCI 

was 52 minutes.

Selective coronary angiography showed: right 

coronary blood flow. The left anterior descending 

artery (LAD) and its branches were without 

hemodynamically significant stenoses, the distal 

Table 1. Characteristics of Patient S., 34 y.o.

                                 History Yes/No

 Risk factors for coronary heart disease 

  smoking Yes

  arterial hypertension Yes

  genetic predisposition No

  hyperlipidemia No

  diabetes mellitus No

  history of myocardial infarctions No

  previous coronary surgery No

 Medical therapy with 

  analgesics Yes

  nitrates No

  beta blockers No

  calcium antagonists No

  aspirin No

  lipid lowering drugs No

Table 2. Comparative assessment of the main hemodynamical parameters in the patient with STEACS at the preoperative 
stage

                 
Cardiac hemodynamics parameters

 Initial  Vascular  Improvement  
  medical contact center (%)

 ECG pattern in thoracic leads – V1–V3   
      ST elevation (mV) 0.28 0.08 71.5
      wave T amplitude (mV) 0.84 0.31 63.1

 Heart rate (bpm) 92 70 24.0

 Systolic blood pressure (mm Hg) 210 140 33.4

 Diastolic blood pressure (mm Hg) 100 80 20.0
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arterial segments were narrow, with abrupt 

deceleration of contrast passage to the distal parts 

of the LAD (Figure 3).

The circumflex artery (CA) and obtuse marginal 

branches have no hemodynamically significant 

stenoses, the distal parts of the arteries are narrow. 

The right coronary artery (RCA) and its branches 

have no hemodynamically significant stenoses, 

there is an evidence of moderate atheromatosis in 

the middle part of the RCA stenosing the arterial 

lumen to 20%.

The antegrade blood flow velocity in the LAD, CA, 

and RCA and peripheral myocardial perfusion were 

assessed using the TFC and QuBE techniques, 

Figure 2. ECG pattern of reduction in ST segment elevation and wave T amplitude in V1–V3 leads.

Figure 1. ECG pattern of ST segment elevation and wave T amplitude in V1–V3 leads.
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respectively (4–6). Coronary blood flow and 

myocardial perfusion were analyzed at least in three 

angiographic projections recorded at a rate of 30 fps 

after intracoronary administration of nitroglycerin. 

The diameters of distal parts of the left and right 

coronary arteries were calculated using densitometric 

analysis of coronary stenoses (Table 3). A marked 

slowing of the antegrade coronary blood flow was 

diagnosed; the signs of distal coronary spasm in the 

left coronary artery branches and reduced peripheral 

myocardial perfusion were detected (Figure 3).

To manage the pronounced slowing of the 

antegrade coronary blood flow, distal coronary 

spasm in the left coronary artery branches, and to 

increase peripheral myocardial perfusion, a decision 

was made to perform intermittent percutaneous 

temporary occlusion of the coronary sinus in the 

patient with STEACS. Heparin 10,000 IU was 

intravenously administered to achieve an activated 

clotting time of 250–300 seconds.

To access the cardiac venous system, the right 

subclavian vein was punctured and a delivery system 

was installed in the orifice of the coronary sinus. The 

standard dual-lumen balloon catheter Swan-Ganz 

7F was placed in proximal part of the main cardiac 

vein over the delivery system. The balloon catheter 

was thoroughly positioned near the orifice of the 

coronary sinus before the small cardiac vein inflow. 

In such a position the catheter completely stopped 

outflow through the main cardiac vein to the right 

atrium when the end balloon was maximally dilated. 

When the coronary sinus was temporary occluded, 

a free inner lumen of the balloon catheter was 

connected to the invasive pressure probe integral to 

the diagnostic complex GE Healthcare Mac-Lab/

Specials Lab 6.8 (GE Medical Systems, USA). The 

time spent for catheterization of the cardiac venous 

system and positioning of the balloon catheter was 

12 minutes.

Intermittent percutaneous occlusion of the 

coronary sinus was performed for 10 minutes using 

the balloon catheter in the short-term “inflation-

deflation” mode according to the method described 

by Van de Hoef T. P., Nolte F., Delewi R. et al., 

followed by obligatory control angiography 3 

minutes after completion of this procedure (7). No 

blood outflow from the coronary sinus to the right 

atrium was confirmed angiographically when 

contrast phlebography was performed. The invasive 

measurement of blood pressure in the coronary 

sinus played an important role in determining the 

adequacy of temporary occlusion (Table 4).

Figure 3. Angiographic signs of slowing passage of the contrast medium to the LAD: а – ”pulsing” delayed opacification 
of the LAD; b – narrow, spastic distal parts of the LAD with the evidence of reduced peripheral myocardial perfusion.

ba

Table 3. Calculation of the antegrade coronary blood flow velocity and assessment of peripheral myocardial perfusion in the 
patient with STEACS

                                                  TFS  Mean diameter (d)  QuBE
                   Analyzed artery     Number of frames of the distal segment (mm) (score)

      LAD 80 2.0 ± 0.1 11.2

      First obtuse marginal branch 66 1.7 ± 0.2 12.3

      Posterolateral branch of the RCA 42 3.1 ± 0.1 15.3
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During intermittent occlusion of the coronary 

sinus, the patient’s hemodynamical parameters were 

stable, there was no pain. The primary hemodynamical 

parameters were evaluated 3 minutes after 

completion of the coronary sinus occlusion. Evidence 

of improved ECG pattern was noted (Figure 4).

Reductions in ST segment elevation and wave T 

amplitude were found in leads V1–V3 (Table 5).

Follow-up angiogram was performed. The 

antegrade blood flow velocities in the LAD, CA, and 

RCA were significantly increased; the distal coronary 

spasm in the left coronary artery branches was 

resolved; the distal branches of the left coronary 

artery were dilated and peripheral myocardial 

perfusion improved (Figure 5).

The signs of improved peripheral myocardial 

perfusion were clearly detected (Table 6).

Given the improvement of angiographic, 

electrocardiographic and clinical signs, the 

intervention was finished. Antiplatelet therapy was 

adjusted, calcium antagonists were prescribed.

Discussion
This clinical case demonstrates an original 

approach to restoration of adequate antegrade 

blood flow in the coronary arteries, resolution 

of the distal coronary spasm and improvement 

of the peripheral myocardial perfusion in 

patients with STEACS without hemodynamically 

significant atherosclerotic coronary lesions. 

Intermittent percutaneous occlusion of the 

main cardiac vein with induced myocardial 

ischemia, as an experimental approach, 

appeared in the middle of the 20th century, as 

an extension of the concept of retrograde 

perfusion of the coronary sinus proposed by 

Meerbaum S. et al. (8, 9). However, it was 

implemented in clinical practice in the 21st 

Table 4. Peculiarities of the intermittent percutaneous occlusion of the coronary sinus and criteria of its adequacy

                   Intermittent percutaneous occlusion of the coronary sinus Parameter

 Maximum duration of the procedure (sec) 600

 Number of inflation sessions 20

 Mean time of balloon inflation (sec) 19.0 ± 5.5

 Number of deflation sessions 20

 Mean time of balloon deflation (sec) 13.2 ± 4.3

 Mean time to “plateau” of wedge pressure in the sinus (sec) 14.5 ± 4.8

 Mean baseline pressure in the coronary sinus (mm Hg) 4.6 ± 1.7

 Mean wedge pressure in the coronary sinus (mm Hg) 31.8 ± 6.8

Figure 4. Improvement of ECG pattern after intermittent percutaneous occlusion of the coronary sinus (significant 
reduction in ST segment elevation and wave T amplitude in leads V1–V3).
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century by Van de Hoef T. P., Nolte F., Delewi R. 

et al. who demonstrated effective management 

of the peripheral myocardial perfusion via 

intermittent occlusion of the main cardiac vein 

in patients with STEACS (7, 9). Considering 

changes in cardiac hemodynamics demon-

strated by researchers in patients with acute 

coronary syndrome after the intermittent 

occlusion of the cardiac venous system, we 

decided to use this technique in our patient with 

acute myocardial ischemia and hemodynamically 

insignificant coronary lesions. 

So, coronary angiography revealed hemo-

dynamically insignificant coronary lesions in our 

patient with the sudden onset and rapid 

reduction of symptomatic acute coronary 

syndrome with ST elevation in V1-V3 leads. The 

patient had the signs of slowing antegrade 

blood flow, distal coronary spasm, and reduced 

peripheral myocardial perfusion mainly in the 

vascular territory of the left anterior descending 

artery (TFCLAD = 80 frames; dLAD = 2.0 ± 0.1 mm; 

QuBELAD = 11.2). According to Ong P, 

Athanasiadis A., Hill S. et al., such angiographic 

pattern may be explained by spontaneous 

thrombolysis in the LAD epicardial segments. 

In scientists’ opinion, the lysis of thrombotic 

masses leads to microvascular embolism 

accompanied with peripheral coronary spasm 

and myocardial microcirculatory dysfunction. It 

should be noted that STEACS occurrence at 

the stage of initial medical contact in our patient 

Figure 5. Angiographic signs of improved passage of the contrast medium to the LAD: а – increased velocity of 
contrast medium passage through the LAD; b – dilatation of the distal LAD, improvement of the myocardial perfusion.

ba

Table 5. Comparative assessment of the main hemodynamical parameters in the patient with STEACS at the postoperative 
stage

                 
Cardiac hemodynamics parameters

 Initial  Vascular  Improvement  
  medical contact center (%)

 ECG pattern in thoracic leads – V1–V3   
     ST elevation (mV) 0.08 0.04 50.0
       wave T amplitude (mV) 0.31 0.20 35.5

 Heart rate (bpm) 70 66 5.7

 Systolic blood pressure (mm Hg) 140 130 7.1

 Diastolic blood pressure (mm Hg) 80 75 6.3

Table 6. Calculation of the antegrade coronary blood flow velocity and assessment of peripheral myocardial perfusion in the 
patient with STEACS

                                                  TFS  Mean diameter (d)  QuBE 
                  Analyzed artery     Number of frames of the distal segment (mm) (score)

  LAD 55 2.7 ± 0.2 26.8

  First obtuse marginal branch 46 2.2 ± 0.2 23.4

  Posterolateral branch of the RCA 37 3.3 ± 0.1 17.6
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can be also explained by vasospasm-induced 

thrombosis of the left anterior descending 

artery after heavy physical exercise (3).

The intermittent percutaneous occlusion of 

the coronary sinus was performed according to 

the method developed by Van de Hoef T. P., 

Nolte F., Delewi R. et al. and had a direct 

positive effect on coronary hemodynamics, 

mainly in the vascular territory of the LAD 

(TFC@LAD = 55 frames; d@LAD = 2.7 ± 0.2 

mm; QuBE@LAD = 26.8) (7). When the main 

cardiac vein is occluded, the venous outflow 

from the venules into the coronary sinus 

becomes difficult. Increasing pressure in the 

venules promotes the dilation of the arterioles 

and, consequently, improves peripheral 

perfusion of the ischemic myocardium. 

Intermittently increased pressure in the cardiac 

arteriole-venular system affects the baro recep-

tors of the vascular endothelium, thus indirectly 

inducing release of the vascular endothelial 

growth factor (VEGF) and activation of neo-

angio genesis and angiorelaxation. A transient 

increase in venous pressure contributes to the 

dilatation of cardiac arteriole-venular micro-

circulation system, which in turn facilitates 

washout of mediators supporting inflammation, 

lipid peroxidation, and apoptosis (10). As a 

result, antegrade blood flow through the main 

coronary vessels is accelerated (Figure 6).

Conclusions
Intermittent percutaneous occlusion of the 

coronary sinus can be used in case of 

hemodynamically insignificant atherosclerotic 

coronary lesions and electrocardiographic 

pattern of STEACS in V1–V3 leads. Temporary 

occlusion of the main cardiac vein has a direct 

effect on restoration of antegrade coronary flow 

in the LAD, resolves the signs of vasospasm 

and improves peripheral myocardial perfusion 

as well as indirectly improves the electro-

cardiographic pattern after spontaneous 

thrombo lysis.
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Aim. The aim of this study was to investigate 

the efficacy and safety of percutaneous 

coronary interventionafter thrombolytic 

reperfusion withindirect reperfusion signs in 

elderly patients with acute myocardial infarction. 

Material and methods. Patients aged ≥75 

years with acute myocardial infarction and 

successful thrombolysis were included in this 

study. The criterion of exclusion was death in 

the first day of admission to hospital. A total of 

96 patient charts were used for the analysis. 

Results. In these patients, 31% of patients 

were selected for delayed PCI. In comparison, 

patients, not selected for PCI, were older, more 

often were women, more often had stroke 

in anamnesis, and less often presented with 

cardiogenic shock. Coronary angiography in 

patients with electrocardiographic signs of 

reperfu sion demonstrated the presence of 

occlusion of infarct-related artery in 56.7% 

of cases. The stent implantation was performed 

in 70% of cases. The reasons for non-

performance of stent implantation were severe 

coronary disease with calcinosis (67%) and the 

stenosis ≤70% which did not require angioplasty 

(37%). The rates of recurrent myocardial 

infarction (ReMI) and lethality in patients aged 

≥75 years with acute myocardial infarction (MI) 

as well as electrocardiographic signs of 

reperfusion after thrombolysis did not differ 

between groups of conservative therapy and 

delayed PCI: ReMI was 9.1% vs 6.7% and 

lethality – 13.6% and 10.0% accordingly. 

Conclusion. The routine delayed PCI 

performing in elderly patient with acute 

myocardial infarction after successful 

thrombolysis is safe but its benefit remains still 

unclear.

Abbreviations:
CA – coronary artery

CAG – coronary angiography

AMI – acute myocardial infarction

CVA – cerebrovascular accident

TLT – thrombolytic therapy

PCI – percutaneous coronary intervention

LVEF – left ventricular ejection fraction

Introduction
According to the current clinical guidelines, 

all patients with ST-elevation acute myocardial 

infarction (AMI) after successful thrombolytic 

therapy (TLT) should undergo coronary 

angiography (CAG) and, if indicated, percu-

taneous coronary intervention (PCI) (1). 

However, the guidelines are based on studies 

that usually include a very small proportion 

older patients compared to general population 

(2, 3, 4). As a consequence, the mortality 

rate in observational studies (registries) is 

significantly higher than in randomized studies. 
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Therefore, the guidelines for routine PCI after 

successful thrombolysis in elderly patients are 

less convincing than for younger patients.

On one hand, according to the published 

results, full compliance with the guidelines for 

pharmacoinvasive reperfusion improves 

prognosis even in patients ≥85 y.o., (5). 

However, conflicting data also exist. In optional 

analysis from TRANSFER-AMI trial of 

pharmacoinvasive revascularization, patients 

were divided by risk of mortality according to 

GRACE scale at the time of admission (6). The 

low/moderate and high risk groups included 

patients with a risk of <5% and ≥5%, respectively. 

It was found that pharmacoinvasive reperfusion 

reduced the incidence of the composite 

endpoint in the low/moderate risk group: 2.9% 

versus 8.1% (p < 0.001), but PCI routinely 

performed after thrombolysis in the high risk 

group worsened outcomes: 27.8% versus 

13.8% (p = 0.025) and this difference maintained 

for 1 year. Age is one of the main criteria in the 

GRACE scale. Mean age in the low/moderate 

and high risk groups was 55 and 75 y.o., 

respectively. Based on these results, post-

thrombolytic routine PCI may be unjustified 

in older patients, especially those with signs 

of reperfusion in the infarct-related coronary 

artery (CA).

Aim. Analysis of the effectiveness and safety 

of delayed PCI in patients ≥75 y.o. with AMI after 

successful thrombolysis.

Material and methods
Case histories of the Emergency Cardiology 

Department of the Research Institute for 

Cardiology (Tomsk) for 2010–2014 were 

retrospectively analyzed. The study included 

patients ≥75 y.o with AMI who underwent TLT 

and had indirect signs of coronary reperfusion 

on ECG (reduction of ST elevation by ≥50% in 

the informative leads). The exclusion criterion 

was death within the first 24 hours. 96 case 

histories were selected according to these 

criteria. The clinical and historical characteristics 

of patients on admission, CAG results, PCI 

effectiveness, incidence of complications and 

outcomes were analyzed. This analysis compa-

red patients who continued conservative therapy 

and who underwent routine delayed PCI.

The results were statistically processed 

using STATISTICA 8.0 for Windows. Distribution 

was checked for normality using Kolmogorov–

Smirnov test with Lilliefors correction. Quan-

titative variables were presented as Me (25–

75%Q), where Me is median and (25–75%Q) – 

interquartile range. Intergroup differences were 

assessed using Mann–Whitney U-test. 

Comparative analysis of categorical indepen-

dent variables was performed using χ2 test 

or Fisher’s exact test for 2 × 2 tables for 

expected value of < 5 in the table cell. The 

critical significance p-level in all procedures of 

statistical analysis was 0.05.

Results
Among 96 AMI patients ≥75 years after 

successful TLT, only 30 patients (31%) were 

referred for delayed PCI within 24 hours after 

TLT as a part of pharmacoinvasive reperfusion 

strategy. The remaining patients continued 

conservative therapy. The main clinical and 

historical characteristics of the patients from 

Group 1 (conservative therapy) and Group 2 

(delayed PCI) on admission and parameters 

of thrombolytic therapy are shown in Table 1. 

The patients who were not referred for PCI after 

successful TLT were older: 81 y.o. versus 

77 y.o. (р < 0.01), more often were women: 

71.2% versus 46.7% (р < 0.05), more often had 

a history of stroke: 18.2% versus 3.3% 

(р < 0.05), and less frequently were diagnosed 

with cardiogenic shock: 3% versus 10% 

(р < 0.05), streptokinase was the most common 

thrombolytic agent: 78.8% versus 53.3% 

(р < 0.01).

The treatment results are presented in 

Table 2. Despite the fact that all patients had 

indirect evidence of myocardial reperfusion 

after TLT, diagnostic CAG in 5 patients from 

Group 2 (16.7%) revealed total CA occlusion 

(TIMI-0) and in 12 patients (40%) the blood flow 

was consistent with TIMI-1. Thus, there was no 

blood flow in the infarct-related CA in 56.7% 

of cases. The blood flow was TIMI-2 and TIMI-3 

in 8 (26.6%) and 5 (16.7%) patients, respectively. 

Among all these patients, angioplasty and CA 

stenting were performed and blood flow TIMI-3 

was achieved only in 70% of cases (21 patients). 

In other cases, interventions were limited to 

diagnostic CAG. The reasons for non-perfor-

mance of PCI were as follows: complex coronary 

anatomy with calcification – 6 patients (66.7%), 

residual stenoses of <70% requiring no 

angioplasty – 3 patients (33.3%).

Medical therapy did not differ between the 

groups. The incidence of recurrent AMIs did 

not significantly differ: 6 patients (9.1%) and 

2 patients (6.7%) in Group 1 and Group 2, 

respectively. In 2 patients from Group 1 the 

disease was complicated by ischemic stroke. 

No hemorrhagic strokes were observed. Only 
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moderate and massive bleedings according to 

the TIMI criteria were analyzed for statistical 

processing. No massive bleedings were 

observed in both groups . The incidences of 

moderate bleedings did not significantly differ: 

13 (19.7%) versus 10 (33.3%) in Group 1 and 

Group 2, respectively. Contrast-induced 

nephropathy after CAG/PCI was observed in 

2 patients (6.7%). In-hospital mortality between 

the groups did not differ: 9 patients (13.6%) 

versus 3 patients (10%) in Group 1 and Group 2, 

respectively.

Discussion
According to the data from this study, referral 

for delayed PCI after successful thrombolysis 

depends on age among elderly patients: the 

older the patient, the rarer the procedure. This 

fact corresponds to the literature data, in which 

age is considered as one of the reasons to 

abstain from invasive procedure (7, 8). This 

pattern persists in patients ≥75 y.o. as well. 

With older age, PCI is limited by increased 

number of co-morbidities and more severe 

coronary lesions. In this study, one of the 

reasons to abstain from PCI was a history of 

cerebral vascular accident (CVA): its incidence 

was higher in the non-PCI group compared to 

PCI group. Firstly, it is a sign of multifocal 

atherosclerosis suggesting more severe coro-

nary lesions and reducing the chance to perform 

PCI after diagnostic CAG. Secondly, the baseline 

patient’s functional status is considered when 

deciding on PCI. If his/her status prior to AMI 

was severe (patient with a history of CVA was 

restricted in his/her movements, poorly took 

care of himself/herself), it is usually an additional 

reason to abstain from PCI.

On the contrary, the cardiogenic shock is an 

indication for PCI, and the results of this study 

confirm the implementation of this clinical 

guideline: PCI group included significantly more 

patients with cardiogenic shock.

Although streptokinase as a thrombolytic 

agent was used in more than a half of the cases 

in both groups, in older patients (Group 1) 

Table 1. Clinical and historical characteristics of patients 

  
Successful TLT

 Successful TLT 
                        

66 pts
 followed by PCI,   p

   30 pts

 Age, Me (Q1-Q3) 81 (78–84) 77 (75–82) <0.01

 Sex:  F 47 (71.2%) 14 (46.7%) <0.05
          M 19 (28.8%) 16 (53.3%) 

 Localization of MI:   ns
     Anterior 26 (39.4%) 12 (40%) 
     Posterior 37 (56.1%) 15 (50%) 
     Circular 3 (4.5%) 3 (10%) 

 PICS 19 (28.8%) 7 (23.3%) ns

 DM 22 (33.3%) 8 (26.7%) ns

 Smoking 10 (15.2%) 9 (30%) ns

 Obesity 21 (31.8%) 7 (23.3%) ns

 AH 62 (93.9%) 27 (90%) ns

 Dyslipidemia 51 (77.3%) 28(93.3%) ns

 Renal failure 23 (34.8%) 8 (26.7%) ns

 Cancer 5 (7.6%) 3 (10%) ns

 History of CVA 12 (18.2%) 1 (3.3%) <0.05

 Killip   
         1 39 (59.1%) 10 (33.3%) <0.05
         2 18 (27.3%) 14 (46.7%) 
         3 7 (10.6%) 3 (10%) 
         4 2 (3%) 3 (10%) 

 TLT administration:   ns
     pre-hospital stage 25 (37.9%) 17 (56.7%) 
     in-hospital stage 41 (62.1%) 13 (43.3%) 

 Drug:    
         streptokinase 52 (78,8%) 16 (53,3%) <0,01
         alteplase 2 (3%) 1 (3,3%) 
         tenecteplase 3 (4,6%) 10 (33,3%) 
         prourokinase 9 (13,6%) 3 (10,1%) 

 Time “MI-TLT”, min 177.5 (115–340) 207.5 (130–330) ns
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it was used more frequently than in “younger” 

patients (Group 2). As early as in 1993, GUSTO-1 

study comparing streptokinase and alteplase 

demonstrated less frequent hemorrhagic stro-

kes with streptokinase: 0.54% versus 0.72%. 

Increased risk of intracranial bleedings related 

to tissue plasminogen activators compared to 

streptokinase was confirmed by subsequent 

meta-analyses and registers (9). A history 

of CVA is associated with an increased risk 

for hemorrhagic stroke. Therefore, for safety 

reasons it seems quite natural to use strepto-

kinase in older patients with a history of CVA. 

Currently, alteplase and tenecteplase are used 

more and more frequently, therefore strepto-

kinase has become less important but retains 

its place in the guidelines (1); there is no reason 

to completely abandon this drug, especially 

given its advantage in terms of safety in patients 

with an increased risk for hemorrhagic stroke.

Although all patients after thrombolysis had 

indirect ECG signs of CA reperfusion, delayed 

CAG in patients from Group 2 revealed no 

coronary blood flow in the infarct-related CA in 

56.7% of cases. Therefore, currently used 

indirect signs of coronary reperfusion (reduction 

of ST elevation by ≥50%) usually don’t reflect 

epicardial blood flow restoration in elderly 

patients. It can be assumed that decrease in ST 

elevation in this case reflects only improvement 

of myocardial tissue perfusion, possibly as 

a result of improved collateral blood flow.

To assess the degree of myocardial perfusion 

(“blush”), TIMI myocardial perfusion grade 

(TMP grade) is used (10). This parameter is 

known to be an independent predictor of out-

come. And the lowest mortality was observed in 

patients with proper TIMI 3 blood flow in the 

epicardial artery in combination with restored 

TMP grade 3 (11). Therefore, improved myo-

Table 2. Treatment and results

  Successful TLT Successful TLT 
    without PCI followed by PCI,    p
  66 pts 30 pts

 Pre-PCI CA blood flow (by TIMI)  
     0  5 (16.7%)
     1  12 (40%)
     2  8 (26.6%)
     3  5 (16.7%)

 PCI/only CAG  21 (70%)/9 (30%)

 Number of stents:  
     0 (only CAG)  9 (30%)
     1  19 (63.3%)
     2  2 (6.7%)

 Post-PCI CA blood flow (by TIMI):  
     0  1 (3.3%)
     1  1 (3.3%)
     2  7 (23.4%)
     3  21 (70%)

 Type of stent:   
     bare metal stent  17 (81%) 
     drug-eluting stent  4 (19%) 

 Reason for non-performance of PCI:   
     complex CA anatomy  6 (66.7%) 
     stenosis <70%  3 (33.3%) 

 ACE inhibitors 55 (83.3%) 27 (90%) ns

 β-adrenoblockers 62 (93.9%) 26 (86.7%) ns

 Diuretics 36 (54.5%) 21 (70%) ns

 Antiaggregants  66 (100%) 30 (100%) ns

 Anticoagulants 66 (100%) 30 (100%) ns

 Bleedings (moderate by TIMI) 13 (19.7%) 10 (33.3%) ns

 Contrast-induced nephropathy  2 (6.7%) 

 No-reflow phenomenon  2 (6.7%) 

 LV ejection fraction (%) 51 (45-58) 53 (45-60) ns

 Recurrent MI 6 (9.1%) 2 (6.7%) ns

 CVA 2 (3%) 0 (%) ns

 Death 9 (13.6%) 3 (10%) ns



18

INTERVENTIONAL CARDIOLOGY

№ 41,  2015

cardial perfusion does not imply refusal to 

restore antegrade blood flow in the epicardial 

coronary artery. According to the results of this 

study, the indirect ECG signs of coronary 

reperfusion in most cases do not reflect 

restoration of antegrade blood flow in the 

infarct-related CA in elderly patients; therefore, 

it is logical to conclude that all these patients, 

despite positive ECG changes, require not 

delayed but rescue PCI. But this approach has 

not been studied and its efficacy and safety are 

still unclear.

In most patients referred for an invasive 

procedure (70% of cases), PCI with stenting 

could be performed. The rate of PCI-related 

complication seems to be quite low. Insignificant 

increase in the number of bleedings in the PCI 

group was caused by bleedings from the 

femoral artery puncture site. Currently, this 

problem is solved by more frequent use of 

radial access and use of devices “suturing” 

the femoral artery puncture site. Post-PCI 

contrast-induced nephropathy was observed 

only in 2 patients (6.7%). Additionally, no-reflow 

phenomenon was noted in 2 patients (6.7%) 

after mechanical recanalization of occluded CA. 

Therefore, delayed PCI performed as recom-

mended in the analyzed patients appears to be 

relatively safe, but its benefit requires additional 

confirmation. With more patients, the number 

of recurrent AMIs after PCI can statistically 

significantly decrease. The same result is 

possible in case of long-term follow-up.

When analyzing the results of this study, it 

should be considered that patients who died 

within 24 hours were not included in the analysis. 

Among these patients, many subjects are 

admitted very late, with a long delay from the 

disease onset, with contraindications for 

antithrombotic therapy, and often with signs 

of refractory cardiogenic shock. All therapeutic 

measures, including reperfusion, are ineffective 

in these patients. According to the guidelines, 

these patients require primary PCI; therefore, 

to examine TLT efficacy in them is unreasonable. 

To obtain more homogeneous material suitable 

for statistical processing, it was decided to 

exclude them from the study. Therefore, it is 

necessary to consider that the most severe 

patients remained beyond the scope of this 

analysis, and, consequently, conclusions.

It also should be noted that the left ventricle 

ejection fraction was preserved in the examined 

patients from both groups: on average >50%. 

Given that the analysis did not include the 

patients who died within the first 24 hours after 

admission, it can be assumed that the patients 

with very low ejection fraction died within these 

24 hours. Therefore, the obtained results and 

conclusions are valid for patients with preserved 

LVEF, which can be defined, given the dispersion 

of values, probably as ≥45%.

Conclusions
Among patients ≥75 y.o. with acute 

myocardial infarction after successful 

thrombolytic therapy, only 31% are referred to 

delayed PCI as part of pharmacoinvasive 

myocardial reperfusion.

In patients ≥75 y.o., older age, previous CVA 

and lack of cardiogenic shock are associated 

with less frequent referral for delayed PCI after 

successful thrombolytic therapy.

In patients ≥75 y.o. with indirect signs of myo-

cardial reperfusion after thrombolytic therapy, 

there was no blood flow in the infarct-related 

coronary artery in 56.7% of cases (TIMI 0-1).

Coronary angiography and delayed percu-

taneous intervention (CA stenting) in patients 

≥75 y.o. with acute myocardial infarction after 

thrombolytic therapy with indirect signs of 

coronary reperfusion are performed as a part of 

pharmacoinvasive reperfusion in 70% of cases. 

In other cases, PCI cannot be performed most 

commonly due to severe coronary disease.

There were no differences in the incidences 

of recurrent myocardial infarction and mortality 

in patients ≥75 y.o. with indirect signs of 

myocardial reperfusion after successful 

thrombolytic therapy between the continued 

conservative therapy group and delayed PCI 

group. Therefore, the appropriateness to refer 

elderly patients for routine PCI after successful 

thrombolysis requires additional confirmation.
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List of abbreviations:
CHD – coronary heart disease

AC – artificial circulation

MI – myocardial infarction

CABG – coronary artery bypass grafting

CA – circumflex artery

CVA – cerebrovascular accident

RCA — right coronary artery

LAD – left anterior descending artery

PCI – percutaneous coronary intervention

BMS – bare metal stent

DES – drug-eluting stent

MID CAB – minimally invasive direct coronary 

artery bypass

OPCAB – off-pump coronary artery bypass

Today, coronary artery bypass grafting and 

percutaneous coronary intervention are the 

most common options of myocardial 

revascularization. To combine the benefits of 

both treatment options and eliminate their 

disadvantages, a hybrid method of myocardial 

revascularization including mammary bypass 

grafting to the left anterior descending artery 

and percutaneous coronary intervention for 

other coronary vessels was proposed. The 

hybrid revascularization may be performed 

either simultaneously in a hybrid operating 

room, or in two steps. The first step may 

include either percutaneous coronary 

intervention or left internal thoracic artery 

bypass grafting. The sequence of the steps 

in the hybrid approach is still disputable; each 

option has its advantages and disadvantages. 

Currently, there are no clear recommendations 

on hybrid revascularization in patients eligible 

for coronary bypass grafting and percutaneous 

coronary intervention. European guidelines 

on myocardial revascularization – 2014 

demonstrate the lack of consensus on the 

place of hybrid revascularization; in these 

guidelines the indications for hybrid procedures 

are IIB class, the level of evidence is C (experts’ 

opinion). Only prospective randomized studies 

will determine the place of the hybrid method 

among other options of myocardial 

revascularization. One study ”Hybrid 

REvascularization Versus Standards (HREVS)” 

(http://www.clinicaltrials.gov/ct2/show/

NCT01699048) comparing three methods of 

myocardial revascularization was initiated at 

our site.

Coronary heart disease (CHD) remains the 

leading cause of disability and mortality of 

working populations worldwide. In Russia, 

more than half of all deaths are caused by the 

cardiovascular diseases. Among cardiovascular 

diseases, the main is coronary heart disease 

accounting for more than half of deaths from 

cardiovascular diseases.

Myocardial revascularization improves 

quality of life and long-term results in CHD 

patients which is confirmed by numerous 

studies and is the reason for its wide distribution 

(1). Today coronary artery bypass grafting 

(CABG) and percutaneous coronary intervention 

(PCI) are the most common options of 

myocardial revascularization.
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The issue of choosing the optimal strategy of 

revascularization remains controversial and 

depends on many factors, such as morphology 

and localization of coronary lesions, co-

morbidities and possible use of dual antiplatelet 

therapy (2, 3). CABG, since its introduction in 

practice by R. Favaloro and D. Effler in 1967, 

has become one of the most important surgeries 

in the history of medicine. Although CABG is an 

established approach in myocardial 

revascularization, rapidly developing PCI and 

medical therapy are prerequisites for alternative 

minimally invasive options.

The main advantage of CABG over PCI is the 

left internal thoracic artery grafting to the left 

anterior descending artery (LAD), which is an 

independent predictor of survival and lack of 

need for repeated revascularization in the long-

term period (4, 5). Additionally, the long-term 

patency of arterial grafts is apparently higher 

compared to venous ones. The lifespan of 

mammary graft makes it optimal conduit for 

LAD revascularization. According to some 

authors, 5-year patency of the internal thoracic 

artery is 96% and slightly reduces to 93% by 

Year 15 (6). However, bypass technique plays 

an important role in the mammary graft 

functioning. For example, Hayward et al. 

demonstrated 96% 5-year patency of the grafts 

in situ, while mammary grafting with free conduit 

decreased the patency to 89% (7).

The main CABG disadvantages are inva-

siveness and high probability of perioperative 

complications (post-CABG MI 10%, post-CABG 

stroke 1.4–3.8%, infectious complications 

2–6%, mediastinitis 0.45–5%) (8–11). Off-

pump beating CABG does not solve the problem 

of perioperative complications. A certain 

positive shift occurred when Benetti suggested 

the left-sided minithoracotomy for LAD bypass 

grafting using the internal thoracic artery (12), 

this technique is called MID CAB (minimally 

invasive direct coronary artery bypass). The 

procedure widely used by Calafiore (13) could 

be considered a natural development of the 

“beating heart” technique, because it empha-

sized the potential of minimal access for 

coronary bypass surgery. However, the minimal 

accesses are of limited use in multivessel 

coronary lesions (14–17).

Another CABG-related disadvantage is a 

high likelihood of failure of the venous grafts 

in the long-term period, but currently they 

are most commonly used. The probability of 

dysfunction of the venous grafts ranges from 

13% to 29% during Year 1 and up to 50% in 

10 years, respectively (18). Besides dis-

advantages, CABG has a number of limitations 

that increase surgery-related risks: advanced 

age, reduced ejection fraction, history of stroke, 

diffuse atherosclerosis and aortic calcification, 

concomitant pulmonary pathology, and renal 

dysfunction (19).

The main advantages of PCI over CABG are 

lower invasiveness, rapid recovery and lower 

incidence of perioperative complications (in-

hospital mortality 1.27%, PCI-related MI 15%, 

PCI-related CVA 0.22%, access site compli-

cations 2–6%) (20). Currently, there is a growing 

number of evidence suggesting satisfactory 

long-term results of PCI using bare metal stents 

(BMS), especially drug-eluting stents (DES) 

(21, 22). It has been well established that DES 

reduce significantly the incidence of in-stent 

restenosis and, consequently, the rate of 

repeated revascularization. A meta-analysis 

of 38 randomized studies comparing the 

immediate and long-term (up to 4 years) results 

of DES (sirolimus and paclitaxel) and BMS 

implantations was performed. The total number 

of patients was 18,023. The groups did not 

significantly differ in the rates of death and 

myocardial infarction, while the rates of repeated 

revascularization were 20%, 7.1%, and 5.1% 

in the BMS group, paclitaxel-eluting stents 

group, and sirolimus-eluting stents group, 

respectively (p < 0.001 versus BMS) (22).

Although the comparative data on venous 

grafts versus stents are limited, the PCI results 

in respect of repeated revascularization in both 

target lesions and non-LAD target vessels are 

similar to venous grafts or radial arterial grafts 

(23, 24).

A meta-analysis of 10 randomized trials 

comparing the long-term results of CABG and 

PCI in 7,000 patients showed no difference in 

the rates of death and myocardial infarction 

(MI) in the long-term period of 8 years (25). 

However, several studies demonstrated the 

superiority of CABG over medical therapy and 

PCI in multivessel coronary lesions. According 

to the Syntax study, the analysis of the primary 

endpoints including MACCE (death, MI, stroke, 

repeated revascularization) in patients with 

multivessel disease demonstrate significant 

differences between the PCI and CABG groups 

if Syntax Score is >22 (26).

To combine the benefits of both treatment 

options and eliminate their disadvantages, a 

hybrid method of myocardial revascularization 

including mammary bypass grafting to the LAD 

and PCI of non-LAD vessels was proposed. 
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Holzhey defined the hybrid technique of blood 

flow restoration in the multivessel coronary 

lesions as LAD grafting using mammary 

coronary bypass graft in situ and combined PCI 

of other coronary vessels within 3 days (27). 

In 1996, Angelini et al. published the first 

experience of hybrid coronary revascularization 

(28). The concept of hybrid revascularization 

is based on the successful results of the LAD 

grafting using the left internal thoracic artery via 

minimally invasive technique without sternotomy 

or manipulation of the aorta (MID CAB), which 

reduces the risk of neurological, infectious 

and hemorrhagic complications, as well as on 

satisfactory results of DES functioning 

compared with autovenous grafts (29–31).

Several studies demonstrated the safety of 

MID CAB. For example, МсGinn et al. published 

their own experience of MID CAB in 450 pa-

tients. The mortality was 1.3%; the conversion 

to sternotomy was reported in 3.8% of cases 

(32). Another study of MID CAB and CABG 

complications demonstrated no significant 

differences in the number of MACCE (death, 

myocardial infarction, stroke, repeated 

revascularization); however, the total number of 

complications was significantly higher in the 

CABG group (37% versus 12%, respectively) 

(33). When comparing the number of strokes 

by surgery type, the superiority of MID CAB 

over CABG was noted (1.6% versus 3.8%, 

respectively) (34). Harry Lapierre et al. provided 

an interesting comparison of two cardiosurgical 

techniques: MID CAB (n = 150) and OPCAB 

(n = 150) performed by one surgeon. In both 

groups, repeat surgeries were performed for 

bleeding and graft revision in 4 (2.7%) and 

1 (0.7%) cases each. In the MID CAB group, 

conversion to sternotomy occurred in 10 (6.7%) 

patients. No deaths or perioperative MIs were 

observed in both groups. Wound infection 

developed in 0 and 6 (4.0%) patients in the MID 

CAB group and OPCAB group, respectively 

(p = 0.002). Mean in-hospital stay duration was 

5.4 days and 7.2 days in the MID CAB group 

and OPCAB group, respectively (p = 0.02). 

Mean time to restore completely the physical 

activity (the ability to walk 30 minutes or more 

per day and no restrictions when the upper 

body is used for daily activities) was 12 days 

in the MID CAB group and more than 5 weeks 

in the OPCAB group (35).

The cohort of patients eligible for hybrid 

myocardial revascularization includes patients 

with coronary heart disease and multivessel 

coronary lesions involving the proximal part of 

the left anterior descending artery along with 

stenoses of other non-LAD vessels suitable for 

PCI. Patients with chronic occlusions, calcified 

and prolonged lesions are more suitable for 

conventional CABG. Patients who have unsui-

table conduits, previous sternotomy, diseases 

of the ascending aorta, can also be eligible for 

hybrid surgery. The hybrid approach is especially 

promising in the high-risk population due to the 

lesser surgical trauma (36, 37).

The hybrid revascularization may be per-

formed either simultaneously in a hybrid 

operating room, or in two steps. The first step 

may include either PCI or MCBG. The sequence 

of the steps in the hybrid approach is still 

disputable; each option has its advantages and 

disadvantages. The advantages of PCI if it is 

performed at the first step are as follows: 

possible simultaneousl coronary angiography 

and PCI; loading dose of antiplatelet agents is 

administered before the procedure; possible 

hybrid revascularization after stenting of the 

symptom-related lesion in acute coronary 

syndrome; any negative PCI results may be 

adjusted further with open heart surgery. 

The disadvantages are as follows: surgical step 

is performed while on the dual antiplatelet 

therapy, thus increasing the risk of bleeding; 

and inability to evaluate the patency of the 

mammary graft to the LAD (38, 39).

Zhao et al. reported 112 hybrid procedures, 

with PCI at the first step in 96% of cases. The 

results of hybrid approach were compared to 

the CABG results (n = 254). Bleeding-related 

repeat interventions were performed in 3% of 

cases in each group. There were no significant 

differences in the number of blood transfusions 

and volume of drained fluid. The long-term 

expected survival was higher in the CABG group, 

especially when SyntaxScore was >33 (40).

However, the initial revascularization of the 

LAD via minimal access has several advantages, 

i.e.: angiographical monitoring of the mammary 

graft; lesser risk of bleeding during surgical 

intervention since dual antiplatelet therapy is 

prescribed later, before the second step; 

revascularization of a large LAD territory 

reduces the risk of further PCI. The disadvan-

tages are potential acute coronary events in the 

non-revascularized CA and RCA at the first step 

and, subsequently, potential unsuccessful PCI 

in case of complex stenting techniques; after 

unsuccessful PCI, repeat direct revascularization 

via median sternotomy should be considered.

The problem of in-stent thromboses and 

blee dings related to the antiplatelet and anti-
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coagulant supportive therapy remains unresol-

ved in the hybrid surgery. No guidelines for 

antiplatelet therapy in hybrid revascularization 

exist. Some investigators reported their 

experiences in the use of antiplatelet therapy 

with varying degree of success to prevent acute 

in-stent thrombosis and perioperative bleeding. 

The problem is partly related to the step-by-

step approach and timing of treatment. 

If MCBG and PCI are performed simultaneously, 

a loading dose of clopidogrel (300 or 600 mg) 

is given either immediately prior to surgery (15), 

or after MCBG (41, 42), or when PCI is comp-

leted (15, 43, 44). Interestingly, the maximum 

antiplatelet effect is achieved only a few hours 

after a loading dose (45), hence there is a time 

period of incomplete hypoaggregation during 

the procedure, which may cause in-stent throm-

bosis. The risk of acute in-stent thrombosis 

varies from 0% to 7%. According to available 

data on hemorrhagic complications, the hybrid 

revascularization is not associated with an 

increased risk of bleeding. Some studies 

demonstrate a lower risk of bleedings compared 

to conventional CABG (15, 41, 44). New P2Y12 

inhibitors, such as prasugrel and ticagrelor, 

have a more pronounced hypoaggregation 

effect with a faster onset and shorter half-life 

compared to clopidogrel (45). Due to these 

properties, the new drugs can play an important 

role in solving the problems of in-stent 

thrombosis and perioperative bleeding. 

Currently, however, there are no data on these 

medications to be used in patients during hybrid 

revascularization.

One of the important issues in the modern 

cardiac surgery is whether robotic and 

endoscopic techniques are required for hybrid 

intervention. Robotic technology makes it 

possible to graft the left internal thoracic artery 

using endoscopic approach only. One study 

compared the surgical results of interventions 

with and without robotic techniques. The hybrid 

surgery group where the robotic technique was 

used had significantly better results, i.e.: shorter 

in-hospital stay, lower risk of bleeding, and 

early return to work. The 5-year survival rate 

was 92.9% and adverse cardiovascular events-

free survival rate was 75.2%. The results of 

endoscopic surgery for single-vessel lesion are 

excellent, nevertheless this type of minimally 

invasive surgery is considered quite difficult, 

laborious and time-consuming (46–48).

An important aspect when different surgical 

options are compared is speed of recovery and 

return to normal physical activity and/or work. 

Kon et al. reliably demonstrated that hybrid 

surgery is an independent predictor of more 

rapid recovery and return to normal lifestyle (49).

The graft patency determined immediately 

after completion of the surgery was one of the 

characteristics of the safety and efficacy of 

hybrid technology (n = 112) compared with 

conventional CABG (n = 254). There were no 

significant differences in the graft dysfunction 

(2.8% in the hybrid surgery group and 3.4% 

in the CABG group) (50). Serruys and Holzhey 

reported that the survival rate and incidences 

of major cardiac and cerebral complications 

related to conventional CABG and hybrid 

surgery are similar (51, 27).

N. Bonaros et al. published interesting data 

summarizing the reported experience of hybrid 

interventions from 29 sites. Totally, 774 patients 

operated from 1996 to 2009 were analyzed. 

Overall mortality was 1.2%, 6-month mammary 

graft stenosis was detected in 2.9% of cases, 

whereas stent restenosis was determined in 

14.5% of cases. However, it should be noted 

that not all of the studies used drug-eluting 

stents (52).

Another study comparing the hybrid 

revascularization and OPCAB in multivessel 

lesions was conducted at USA site. Totally, 

147 hybrid surgeries (MID CAB of the LAD + 

PCI of non-LAD stenoses) and 588 OPCAB 

surgeries were analyzed over 7 years (2003–

2010). MACCE rates were comparable between 

groups (0.02% in each group); the number of 

blood transfusions was lower in the hybrid 

revascularization group, however, the number 

of repeated revascularization was significantly 

higher when hybrid technology was used 

(12.2% versus 3.7%, respectively, p < 0.001). 

The expected 5-year survival rates were similar 

in both groups (hybrid revascularization and 

OPCAB: 86.8% versus 84.3%, p = 0.61) (53).

Many issues related to hybrid revascula-

rization are still unresolved: 1) role of the CAB 

MID in hybrid revascularization; 2) sequence 

of steps (what to do first: PCI or MID CAB); 

3) antiplatelet regimen in hybrid revasculari-

zation; 4) efficacy and safety of hybrid 

revascularization compared to CABG and PCI 

during in-hospital period and long-term follow-

up. To answer these questions, prospective 

randomized studies comparing three methods 

of revascularization (CABG, PCI, and hybrid 

revascularization) are required. The tasks will 

be solved only through close collaboration and 

cooperation of cardiologists, cardiac surgeons 

and interventional cardiologists.
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The study ”Hybrid REvascularization Versus 

Standards (HREVS)” (http://www.clinicaltrials.

gov/ct2/show/NCT01699048) comparing three 

methods of myocardial revascularization was 

initiated at our site. The study design is 

presented below.

There is a prospective randomized study 

including patients with stable CHD and multi-

vessel coronary lesions. Patients are assigned 

into three groups depending on the type of 

revascularization:

1. Hybrid revascularization (MID CAB to the 

LAD with subsequent PCI of the non-LAD 

vessels).

2. PCI with multivessel stenting.

3. Coronary artery bypass grafting.

The follow-up time points are Years 1, 3 and 

5 after revascularization.

Inclusion criteria:

1. Multivessel coronary lesions with stenoses 

≥ 70% (2 or more epicardial coronary arteries).

2. I–III FC stable angina (CCS).

3. Asymptomatic patients with documented 

ischemia based on the results of stress-test or 

stress echocardiography.

4. The ability to perform any of the three 

options of surgical myocardial revascularization 

(CABG, hybrid strategy, PCI with multivessel 

stenting).

5. The consensus between the cardiac 

surgeon and interventional cardiologist on 

whether the patient meets all the inclusion and 

exclusion criteria.

6. Informed consent for participation in the 

study signed by a patient.

Exclusion criteria:

1. Acute coronary syndrome

2. Previous CABG

3. In-stent thrombosis/restenosis in history

4. Comorbidity with a high risk of 

complications if the revascularization strategies 

under study are used

5. Significant brachiocephalic lesions

6. Comorbidity limiting life expectancy (non-

curative malignancy)

7. Long-term follow-up is impossible

8. Participation in another study

9. Dual antiplatelet therapy is impossible

10. Left ventricular aneurysm, heart valve 

diseases requiring surgical correction.

Angiographic exclusion criteria:

• Critical stenosis (>95%) of the large epi-

cardial coronary arteries

• Left main coronary artery disease

• Occlusion of the significant coronary artery

• One-vessel lesion

• Side branch involved in bifurcation lesion 

of >2.0 mm in diameter, which can be affected 

with a stent implanted in the main vessel

Primary endpoints:

– Serious adverse cardiovascular events 

(death from any cause, myocardial infarction, 

stroke or transient ischemic attack, repeated 

myocardial revascularization).

– Interventional success (clinical and 

angiographic success without complications).

Secondary endpoints:

– “Negative clinical and anatomic changes 

in the target vessel” (composite endpoint 

including in-stent restenosis or in-graft stenosis 

in combination with one of the following clinical 

signs: death, MI, or repeat revascularization of 

the target vessel).

– Rates of in-stent restenosis and in-graft 

stenosis (angiographic stenosis >50% of stent/

graft diameter).

– The residual ischemia based on the SPECT 

data (%).

– The incidence of early and persistent 

postoperative cognitive dysfunction, according 

to neuropsychological and electroencephalo-

graphic tests.

Obligatory conditions:

1. Identical second-generation drug-eluting 

stents with efficacy proved in multicenter trials 

(Xience) should be used in both groups.

2. The time period between MID CAB and 

PCI is 1–3 days (within one in-hospital stay).

3. Dual antiplatelet therapy with a loading 

dose of clopidogrel 300 mg should be started 

one day after MID CAB in the hybrid revasculari-

zation group and before PCI in the second 

group.

Thus, the hybrid revascularization strategy 

using MID CAB followed by DES implantation is 

the rational hybrid option for patients with 

multivessel disease. This approach has 

advantages of both revascularization methods. 

Currently, there are no clear recommendations 

on hybrid revascularization in patients eligible 

for CABG and PCI. European guidelines on 

myocardial revascularization – 2014 demon-

strate the lack of consensus on the place of 

hybrid revascularization; in these guidelines 

the indications for hybrid procedures are IIB 

class, the level of evidence is C (experts’ 

opinion) (54). Only prospective randomized 

studies will determine the place of the hybrid 

method among other options of myocardial 

revascularization.
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Purpose. To demonstrate the feasibility of 

endovascular treatment of cerebrovascular 

accident in the cathlab of the department of 

cardiovascular surgery. 

Material and methods. The authors 

present a clinical case of a patient admitted to 

the City Hospital № 79 within the first hours 

after the onset of acute myocardial infarction, 

and after 5 weeks – within the first hours after 

the onset of ischemic stroke. The patient 

underwent emergency coronary angiography, 

computed tomography, brain CT-perfusion, 

CT-angiography of intracranial arteries. 

Thrombus extraction was performed for the 

recovery of cerebral blood flow.

Results. Successful restoration of the blood 

flow in the previously occluded cerebral artery 

was beneficial for patient’s neurological status 

Conclusions. In order to improve the 

availability of this technique, the interventions 

on the cerebral arteries can be conducted by 

interventionists who specialize in cardiology, 

providing they possess necessary skills and 

appropriate surgical equipment.

Introduction
In Russia, over the last 10 years, cerebro-

vascular mortality rates firmly entrenched on 

the 2nd place after acute coronary pathology 

and amounted to 21.4%. More than 450,000 

cerebrovascular accidents (CVA) are annually 

reported in Russia. 30-day and 1-year stroke 

mortality rates, according to various authors, 

range from 17 to 34% and 25-40%, respectively. 

Post-stroke disability is 3.2 per 10,000 popula-

tion, only 20.2% of employees re-start working, 

and complete vocational rehabilitation, accor-

ding to some data, is achieved only in 3–8% 

of cases (1, 2). Meanwhile, over the past 

15 years CVA incidence markedly reduced in 

the Western Europe and USA on average by 

7% per year and the mortality rate is only 12% 

versus 35% in Russia (2,3).

The mentioned statistical data suggest the 

need for further investigation and expansion of 

the options of CVA treatment proved to be 

effective in restoring cerebral blood flow. 

Intravenous thrombolysis, which many national 

guidelines relate to the class 1A, has relatively 

low efficacy. The artery recanalization rate 

varies from 10% in case of internal carotid 

artery (ICA) occlusion,  up to 30% in case of 

middle cerebral artery (MCA) occlusion. 

Besides, the success of the CVA treatment is 

significantly limited by the time from disease 

onset and high incidence of hemorrhagic 

complications (4, 5).

In this connection, the interventional 

treatment options are of great interest; on one 

hand, they minimize the risk of hemorrhagic 

complications and give a high rate of successful 

recanalization (up to 91.2%) (6), but on the 

other hand, technical difficulty of these 

interventions should be noted as well as their 

low availability (4).

The main goal of treating patients with CVA 

is to restore cerebral blood flow as early as 

possible in order to save so-called “penumbra” – 
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ischemic but still viable brain tissue. The 

therapeutic window for treatment of cerebral 

vascular accident is quite narrow and is less 

than 4.5 hours from the disease onset with 

intravenous thrombolytic therapy, while the 

interventional treatment options extend time 

frame up to 6 – 8 hours. It should be noted that 

only 1 to 7% of patients (!) in most countries 

worldwide are admitted within the time period 

suitable for reperfusion therapy. (7)

Another serious problem limiting wide 

application of interventional treatment options 

for cerebral vascular disorders is the lack 

of specialists – neuroradiologists. For example, 

in the USA in 2007, there were only 385 such 

specialists practicing in 238 hospitals in 

45 states (8). 

Thus, there were no such specialists in 5 

states and the existing physicians (1.6 neuro-

radiologists per hospital) are unable to provide 

24/7 medical care for patients in need. (7)

The authors believe that if neuroradiologists 

as well as 24/7 specialist service (stroke center) 

are lacking, it is possible to provide interventional 

care for stroke patients in the institutions 

specializing in the treatment of coronary 

pathology. It is extremely important for an 

interventionist to possess appropriate skills and 

surgical equipment (6). The following clinical 

case may serve as a clear confirmation of this 

thesis.

Patient V., 78 y.o. It is known from his medical 

history that in 2008 he had ischemic CVA in the 

territory of the left MCA manifested as speech 

difficulties and right-sided hemiparesis. He was 

discharged in the satisfactory condition (Rankin 

score 2).  Besides, patient suffers from permanent 

atrial fibrillation for a long time. In November 2014,  

he underwent emergency coronary angiography for 

non Q-wave anterior myocardial infarction in City 

Clinical Hospital No 79. Acute occlusion of the LAD 

orifice was detected (Rentrop collateral blood flow 1). 

Mechanical recanalization and PTCA of the LAD 

were performed, and, given the diffuse pattern of 

LAD lesion, three stents were implanted: Tsunami 

Gold 3.0 x 15 mm and Tsunami Gold 3.0 × 20 mm in 

the proximal segment and Tsunami Gold 2.5 × 30 mm 

in the middle segment.

After stenting, the patient's condition became 

stable and on Day 11 the patient was discharged with 

the following recommendations: Brilinta 90 mg BID, 

Pradaxa110 mg BID, Carvedilol 6.25 mg BID, 

Simvastatin 40 mg.

After that, the patient's condition remained stable, 

he received the recommended medical therapy; 

however, 1 month and 9 days later he suddenly 

developed weakness in the left extremities. 

He was admitted to City Hospital No 79 by 

ambulance 1 hour and 50 minutes after sudden loss 

of consciousness at home and fall. 

On admission his condition was severe. 

Hemodynamics were stable: HR 80 bpm, BP 135/90 

mm Hg. 

Neurological status: the level of consciousness 

was reduced to deep stupor. There were no 

meningeal signs, tonic rightward turn of the head 

and the eyes and flattening of the left nasolabial fold 

were present. The patient had left-sided hemiparesis 

(scored up to 3 in the arm and leg). NIHSS score was 

4, GCS score was 10.

Urgent native brain CT revealed left-sided cystic 

glial changes corresponding to previous CVA in the 

territory of the left MCA, however, there was no 

convincing evidence for a new cerebral vascular 

accident. Given the clinical signs of CVA, CT brain 

perfusion was performed (Omnipaque 350 – 50 ml 

intravenously). The comparison of the blood flow 

parameters in the area of interest (right parietal and 

temporal areas) with the opposite side revealed the 

data consistent with an ischemic CVA in the territory 

of the right MCA (Table 1). 

To evaluate the extent of the brachiocephalic 

arteries lesions and provide urgent reperfusion 

therapy, the patient underwent angiography of the 

right common, external and internal carotid arteries, 

and right anterior, middle and posterior cerebral 

arteries. Acute occlusion of the right MCA from its 

orifice was revealed (Fig. 2 а). A neurological 

guidewire was introduced in the distal part of the 

MCA; a microcatheter was conducted over it 

(Fig. 2b), and angiography of the distal part of the 

artery was performed through this microcatheter. 

After that, thrombus extractor Catch+ was 

introduced and thrombus extraction was performed 

using two passages with a positive effect, 

thrombotic masses were aspirated. The restoration 

of the antegrade blood flow TICI III (Fig. 2 c) 

produced a positive effect on the clinical pattern 

manifested as significant regression of neurological 

symptoms already in the operating room – 

consciousness recovered, range of motion of the 

left limbs increased up to 4 points in the arm and 

4.5 points in the leg.

Taking into account the presence of permanent 

form of atrial fibrillation, the absence of stenosis in 

the site of arterial occlusion, one could suggest, that 

the stroke had been caused by embolism, and not 

by in-situ thrombosis of the right MCA. It confirmed 

the importance not only of deaggregant, but also of 

anticoagulation therapy in post-PCI patients with 

ACS and atrial fibrillation. Safety and necessity 
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Fig. 2. а – baseline angiogram – occlusion of the right MBA. в – interventional step – introduction of Catch+ thrombus 
extractor. c – restored blood flow in the right MBA (TICI III).

a b c

Table 1. Baseline parameters of the blood flow in the right and left hemispheres (brain CT perfusion) 

                 Right hemisphere Left hemisphere

 CVB (cerebral blood volume) Fig.1, а 2.7 ml/100 g 3.7 ml/100 g

 CBF (cerebral blood flow) Fig.1, в 19.1 ml/100 g/min 60 ml/100 g/min

 МТТ (mean transit time) Fig. 1, с 10.2 sec 4.1 sec

Fig. 1. a, b, c. ). CT brain perfusion performed on 
admission, hemispheric asymmetry of brain perfusion is 
observed.

a b

c
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of dual antiplatelet (related to previous LAD stenting) 

and anticoagulant therapy (for the prevention 

of thromboembolic complications in the presence 

of atrial fibrillation) were discussed. The risk of 

recurrent stroke in a patient with atrial fibrillation 

based on CHA2DS2-VASc scale was considered 

as high (score 6), the risk of bleeding according 

to HAS-BLED scale was also high (score 4). For this 

reason, a single-agent desegregation therapy was 

prescribed – Brilinta 90 mg BID without aspirin. 

Pradaxa 110 mg BID was prescribed for anti-

coagulation therapy. In addition, the patient was 

treated with:Mexidol, Actovegin, Glycine, Bisoprolol, 

Enalapril.

A tendency for decreasing neurological deficit, 

normalization of cerebral blood flow, observed 

already in early postoperative period, was confirmed 

by CT brain perfusion on Day 5 after the procedure. 

The study revealed marked positive changes, 

namely improved perfusion in the areas of interest 

(the right temporal and parietal areas), reduced 

hemispheric asymmetry of blood flow (Figures 3 

a,b,c, and Table 2).

On Day 15 after the admission the patient was 

discharged in stable condition. Neurological status 

at the time of discharge: satisfactory condition, 

conscious, sociable, and oriented. No face asym-

metry. Dysarthria. The tendon reflexes are brisk on 

Table 2. The parameters of the blood flow in the right and left hemispheres (brain CT perfusion) after blood flow restoration 
in the right MCA

                    Right hemisphere Left hemisphere

 CVB (cerebral blood volume) Fig.3, а 1.6 ml/100 g 2.0 ml/100 g

 CBF (cerebral blood flow) Fig.3, в 22.8 ml/100 g/min 30.2 ml/100 g/min

 МТТ (mean transit time) Fig. 3, с 4.2 sec 4.3 sec

Fig 3 (a,b,c). CT brain perfusion performed in 5 days after 
thrombus extraction from the right MCA showed the 
absence of inter-hemishpheres asymmetry of brain perfu-
sion. 

a b

c
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the right. Increased spastic muscle tone in the right 

extremities. No focal left-sided pyramidal signs. 

Rankin score 2.

Conclusion
Currently, the interventional options are not 

first-line in the treatment of CVA, primarily due 

to low availability of this type of treatment. One 

way to overcome this, as suggested by some 

experts (4), is to involve a large group of 

physicians – interventional cardiologists 

providing 24/7 treatment of myocardial infarc-

tion. A necessary prerequisite is an appropriate 

training of so-called “multi disciplinary” 

specialists (7). In this context, the following 

global data reflecting the statistics of carotid 

stenting are very indicative: 58% of interventions 

are performed by interventional cardiologists, 

25% by radiologists, and only 17% by 

cardiovascular surgeons (9). 

It is quite likely that the combined efforts 

of these professionals will change the situation 

in the treatment of cerebral vascular disorders.
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Abbreviations
BPH – benign prostatic hyperplasia

LUTS – lower urinary tract syndrome

TURP – transurethral resection 

       of the prostate

PAE – prostatic artery embolization

OUR – acute urinary retention

TRUS – transrectal ultrasound

Introduction
Benign prostatic hyperplasia (BPH) is the 

most common benign neoplasia in men. 

According to epidemiological studies, BPH 

prevalence in men aged from 60 to 69 y.o. 

is 50%, increasing to 90% in the people aged 

over 80 y.o. (1).

The main clinical manifestation of BPH is a 

lower urinary tract syndrome (LUTS). According 

to numerous studies, more than a half of BPH 

patients have a significant decrease in their 

quality of life due to LUTS (2–4).

The available international guidelines 

present algorithms optimizing the choice of 

treatment for BPH patients. It should be noted 

that medical therapy is the first-line treatment 

in the vast majority of routine clinical situations 

(α1-adrenoblockers and 5-α-reductase 

inhibitors) and surgical intervention should be 

considered only in cases of insufficient 

regression of clinical manifestations of LUTS or 

development of severe side effects (5).

To date, a large number of various surgical, 

including minimally invasive, methods of BPH 

management based on mechanical (trans-

urethral resection of the prostate, open 

prostatectomy) or physical effects (trans-

ureth ral microwave vaporization, laser 

thermo ablation) are developed. Among these 

interventions, the greatest evidence base 

is accumulated for open prostatectomy and 

transurethral resection of the prostate 

(TURP).

Currently, TURP, due to its high safety and 

low incidence of long-term relapses, is 

recognized as the “gold standard” for treatment 

of patients with LUTS caused by BPH if their 

prostate volume is up to 100 ml3. Open 

prostatectomy is preferable in case of larger 

prostate volume. However, these surgical inter-

ventions have their own serious disadvantages 

and complications.

Prostatic artery embolization (PAE) is 

a relati vely new approach in the treatment of 

BPH patients. Initially, this intervention was 

designed to stop bleeding after prostate 

biopsy, adenoma- and prostatectomy (6–8).

In 2000 J. DeMeritt (9) was the first to 

propose PAE for reduction of the prostate 

volume, and only 10 years later F. Carnevalle 

published the first results of PAE performed in 

a BPH patient (10).

The therapeutic effect of PAE consists in 

ischemic necrosis of the prostate glandular 

tissue, which lowers its volume and reduces 

intensity of the LUTS signs (11).

The efficacy of PAE has been evaluated in 

several, mostly prospective, nonrandomized 

single centre studies. Based on meta-analysis 

performed by S. Schreuder et al., PAE contri-

butes to significant decrease in the prostate 

volume, improvement of the objective uro-

* Address for correspondence:

Evgeny Rafailovich Khayrutdinov

S.P. Botkin City Clinical Hospital

5, Vtoroy Botkinskiy proezd, Moscow, 125284, Russia

Phone: +7-916-830-49-64

E�mail: eugkh@yandex.ru

Manuscript received  on July 01, 2015

Accepted for publication on  July 10, 2015

Our First Experience with Prostatic Artery 
Embolization via Transradial Access

E.R. Khayrutdinov1*, S.B. Zharikov1, I.М. Vorontsov2, A.V. Arablinskiy1 

1 S.P. Botkin City Clinical Hospital, Moscow
2 City Clinical Hospital of Emergency Medical Care No.1, Omsk, Russia

The clinical case of successful prostatic artery embolization via transradial access is presented. The main 

advantages of this vascular access compared to transfemoral access are described.

Key words: prostatic artery embolization, transradial access, transfemoral access, benign prostatic hyper-

plasia.



33
Our First Experience with Prostatic Artery Embolization via Transradial Access

INTERVENTIONAL ANGIOLOGY

dynamics parameters, and reduction of LUTS 

severity (12).

PAE is traditionally performed via right 

transfemoral access. This vascular access 

usually allows selective catheterization of both 

prostatic arteries. However, in some cases, the 

anatomical and morphological bifurcation 

patterns of the abdominal aorta and internal 

iliac arteries preclude this; therefore, puncturing 

of contralateral femoral artery is required. 

In addition, these circumstances often interfere 

with complete bilateral PAE, thereby reducing 

the clinical efficacy of this intervention (13–15).

Alternative arterial access for PAE described 

in the literature is brachial or axillary access. 

However, vascular access complications 

associated with this type of interventions are 

among the most common ones.

Transradial access significantly reduces the 

incidence of vascular access complications. 

It is widely used to perform coronary interven-

tions; moreover, currently it is increasingly used 

for uterine artery embolization. The experience 

obtained from internal iliac artery catheterization 

via transradial access demonstrates the 

possibilities to simplify the procedure, reduce 

the risk of possible complications related to 

vascular access, achieve early activation of 

a patient, and increase post-procedural patient’s 

comfort (16–18). We have found no information 

on use of this access for PAE in the available 

literature. A clinical case of successful transradial 

access for PAE is presented to your attention.

Clinical case

Patient A., 67 y.o. was admitted to BUZOO GK 

BSMP No.1, Omsk, in August 2014 with clinical signs 

of acute urinary retention (AUR). It is known from his 

medical history that he has long been suffering from 

LUTS caused by BPH for which he has been receiving 

tamsulosin and finasteride. For emergency indica-

tions, he underwent urethral draining and Foley 

catheter was placed. Transrectal ultrasound (TRUS) 

revealed unstructured, homogeneous prostate 

gland with increased volume up to 122 cm3. Given 

increased serum titer of prostate-specific antigen 

up to 12.9 ng/ml, the prostate biopsy was performed 

to exclude prostatic cancer; it confirmed non-

specific chronic prostatitis and prostate adenoma. 

The severity of inappropriate urination was assessed 

using IPSS (International Prostate Symptom Score) 

with a score of 24.

Given the AUR episode with the optimal medical 

therapy, inability to perform TURP, high risk of open 

prostatectomy, the collective decision was made to 

perform elective PAE.

Left radial artery was punctured by Seldinger’s 

technique and 6F sheath (Prelude, Merit Medical) 

was placed. To prevent spasm and occlusion of the 

radial artery, heparin 5000 IU, nitroglycerin 250 μg, 

and verapamil 2.5 mg were intraarterially injected 

through the sheath. To determine the anatomical 

patterns of the iliac arteries, the diagnostic catheter 

Pigtail was placed in the abdominal aorta above 

the bifurcation of the common iliac arteries, and 

diagnostic angiography was performed.

Diagnostic catheter Judkins Right 3.5 (length 

125 cm, diameter 6 Fr, Performa, Merit Medical) was 

placed over the standard diagnostic guidewire 

0.035" at the level of the abdominal aorta bifurcation. 

The tip of the diagnostic catheter was rotated to the 

right, and the right common and internal iliac arteries 

were subsequently catheterized followed by angio-

graphy of the right internal iliac artery to determine 

the origin of the right prostatic artery (Figure 1). The 

right prostatic artery was selectively catheterized 

using Maestro microcatheter (diameter 2.8 Fr, length 

150 cm, the shape of the tip 45°, Merit Medical) and 

microguidewire Tenor (diameter 0.014", length 

165 cm, Merit Medical) and its angiography was 

performed (Figure 2). Then, it was embolized using 

EmboSphere microspheres (diameter 100–300 μm, 

Merit Medical). The control angiogram revealed the 

blood flow only in the proximal part of the right 

prostatic artery, the distal arterial vasculature was 

dramatically depleted (Figure 3).

The next stage was the placement of the 

diagnostic catheter Judkins Right 3.5 at the level of 

the abdominal aorta bifurcation again. The tip of the 

diagnostic catheter was rotated to the left, and the 

Figure 1. Angiogram of the right internal iliac artery: 
right prostatic artery (black arrow).
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left common and internal iliac arteries were 

subsequently catheterized followed by angiography 

of the left internal iliac artery to determine the origin 

of the left prostatic artery (Figure 4). The left prostatic 

artery was selectively catheterized using Maestro 

microcatheter and microguidewire Tenor and its 

angiography was performed (Figure 5). Then, it was 

embolized using 100–300 μm EmboSphere 

microspheres. The control angiogram revealed the 

blood flow only in the proximal part of the left 

prostatic artery, the distal arterial vasculature was 

dramatically depleted (Figure 6). The microcatheter, 

diagnostic catheter, and sheath were subsequently 

removed. Finale (Merit Medical) – a radial com-

pression device was placed over the puncture site.

Endovascular PAE lasted 54 minutes; the time 

spent on catheterization of the right and left prostatic 

arteries from the beginning of the left radial artery 

puncture was 36 minutes; radiation exposure was 

0.51 mSv. Duration of post-procedural bed rest was 

Figure 3. Total embolization of the right prostatic artery 
with the Embosphere microspheres.

Figure 4. Angiogram of the left internal iliac artery: left 
prostatic artery (arrow).

Figure 5. Angiogram of the left prostatic artery performed 
through the Maestro microcatheter: distal end of the 
microcatheter (arrow).

Figure 2. Angiogram of the right prostatic artery 
performed through the Maestro microcatheter: distal 
end of the microcatheter (arrow).
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1 hour. The radial compression device (Finale) was 

removed from the puncture site 6 hours after 

intervention. There were no complications related to 

the radial artery puncture site.

Post-interventional patient's condition has impro-

ved, and the control TRUS performed on Day 7 after 

PAE revealed reduction of the prostate volume 

to 104 cm3. LUTS manifestations assessed using 

IPSS were relieved by 30% (to a score of 16).

Conclusion
Transradial access for PAE was applied for 

the first time. This access is relatively easy 

to perform and less invasive compared with 

the transfemoral one. It facilitates catheteri-

zation of the prostatic arteries, shortens 

procedural time and reduces X-ray exposure 

to the patient. Moreover, this access can 

significantly reduce the incidence of the vascular 

access complications, improve patient’s 

comfort after intervention and allows activation 

of patients shortly after procedure. Thus, the 

described transradial access for PAE may be of 

great clinical significance.
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Introduction
The number of endovascular interventions, 

mostly percutaneous coronary interventions 

using iodine-containing contrast medium (CM), 

is increasing last years. PCI is the key component 

of treatment of acute coronary syndrome (ACS) 

(1–3). However, safety issues are still actual. 

One of the most serious complications of PCI 

is contrast-induced acute kidney injury (CIAKI) 

due to CM nephrotoxicity (4–6). 

CIAKI incidence varies from 2% to 19% (7–9). 

Absence of uniform diagnostic criteria before 

2012 and differences in populations studied 

could possibly lead to such dispersion of data. 

Strict diagnostic criteria for previously used 

term “acute renal failure” were not de termined 

(10). Concept of “acute kidney injury” was later 

proposed and RIFLE (Risk, Injury, Failure, Loss, 

End-stage renal failure) and AKIN (Acute Kidney 

Injury Network) (10–11) criteria were developed. 

KDIGO guidelines for diagnosis and treatment 

Prevalence, Determinants and Prognostic Value 
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of CIAKI were published in 2012. These guidelines 

use RIFLE and AKIN combined criteria and 

consider dynamic serum creatinine level (SCL) 

and/or diuresis speed (12). Accor ding to KDIGO 

2012 criteria CIAKI is determined as increase 

in SCL by 26 μmol/l in 48 hours after CM 

admission if there are no other reasons (12). 

Patients risk of CIAKI should be assessed 

before PCI using R. Mehran scale. It considers 

both patient-related and PCI-related risk 

factors. (Table 1) (13–16). The score <5 suggets 

low risk of CIAKI, 6-10 suggests intermediate 

risk, 11-16 is indicative of high risk, and score 

≥16 suggets a very high risk. With the increase 

of score, the risk of CIAKI rises exponentially. 

(16).

Problem of CIAKI is increasingly important 

because PCI is often performed in elderly 

patients with variety of comorbidities while 

endovascular interventions become more and 

more complex, sometimes multistage and 

require administration of considerable amount 

of contrast medium.

Data on the incidence and prognostic value 

of CIAKI in Russia are limited.

the purpose of our study was to determine 

incidence, predictors and prognostic value of 

CIAKI in patients with STE-ACS which received 

PPCI.

Material and methods
The study enrolled 216 patients who were 

urgently admitted to the hospital with STE-ACS 

and received primary PCI. STE-ACS was 

diagnosed according to national and inter-

national guide lines (2, 17). Non-ionic low 

osmolar contrast medium iohexol (Omnipaque 

350) and non-ionic iso-osmolar contrast agent 

iodixanol (Visipaque 320) were used for primary 

PCI. Radial access route was used in 95%. 

Patients with non-STE-ACS, delayed PCI, 

stable CAD and elective PCI were not included 

into study. 

STE-ACS was treated according to national 

guidelines (17). Routine CIAKI prevention was 

used. 

Patients' age ranged from 36 to 69 years 

(mean age 64 ± 13), arterial hypertension was 

present in 90%, 27% had a history of MI, 7% 

had chronic kidney diseases, 21% – type 2 

diabetes mellitus, 14% had anemia. Charac-

teristics of patients are presented in Table 2. 

GFR was assessed using CKD-EPI formula 

according to SCL (18). Additionally urea, 

electrolytes (K, Na, Cl), hemoglobin and blood 

glucose level were assessed. CIAKI was 

diagnosed if increase in SCL by 26 μmol/l 

in 48 hours or 1.5 times SCL increase in 7 days 

after PCI were seen. CIAKI stage was deter-

Table 1. R. Mehran scale of CIAKI risk assessment

                                                    Risk factor Points

 Hypotension (systolic BP < 80 mm Hg) 5

 Intra-aortic balloon pump 5

 Heart failure (III–IV FC NYHA) 5

 Age >75 years 4

 Anemia (hematocrit <39% (male), <36%(female)) 3

 Diabetes mellitus 3

 Contrast medium volume 1 point for each 100 ml

 SCL>132,6 μmol/l  4
        or 

 GFR  40–60 ml/min/1,73 m2 2
           20–39 ml/min/1,73 m2 4
               <20 ml/min/1,73 m2 6

FC NYHA – functional class of heart failure, New-York Heart Association.

Table 2. Characteristics of patients with STE-ACS and PCI 
(n = 216)

                             Index Value

 Male, n (%) 143 (66)

 Age, years (M ± SD) 64 ± 13 
  (36–89)

 Body weight, kg 80 ± 14

 Smoking, n (%) 106(49)

 Arterial hypertension, n (%) 194 (90)

 Chronic heart failure, n (%) 134 (62)

 Diabetes mellitus, n (%) 46 (21)

 Anemia, n (%) 31 (14)

 Cerebrovascular disease, n (%) 30 (14)

 Chronic kidney disease, n (%) 15 (7)

 Chronic obstructive pulmonary  84 (39)
 disease, n (%)

 Liver disease, n (%) 9 (4)

 Peripheral vessel disease, n (%) 1 (0.5)

Coronary angiography data 

 Intact coronary arteries, n (%) 3 (1.7)

 Stenosis <50%, n (%) 29 (13)

 1 or 2 vessels diseased, n (%) 63 (29)

 3 and more vessels diseased, n (%) 138 (64)

 Left main coronary artery disease, n (%) 22 (10)
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mined according to RIFLE and AKIN combined 

criteria (12). Patient prognosis was evaluated 

after 30 days and 12 months using telephone 

inquiry (readmission, death). 

Statistical analysis
Statistical analysis was performed using 

Statistica 8.0 for Windows using the standard 

algorithms of variational statistics. Arithmetic 

average and standard deviation were calculated 

for the quantitative values. Data is presented as 

M ± SD, where M is the mean value, SD – 

standard deviation of the average value. Paired 

two-sample Student’s t-test was used to 

compare the average values. Qualitative vari-

ables are characterized by absolute (n) and 

relative (%) values. Chi-square test (χ2) was 

used for comparison of frequencies of traits 

and qualitative variables. Mann–Whitney U-test 

was used to assess significance of differences 

between groups. Spearman rank correlation 

coefficient was calculated as a nonparametric 

measure of statistical dependence. The 

differences of average values and correlations 

were considered significant at p < 0.05. 

Results of study
CIAKI was diagnosed in 43 (20%) patients –

stage I in 81% and stage II in 19%. 

CIAKI was more likely to develop in patients 

with lower baseline GFR (Fig. 1) and higher risk 

score according to R. Mehran scale (Fig. 2). 

The groups of patients were comparable in 

gender and comorbidities incidence, except 

for higher CKD rate in CIAKI group – 21 and 

3.5%, p < 0.001. CIAKI patients were older 

(69 ± 13 and 63 ± 12 years, p < 0.01), had 

higher baseline SCL (104 ± 31 и 87 ± 22 μmol/l, 

p < 0.001), more patients had higher (>10) R. 

Mehran scale score (44 and 25%, p <0.05), 

lower LVEF (37 ± 10 and 41 ± 14%, p < 0.05). 

CIAKI patients were significantly more likely 

to receive treatment by Verospiron (56 and 

37%, respectively; p < 0.05), Furosemide 

(72 and 39%, p < 0.05) and nephrotoxic 

antibiotics (19 and 3.5%, p < 0.05). No statis-

tically significant difference in Metformin, non-

steroidal anti-inflammatory drugs and ACE 

inhibitors administration rate was seen between 

two groups. 

Besides, patients with CIAKI received larger 

volume of CM (282±94 ml and 236 ± 85 ml, 

p < 0.05), had higher incidence of multivessel 

disease (84 and 59%, p < 0.05) and higher 

CM volume to baseline GFR ratio (4.02 ± 2.15 

and 2.32 ± 1.08, p < 0.05).

The curves obtained after constructing ROC 

models of the correlation between predictors 

and development of CI-AKI do not cross the 

control diagonal thus providing the sensitivity 

and specificity of >50%, area under the curve is 

>0.6 (indicating no less than satisfactory quality 

of model) at the level of statistical significance 

p < 0.05 (Table 3).

Fig. 1. Correlation between CIAKI incidence in patients 
with STE-ACS and PPCI and baseline GFR.

Fig. 2. Correlation between CIAKI incidence in patients 
with STE-ACS and PPCI and R. Mehran scale score. 

Table 3. Sensitivity and specificity of CIAKI predictors in patients with STE-ACS and PPCI 

                                  Index AUC Threshold value Sensitivity, % Specificity, %

 Age, years 0,613 ≥ 65,5 63 65

 Baseline SCL, μmol/l 0,589 ≥ 114 35 86

 Baseline GFR, ml/min/1,73 m2 0,634 ≤ 56,6 54 81

 CM volume, ml 0,727 ≥ 250 71 60

 CM volume to GFR ratio 0,678 ≥ 5,3 51 77

 LVEF, % 0,674 ≤ 39,5 71 63
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Independent predictors of CIAKI after PPCI 

were determined using multivariate regression 

analysis (Table 4). 

CIAKI group analysis showed greater 30-days 

mortality (χ2 = 7.2, p < 0.05) and 6-month 

readmission rate (χ2 = 3.1, p < 0.05) (Fig. 3).

Stage II of CIAKI was associated with higher 

adverse outcomes, both late and in-hospital. 

In-hospital mortality was 37.5% (0% for stage I), 

30-days mortality was 37.5% (6.5% for stage I). 

 Discussion
Incidence, predictors and prognostic value 

of contrast-induced acute kidney injury (CIAKI) 

in patients with ST-elevation acute coronary 

syndrome (STE-ACS) who received primary 

percutaneous coronary intervention (PPCI) 

were assessed. The results highlight the existing 

problem of CIAKI after primary PCI. Timely 

diagnosis of CIAKI determines patient's 

treatment and prognosis. 

Problem of CIAKI attracts even more atten-

tion along with the increasing incidence of 

cardio vascular disease, kidney disease, 

diabetes mellitus, obesity, growth of population 

lifespan and increasingly high number of 

endovascular procedures last years. 

CIAKI is one of the most serious complications 

of PCI, especially in STE-ACS group. CIAKI 

is third among the causes of in-hospital acute 

kidney failure (first two are renal hypoperfusion 

and nephrotoxic drugs administration) and 

occurs in 3–19% of all PCI patients (7–9). 

It is consi dered that risk of CIAKI is low if renal 

function is intact, even in diabetes mellitus 

(1–2%) (20). 

However CIAKI incidence rises up to 25% in 

patients with impaired renal function, some risk 

factors (e.g. combination of CKD and diabetes 

mellitus, CHF, age, nephrotoxic drugs admi nist-

ration) (20). 

Iodine-containing CM administration lead to 

signi ficantly higher incidence of CIAKI in criti-

cally ill patients. SCL increase > 25% occurred 

in 18% of 75 patients from intensive care unit 

after CT scan with low osmolar CM (21) whereas 

no SCL increase occurred in patients which 

received CT scan without contrast medium 

administration.

Above mentioned dispersion of data is cau-

sed by difference in diagnostic criteria, different 

level of hospitals and differences in populations 

studied (22–24). 

E.g. term “contrast-induced nephropathy” 

determined as increase in SCL ≥0.5 mg/dl 

(≥44 μmol/l) or 25% in 48 hours was widely 

used earlier (25). Sometimes SCL increase was 

assessed in 5 days after CM administration 

(26). 

We determined the incidence of CIAKI as 

high as 20%, which is higher than in other 

studies. We link this to widespread comorbidity 

and unstable state of our STE-ACS patients. 

Thus CIAKI incidence varies greatly depen-

ding on population studied and risk factors. 

CIAKI predictors include 2 groups. First 

group relates to patient and includes CKD, low 

LVEF, baseline SCL, nephrotoxic drugs admini-

stration, loop diuretics, anti-mineralocorticoid 

drugs administration. Second group includes 

PCI-related factors (CM volume, multivessel 

disease, CMV/GFR ratio) (27–30). 
Fig. 3. Prognosis for patients with STE-ACS, PPCI and 
CIAKI.

Table 4. Predictors of CIAKI in patients with STE-ACS and PPCI

                                            Index Odds ratio 95% confidence interval  р

 CM volume to GFR ratio ≥5,3 7.90 3.19–19.40 <0.05

 Chronic kidney disease 7.37 2.46–22.06 <0.001

 Nephrotoxic antibiotics 6.36 2.08–19.49 <0.05

 Baseline GFR ≤56,6 ml/min/1,73 m2 5.40 2.60–11.19 <0.05

 Loop diuretics 3.98 1.92–8.30 <0.01

 Multivessel disease 3.58 1.51–8.49 <0.05

 LVEF ≤39,5% 3.28 1.65–6.54 <0.05

 CM volume ≥250 ml 3.26 1.63–6.53 <0.05

 Baseline SCL ≥114 μmol/l 3.14 1.42–6.94 <0.05

 Age ≥65,5 years 2.80 1.40–5.59 <0.05

 Antagonists of mineralocorticoid drugs 2.15 1.09–4.23 <0.05
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Multiple studies showed that baseline renal 

function impairment is the most important risk 

factor of CIAKI. Since that renal function 

screening is highly recommended to diagnose 

acute and chronic kidney disease (12). 

It should be noted that GFR value threshold 

associated with elevated risk of CIAKI is not 

defined.

Current study demonstrates that CIAKI is 

associated with adverse outcomes: greater 

30-days mortality (10 and 3%), higher rate of 

readmissions (66 and 46%). Greater increase 

in SCL is associated with even higher mortality: 

37.5% of patients with stage II of CIAKI died 

in hospital and 37.5% more in 30 days.

It is important to identify patients with high 

risk of renal function impairment as early as 

possible. Observational studies showed that 

CIAKI is associated with prolonged hospital 

stay, higher rate of readmissions, CKD prog-

ression, elevated cardiovascular and overall 

mortality (31–33). Results of large studies 

confirm CIAKI prognostic value (34–37).

Thus CIAKI after PCI is the predictor of 

adverse outcomes of STE-ACS, both early 

and late. Patient stratification according to 

R Mehran scale is needed along with precise 

monitoring of renal function in this patients' 

population to timely diagnose CIAKI and provide 

adequate prevention and treatment.

Conclusion
CIAKI (according to KDIGO 2012 criteria) 

develops in 20% of patients with STE-ACS and 

PCI, mainly within the first 48 hours after the 

inter vention. CIAKI is more frequent in patients 

with lower baseline SCL and higher risk 

according to R. Mehran scale. 

CIAKI development is associated with both 

patient-related and PCI-related factors. 

CIAKI in patients with STE-ACS and PCI 

is associated with poor prognosis: higher 

30-days mortality and higher readmissions 

rate. 

Stratification of patients with STE-ACS and 

planned PPCI, monitoring of renal function, 

adequate prevention and treatment are 

needed.
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Cardiovascular diseases (CVDs) are the 

leading cause of patients’ death in economically 

developed countries. In 2011 in the Russian 

Federation (RF), based on the Federal Service 

of State Statistics data, the number of CVDs 

patients was 22,692.2 per 100,000 population. 

26% out of them died from coronary heart 

disease (CHD), which occupies a leading 

position in the CVD mortality worldwide (1). The 

number of patients suffering from type 2 

diabetes mellitus (T2DM) doubles over each 

10 years (2). In the Russian Federation, as of 

January 01, 2013, the number of DM patients 

was 3,778,000 and 3,452,000 out of them had 

T2DM (3). Type 2 diabetes mellitus is a chronic 

disease due to low biological activity of insulin 

which is the cause of serious complications and 

disability and is associated with vascular lesions 

of the heart, brain, extremities, kidneys, and 

retina. Coronary heart disease is the leading 

cause of mortality of T2DM patients due to 

atherosclerosis, macro- and microvascular 

lesions of coronary arteries. With 1% increase 

in glycated hemoglobin level, CVD risk increases 

by 10% (4). In T2DM men and T2DM women, 

CHD is revealed 2 and 3 times higher compared 

to general population (4). Thus, the rapidly 

growing population of T2DM patients in a short 

time will change the modern view of the 

improved prognosis for CVDs treatment.

Acute coronary syndrome (ACS) is a sudden 

clinical condition related to development of 

myocardial ischemia with typical constellation 

of clinical, biochemical and electrocardiographic 

changes and based on morphological disorders 

of coronary arteries patency and realized in 

acute myocardial infarction (AMI) or unstable 

angina (UA) (5, 6). In recent years, the AMI-

related mortality in T2DM patients remains 

high (7). The American College of Cardiology 

(ACC) and American Heart Association (AHA) 

reports that mortality in AMI patients with T2DM 

has increased compared with non-T2DM 

patients (8). The study of AMI-related mortality 

showed that the patients with a history of T2DM 

died 3–4 times more frequently than those with 

normal carbohydrate metabolism (CM). The 

relationship between T2DM and mortality is 

high, even after adjustment for other CHD risk 

factors (smoking, hypercholesterolemia, 

physical inactivity) (9, 10). Therefore, despite 

modern methods of AMI treatment (thrombolytic 

therapy, angiosurgery), the mortality in T2DM 

patients remains 2–3 times higher compared to 

those with normal CM (1, 11, 12).

Based on literature data, it can be concluded 

that T2DM contributes a lot to the increased 

risk for AMI (11, 13) and incidence of its compli-

cations, namely pulmonary edema (14, 15), 

cardiogenic shock and acute left ventricular 

(LV) aneurysm (16, 17). This is explained by 

atherosclerotic lesions of the proximal and 
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The article presents a literature review on the prevalence, pathogenesis, and treatment of myocardial infarction 

(MI) complicated by acute left ventricular failure (ALVF) in patients with type 2 diabetes mellitus (T2DM).

Diabetes mellitus contributes to reduction of myocardial contractility. Myocardial remodeling in T2DM is 

affected by 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 left ventricle filling and development of ALVF. 

Modern pharmacological agents and interventions for MI increase the life span and improve the quality of life 

of T2DM patients. However, MI is complicated with ALVF 3 times as frequently and mortality related to acute MI 

is 2 times higher in T2DM patients compared to non-T2DM patients.
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distal parts of coronary arteries in combination 

with “metabolic ischemia” of the cardiomyocytes 

(14, 15,18), diabetic autonomic cardioneuropahy 

(DACN) (19), which occurs in patients with 

a long lasting T2DM and is a predictor of high 

mortality (20).

Currently, prevalence and treatment of AMI 

complicated with acute left ventricular failure 

(ALVF) are described in detail in the literature. 

Therefore, in recent years, the publications 

concerning ALVF in AMI patients are rare. 

However, this issue in T2DM patients should be 

analyzed, as AMI is more frequently complicated 

with ALVF in these patients (16). The course 

of fatal AMI in T2DM patients is fulminant. They 

die more frequently within the first hours of 

hospitalization, with ALVF and cardiogenic 

shock as the main causes of mortality (11, 21).

Acute left ventricular failure (pulmonary 

edema) is a syndrome that occurs suddenly 

and is characterized with fluid accumulation 

in the interstitium and pulmonary alveoli, 

followed by gas exchange disorder in the lungs 

and hypoxia manifested as skin cyanosis and 

choking. ALVF mechanisms are related to blood 

circulation disturbances and include increased 

pulmonary venous pressure without left 

ventricular failure (mitral stenosis); increased 

pulmonary venous pressure with left ventricular 

failure; increased pulmonary capillary pressure 

as a result of increased pressure in the 

pulmonary artery (pulmonary edema associated 

with excessive perfusion) (22). It is important 

to note that AMI is complicated with ALVF 

in T2DM patients 3 times as often as in patients 

with normal CM (23). The degree of congestion 

in the lungs depends on pressure in the left 

atrium (LA). Slightly increased pressure (18–

20 mm Hg) in the LA leads to perivascular and 

peribronchial edema. Further increase in the LA 

pressure (>25 mm Hg) results to liquid 

penetration in the alveoli. Normally, only two 

thirds inhaled air, so called alveolar ventilation, 

reach alveoli. Without external breathing the 

human body can usually live for up to 5–7 minu-

tes, with consequent loss of consciousness, 

irreversible changes in the brain and death. 

There are interstitial and alveolar pulmonary 

edemas. In case of interstitial pulmonary edema, 

the fluid does not extend beyond the 

peribronchial space. This clinical stage of edema 

manifests as progressive shortness of breath 

and cyanosis. In case of alveolar pulmonary 

edema, the fluid penetrates into the alveoli. 

It contains large amounts of protein, which mix 

with the inhaled air in the alveoli and form 

a foam that fills the airways, further reducing 

the alveolar ventilation. In the most severe 

cases, the foam comes out from the mouth and 

nose. Physical signs of alveolar pulmonary 

edema are rales, sometimes heard at a distance 

and associated with fluid penetration into the 

bronchial lumen (25).

Declined myocardial contractile capacity 

underlies ALVF in AMI patients. There are three 

myocardial areas determining cardiac pump 

function in AMI patients.

1) Necrotic area that no longer participates 

in the myocardial contractility. In case of acute 

LV aneurysm, some amount of blood flows in the 

aneurismal sac during systole, but this blood 

“pumping” is not usually large enough to affect 

cardiac output significantly. In T2DM patients, 

STEMI incidence is 10–15% (26) – 20% (27) 

higher compared to patients with normal CM. 

Myocardial necrosis area associated with 

infarct-related artery is by 10–15% larger in 

T2DM patients compared to non-T2DM patients 

(28, 29). Other studies demonstrate the same 

myocardial necrosis area in T2DM patients and 

those with normal CM (30, 31), however, 

in T2DM patients cardiogenic shock and 

pulmonary edema occur several times more 

often (13, 23). AMI pattern in T2DM patients 

is fulminant; the mortality rate within the first 

6 hours after hospitalization achieves 26%, 

when only ischemic changes are observed in 

the myocardium and there is no necrosis of 

cardiomyocytes (11, 31); postmortem examina-

tion reveals morphological signs of pulmonary 

edema in 96% of cases (32). The reason for 

high mortality in T2DM patients is combination 

of several factors. These are atherosclerotic 

lesions of the distal and proximal parts of the 

coronary arteries, “metabolic ischemia” 

reducing contractility of the remaining viable 

myocardium (14, 33).

2) Perinecrotic or peri-infarction ischemic 

area that reduces myocardial contractile 

function under coronary hypoperfusion. The 

bigger the area, the smaller the cardiac output. 

In this case, the term “stunned” or “hibernating” 

(sleeping, inactive) myocardium is used. 

It should be noted that hyperglycemia increases 

synthesis of end-stage glycation products and 

their precursors, thus, in turn, changing the 

structure of blood proteins and extracellular 

matrix. The levels of all previous intermediate 

products of glycolysis are elevated and alter-

native pathways are activated: glyceraldehyde 

3-phosphate, glycerol and methylglyoxal come 

in the pathways of protein kinase C and final 
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glycation products; fructose 6-phosphate – 

in hexosamine pathway; and glucose – in the 

polyol pathway. All these pathological pathways 

of glucose and its metabolites utilization are 

responsible for development of diabetic 

complications, lesions of nerve tissue and 

vascular wall (neuropathy and angiopathy) 

(34, 35). One of the mechanisms determining 

the significance of T2DM as a risk factor for 

ALVF is damaging effect of hyperglycemia 

on the cellular function and metabolism, 

particularly endothelial cells and cardio myo-

cytes, resulting in so-called “glucose toxicity” 

with inevitable apoptosis (35). Thus, it is logical 

to assume that the presence and severity of 

“metabolic ischemia” associated with poorly 

compensated or newly diagnosed T2DM will 

increase the area of hibernating myocardium 

and reduce myocardial contractility in patients 

with impaired CM.

3) Intact myocardium area, when the contrac-

tile function will depend on the mass of surviving 

heart muscle, condition of the intact myocardium 

(severity of atherosclerotic cardiosclerosis, 

presence and size of postinfarction scars), 

adequacy of coronary blood supply to growing 

needs of the myocardium. It is known that the 

post-infarction cardiosclerosis in T2DM patients 

is more common than in patients with normal 

CM (36). According to the morphological 

studies in patients who died suddenly, 

atherosclerotic plaques in T2DM patients 

contain more adipose cells, macrophages and 

T-lymphocytes compared to those without 

T2DM (37). Even in asymptomatic T2DM 

patients, > 50% stenosis is simultaneously 

observed in several arteries (36, 38). In addition 

to typical atherosclerotic angiopathy, sclerotic 

damage of the arterial media develops in T2DM 

patients and manifests as medianecrosis, 

mediasclerosis, and mediacalcinosis. This 

macro-angiopathy is characterized with lesions 

located in the middle layer of large arteries and 

accumulation of calcium salts, its thickening 

and sclerosis, as well as combination with 

other manifestations of diabetic macro-and 

micro-angiopathy and neuropathy (39, 40). 

Eventually, the artery is calcified, it becomes 

rigid, loses its ability to contract and dilate; as 

a result, adaptive resources are sharply reduced 

and calcification of small arteries blocks blood 

circulation through the collaterals (40, 41). 

Thus, the myo cardium not directly affected by 

the infarction is intact only relatively (42).

Diabetes contributes to a marked and rapid 

reduction of the myocardial contractile function. 

Heart failure develops in T2DM patients not 

only in connection with coronary atherosclerosis, 

but also due to specific myocardial damage, 

so-called “diabetic cardiomyopathy”. Here, 

myocardial microvascular damage plays a great 

role and leads to dramatic decrease in coronary 

reserve and generalized reduction of myocardial 

contractility.

Management of AMI patients with ALVF is 

well-described in the current guidelines and 

publications, but ALVF incidence and prognosis 

in T2DM patients are significantly worse, new 

approaches to treatment of AMI in T2DM 

patients are required. On Day 1, in T2DM 

patients with AMI the infarct-related coronary 

artery should be revascularized mechanically 

and, if it’s impossible within the first 6 hours 

after the onset, the thrombolytic therapy should 

be administered (28).

Percutaneous coronary intervention (PCI) is 

recommended in T2DM patients with conco-

mitant platelet glycoprotein IIb/IIIa inhibitors. 

In case of stenting in T2DM patients during PCI, 

it is preferable to use a drug-eluting stent. 

Mechanical reperfusion using primary PCI is 

considered as a method of choice in revas-

cularization of T2DM patients during the acute 

phase of ST-elevation MI. It is currently proven 

that primary PCI in T2DM patients with AMI 

provides better survival rate than thrombolytic 

therapy (43). Timely PCI does not exclude 

optimal medical therapy: to improve the results 

of reperfusion therapy and prevent re-throm-

bosis, concomitant antithrombotic therapy 

including direct anticoagulants (heparin, 

enoxaparin) (44), fondaparinux (45), and anti-

platelet drugs (aspirin, ticagrelor, prasugrel, 

clopidogrel) is administered (46, 47).

ALVF management is based on oxygen, 

diuretics, and vasodilators. Opiates and ino-

tropic agents are used most selectively, and 

artificial circulation is required in rare cases 

only (48).

Shortness of breath is the first sign of 

developing pulmonary edema. Oxygen inhala-

tion under positive pressure increases the intra-

alveolar pressure and prevents transudation of 

fluid from the alveolar capillaries, limiting 

venous return to the thorax (49). Oxygen 

is indicated for hypoxemia (SpO2 < 90%), which 

is associated with increased risk of sudden 

death. Oxygen cannot be used regularly in 

patients without hypoxia, as it causes vaso-

constriction and reduces cardiac output (50).

In the majority of patients with dyspnea 

caused by ALVF, symptoms quickly improve 
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with intravenous loop diuretics as a result of 

immediate dilation of the veins and subsequent 

removal of fluid from the vessels. The optimal 

dose and route of administration (bolus or 

continuous infusion) are not determined. The 

recent prospective, randomized clinical study 

compared 12-hour bolus and continuous 

infusion. Low dose (equal to existing oral dose) 

was compared with higher dose (2.5-fold oral 

dose). No differences in assessment of signs 

and changes in serum creatinine were observed. 

However, compared with a low-dose strategy, 

the higher doses therapy was associated with 

a more pronounced improvement in patients’ 

status (including dyspnea), but at the expense 

of a more pronounced transient deterioration of 

renal function (50, 51).

Opiates may be useful in ALVF patients, 

because they reduce anxiety and improve 

distress related to dyspnea. Painless AMI is 

often described in the cardiology handbooks 

and occurs in 10–20% of all AMI (51, 52); 

however, it is not the same as an asymptomatic 

AMI. In clinical practice, AMI patients are 

admitted to coronary ICUs (intensive care units) 

with complaints of pain behind the breastbone 

or in the left half of the chest, choking, or combi-

nation of these complaints. Feeling of shortness 

of breath in T2DM patients often comes to the 

forefront, so it is recommended to consider 

dyspnea on exertion as an angina equivalent; 

choking, due to which the patients are admitted 

to coronary ICUs, is often accompanied by 

increased levels of cardiac enzymes and is 

a clinical sign of AMI (5, 11, 53). In this case, 

it is not required to relieve the pain syndrome, 

however opiates reduce sympathetic conduct 

and dilate the veins, thus reducing the preload. 

The side effects of opiates are nausea and 

depression of the respiratory activity, which 

potentially increases the need for invasive lung 

ventilation (54). Vasodilators, such as nitro-

glycerin, reduce preload and afterload via 

increasing LV stroke volume. However, there is 

no reliable evidence that they relieve dyspnea 

or improve other clinical outcomes (54, 55). 

Possibly, vasodilators are mostly indicated for 

hypertensive patients. They should be avoided 

in patients with systolic BP <110 mm Hg. Sharp 

BP fall should be also avoided, as hypotension 

is associated with high mortality in patients with 

ALVF. Vasodilators in patients with significant 

mitral or aortic stenosis are contraindicated, 

because they decrease BP due to inability to 

increase cardiac output in response to decrea-

sed TPR and increase the lung congestion 

caused by reflex increase in sympathetic tone 

and elevated pressure in the left atrium (56). 

In accordance with the American College of 

Cardiology/American Heart Association (ACC/

AHA) guidelines (57), intravenous infusion 

of nitroglycerin is indicated within the first 

24–48 hours after pain onset in case of anterior 

ST-elevation AMI, persisting myocardial 

ischemia, heart failure, or hypertension. In case 

of systolic BP < 90 mm Hg, bradycardia (heart 

rate (HR) <50 beats per minute), or AMI of the 

right ventricle, nitroglycerin is contraindicated. 

In case of inferior AMI, nitrates are also 

contraindicated, as the pathological process 

may extend to the right ventricle (58). Beta-

adrenoblockers are recommended for all AMI 

patients in case of adequate blood pressure 

and heart rate (47). In case of severe heart 

failure and cardiogenic shock (mean BP 

<65 mm Hg, pulmonary artery wedge pressure 

>18 mm Hg, cardiac index <2.2 l/min/m2), 

beta-adrenoblockers are contraindicated, as 

they can deteriorate myocardial contractile func-

tion (59, 60). Daily dose of beta-adrenoblockers 

is individual and determined by the target HR 

level of 50–60 bpm (57, 60). If not contra-

indicated, beta-adrenoblockers are preferable 

as initial therapy, as they are particularly 

effective in reduction of mortality and incidence 

of re-MIs in T2DM patients. If there are no 

obvious contraindications, oral beta-adreno-

blockers are recommended for all T2DM 

patients with ACS (level of evidence A) (4, 60). 

The course of T2DM in patients receiving insulin 

or oral glucose-lowering drugs can be compli-

cated with hypoglycemic conditions. Non-

selective beta-adrenoblockers can prolong and 

mask the neurovegetative symptoms of hypo-

glycemia. That’s why selective beta-adreno-

blockers are the agents of first choice in ACS 

with T2DM; their impact on neurovegetative 

signs is significantly less pronounced compared 

to non-selective beta-adrenoblockers. 

Currently, there is an evidence that carvedilol – 

non-selective beta-adrenoblocker possessing 

alpha1-adrenoceptor blocking activity – is 

parti cularly safe in terms of effects on 

neurovegetative manifestations in hypoglycemic 

conditions (57, 60). Carvedilol is able to reduce 

insulin resistance, therefore its use in T2DM 

patients especially in combination with chronic 

heart failure (CHF) has advantages in 

comparison with other beta-adrenoblockers 

(level of evidence B) (4).

Selective beta-1-adrenoblockers (meto-

prolol, bisoprolol) are useful in patients with 
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reduced heart rhythm variability, often detected 

in T2DM patients as a sign of DACN (61). It is 

manifested as rigid pulse with high heart rate 

requiring higher doses of beta-adrenoblockers 

compared to non-T2DM patients (60). Long-

acting agents (24 hours) with better cardio-

selective action are preferable, i.e. bisoprolol. 

Beta-adrenoblockers with peripheral vaso-

dilation activity (nebivolol, carvedilol) were 

found to have a positive effect on concomitant 

hypertriglyceridemia (level of evidence C). 

The vast majority of T2DM patients have clinical 

manifestations of CHF (62, 63), thus bisoprolol 

and carvedilol are the first-line drugs (level 

of evidence А) (60, 64). Additional properties of 

nebivolol, namely modulation of the endogenous 

synthesis of nitric oxide and reduction of 

oxidative stress severity, improve endothelial 

function, thus increasing the clinical efficacy 

and ability to improve prognosis in patients with 

heart failure and T2DM. The clinical status of 

patients improves with nebivolol (65). Due to 

reduction in the sympathetic nervous system 

activity, absence of intrinsic sympathomimetic 

activity and realization its effects through 

activation of endothelial nitric oxide (NO) 

system, nebivolol reduces post-ACS mortality 

in T2DM patients which is confirmed by several 

large studies (level of evidence А) (66).

Angiotensin-converting-enzyme inhibitors 

(ACEIs) are widely used within the first day after 

AMI (57, 67). They are particularly effective in 

patients with large myocardial necrosis, 

reduced LV function and ejection fraction (EF) 

<40%, symptomatic heart failure and T2DM 

(68). In T2DM patients, coronary lesions often 

manifest as clinical heart failure combined 

with low EF and in case of decompensation 

or without pharmacological correction of 

affected CM – with a “metabolic ischemia” 

of the myocardium. Given that many T2DM 

patients with ST-elevation AMI have unstable 

hemodynamics within the first hours, it is 

recommended to start treatment with low-dose 

ACE inhibitors (57). If systolic BP is < 100 mm 

Hg, the agents should be temporarily cancelled, 

and after BP recovery, the treatment may be 

restarted with the reduced dose. During 

treatment, creatinine and potassium levels in 

the blood serum should be monitored, espe-

cially in case of impaired renal function (60), 

which is often found in T2DM patients – diabetic 

nephropathy. The MDRD study showed that 

if glomerular filtration rate (GFR) is < 25 ml/min, 

ACE inhibitors are dangerous because of their 

hypotensive action with renal failure worsening. 

Meanwhile, ACEI benefits overweigh the risk of 

complications in patients with GFR > 25 ml/min 

(69). Analyzing the literature and programs of 

All-Russian and international cardiology confe-

rences, forums and meetings over 2011–2013, 

we found only a few publications and reports 

dedicated to the issues of pathogenesis, 

epidemiology and treatment strategies in T2DM 

patients with AMI complicated with ALVF. Thus, 

once again we need to return to the real facts of 

today: namely, approximately 30% of AMI 

patients admitted to the hospitals have impaired 

CM; ALVF-complicated AMIs are 3 times as 

often in T2DM patients; mortality in T2DM 

patients with AMI is 2 times higher compared 

with patients with normal CM. The investigation 

of mortality causes in T2DM patients with AMI is 

of primary importance for justification of the 

program for CVD prevention and mortality 

reduction in this large population.
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One of the important neurological problems 

is the treatment of patients with cerebral 

vascular accident, primarily due to high 

incidence of such a severe disease as ischemic 

stroke. Mortality from cerebral vascular 

accident (CVA) in economically developed 

countries ranges from 12 to 29% second only 

to heart diseases and malignancies (1, 2). 

Among the main causes of ischemic stroke, 

there are extracranial atherosclerotic lesions of 

the brachycephalic arteries (BCAs) and 

intracranial atherosclerosis accounting for up 

to 70% and 8–9%, respectively (3, 4). The 

surgical treatment options for BCAs athero-

sclerosis are proved to reduce significantly the 

risk of CVA and improve prognosis in these 

patients (4–8). The endovascular treatment 

option for BCAs atherosclerosis – stenting – 

has been increasingly used. The outcomes of 

these interventions are currently non-inferior to 

carotid endarterectomy (CE) and superior 

significantly to open procedures in case of 

lesions of the vertebral arteries, intracranial 

parts of BCAs, and before CABG (4, 7, 8).

To improve the results of endovascular 

treatment of BCAs stenotic lesions, the possible 

complications and measures of their prevention 

should be analyzed. Peri-operative and post-

operative complications after BCAs stenting 

may be mild and severe. The mild complications 

include: carotid arterial spasm, hypotension-

bradycardia, and TIA; the severe ones are: 

distal embolism, intracranial hemorrhage, 

hyperperfusion syndrome, arterial dissection, 

carotid artery rupture, acute in-stent 

thrombosis, contrast-induced reaction (9).

Mild complications. 1. Intra-operative 

hypotension and bradycardia. Bradycardia or 

asystole often manifests as physiological 

reaction to balloon dilatation in the carotid body 

area (carotid artery bifurcation) (10). Such 

hemodynamic instability can be prevented by 

temporary pacing or administration of atropine 

0.5–1 mg. Higher doses of atropine should not 

be administered to elderly subjects, as it may 

make difficult the assessment of their 

neurological condition and cause exacerbation 

of cardiac pathology. For early detection of 

complications and appropriate measures to be 

taken, it is reasonable to closely monitor 

hemodynamics in all patients during the 

intervention and within the first hours after it. It 

should be noted that in case of clinical signs, 

other possible causes of hypotension/

bradycardia must be excluded: acute bleeding, 

heart diseases, bleeding from the vascular 

access. Patient’s hemodynamics should be 

immediately stabilized in the following cases: 

occluded contralateral carotid artery, severe 

vertebrobasilar stenosis, significant stenoses 

of the intracranial BCAs, progression of 

neurological symptoms related to distal 

embolism. In practice, hypotension is well 

managed by intravenous hydration and/or low 

doses of vasopressors (11).
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reviews various complications related to stenting of the aortic arch arteries, methods of their prevention, 

diagnosis, and treatment.
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2. Prolonged postoperative hypotension 

occurs after 4–11% of carotid stentings (CSs) 

(12). Usually, it is not associated with any 

adverse effects during hospitalization. However, 

some studies demonstrated adverse conse-

quences associated with this clinical event (13). 

Perhaps, hypotension is more pronounced in 

patients with hypovolemia or heart disease 

progression. The independent predictors of 

prolonged hypotension after BCAs stenting are: 

age, transient hypotension during balloon 

dilatation, use of self-expanding stents, stenting 

of calcified stenosis (9). The prolonged hypo-

tension after CS is usually caused by sinocarotid 

reflex. Stimulation of the carotid body leads to 

reflex hypotension and bradycardia. The 

correctness of this judgment can be confirmed 

by the fact that this complication does not 

develop when intracranial parts of BCAs and 

vertebral arteries are stented. To prevent the 

difficulties associated with this situation, it is 

necessary to closely monitor BP and HR during 

and after intervention. Usually, this complication 

is well managed with intravenous hydration 

and/or low doses of vasopressors (9, 14). 

However, if hypotension is observed on Day 1 

after intervention, complication at the femoral 

artery puncture site should be considered.

3. Arterial spasm. Reflex narrowing of the 

internal carotid artery (ICA) or vertebral artery 

(VA) after the filter placement or deep arterial 

cannulation with guiding catheter is a compli-

cation that often resolves spontaneously after 

device withdrawal from the artery (15). Caution 

during intervention and application of guiding 

catheter with soft tip minimize the possibility of 

arterial spasm. This complication may be 

particularly dangerous in case of significant 

atherosclerotic lesions of the contralateral 

arteries or incomplete circle of Willis. Intra-

arterial nitroglycerin 100–400 μg or calcium 

antagonists through the guiding catheter 

usually resolve spasm quickly (10, 15).

Severe complications. 1. Subarachnoid 

hemorrhage. This complication, according to 

various data, occurs approximately in 0.3% of 

cases (9, 10). Clinical sign of this severe 

complication is loss of consciousness preceded 

by severe headache in the absence of 

intracranial artery occlusion. The angiographic 

signs may be as follows: generalized vascular 

spasm or extravasation of contrast medium. 

The diagnostics option is an emergency com-

puted tomography (CT). The probable causes 

of spontaneous intracerebral hemorrhage are: 

intensive anticoagulant therapy, hypertension, 

arterial aneurysms, prior ischemic stroke 

(>3 weeks earlier), injuries of intracranial 

arteries caused by guidewires or other devices 

(9, 10).

2. Brain hyperperfusion syndrome. It is 

repor ted in 0.3–2.7% of cases (16–18). The 

clinical manifestations are prolonged head-

aches, nausea, vomiting, increased blood pres-

sure, seizures, loss of consciousness, and 

intracranial bleeding. The mortality rate related 

to intracranial hemorrhage with hyperperfusion 

syndrome is 36-63%. The factors triggering 

this syndrome are: critical carotid artery 

stenosis, insufficient collateral blood flow, 

occluded contralateral BCA, recanalization of 

occluded BCA, simultaneous stenting of two or 

more BCAs. The pathophysiological mecha-

nisms include long-term hypoperfusion and 

impaired autoregulation of microcirculation. 

Perfusion pressure increases after revascula-

rization, however, microvasculature is not able 

to capture the increased blood volume and the 

clinical signs develop. The hyperperfusion 

syndrome is diagnosed on the basis of clinical 

data and results of transcranial Doppler (TCD). 

The measures to prevent this dangerous 

complication include early diagnosis and BP 

monitoring during intervention and after it 

(7, 16, 18, 19).

3. Distal embolism. Symptomatic distal 

embo lism is the most common and serious 

complication of BCAs stenting and caused by 

thrombotic or atherogenic masses dislocated 

in the distal segment. Prior to era of the distal 

embolic protection devices, the incidence of 

ischemic strokes due to this complication 

reached up to 22%. Owing to widespread 

introduction of the embolic protection devices 

into clinical practice, these complications are 

currently 4 times less common (9, 11, 13, 20). 

However, it is difficult to use the embolic 

protection devices for stenting of the intracranial 

parts of the BCAs and V3–V5 segments of the 

Vas; this, in turn, may increase the risk of this 

complication. The risk factors for distal 

embolism associated with BCAs stenting 

include: soft atherosclerotic plaque or fresh 

blood clot, medical therapy (previous 

inadequate treatment with two antiplatelet 

agents, resistance to clopidogrel, inadequate 

heparin therapy during intervention), technique 

of stenting (intervention without embolic 

protection system, sudden movement of stent 

or balloon catheter, “forced” pushing the stent 

through a calcified atherosclerotic plaque, 

multiple attempts to guide the tools through a 
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tortuous artery) (9). During intervention it is 

necessary to evaluate the patient’s neurological 

deficits or, if it is not possible, to monitor 

cerebral blood flow using TCD (6, 21, 22). 

If neurological symptoms deteriorate, CA 

should be performed to localize the emboli and 

degree of collateral blood flow. When carotid 

artery (CA) or vertebrobasilar branch is stented, 

the emboli typically move to the distal parts of 

ICA and MCA or basilar artery and PCA, 

respectively. If the emboli are detected, the 

measures should be taken to recanalize cerebral 

arteries (thrombus extraction, selective 

thrombolytic therapy, balloon angioplasty or 

use of platelet glycoprotein IIb/IIIa receptor 

antagonists). If these procedures are impossible 

or inadequate, standard treatment for ischemic 

stroke is conducted. In parallel, it is necessary 

to manage hemodynamics and, if the patient is 

agitated, to perform general anesthesia. 

It should be considered that the changes 

in neurological status may also be associated 

with intracranial hemorrhage, hyperperfusion 

syndrome, or contrast-induced reaction. 

If multiplane angiogram demonstrates no sign 

of distal embolism, a brain CT should be 

performed to exclude hemorrhage.

4. Arterial dissection. This complication is 

quite rare, but has serious consequences 

(9, 23). The detachment of the intimal layer may 

lead to thrombosis, distal embolism and/or 

complete occlusion of the artery. The factors 

increasing the risk of dissection are: BCA 

tortuosity or “loops”, damage caused by tools 

(guiding catheter, distal embolic protection 

device, balloon catheter, stent delivery system 

or stent), aggressive manipulation of tools. This 

complication may have no clinical signs. To 

diagnose arterial dissection, angiography 

should be performed after intervention not only 

in the interventional area but in the distal and 

proximal parts of BCA (preferably in two or 

more projections). Typically, the dissection is 

easily resolved with stenting, so before 

performing interventions in the catheterization 

laboratory, a set of stents and tools to manage 

this serious complication should be available. 

If there are signs of thrombosis, it is advisable 

to use platelet glycoprotein IIb/IIIa receptor 

antagonists (9, 23, 24).

5. Artery rupture. This complication is rarely 

reported in the literature. Cremonesi A. et al. 

reported only one (0.08%) carotid artery rupture 

in 1150 patients who underwent CA stenting 

(25). The cause of this complication is the large 

diameter of balloon-extended stent or balloon 

catheter for post-dilatation. To prevent this 

complication, a sufficient set of tools should be 

available in the cath lab and surgical intervention 

should be thoroughly prepared (9, 24).

6. Acute in-stent thrombosis. This compli-

cation is also very rare (9, 11, 24). It is caused 

by inadequate antiplatelet therapy, in particular, 

resistance to clopidogrel, patient’s refusal to 

take medications, or coagulopathy. The risk of 

in-stent thrombosis is also affected by operative 

factors, such as selection of the stent with 

appropriate diameter, adequate blood flow 

within the stent and dissection of the proximal 

and distal segments of the artery. If thrombosis 

occurs during intervention or in the early 

postoperative period, it is advisable to assess 

neurological signs and extent of brain lesions, 

as well as to consider the thrombus extraction 

and thrombolysis. In case of asymptomatic in-

stent thrombosis in the postoperative period, 

the antiplatelet therapy should be modified and 

prolonged. Excessive aggressive treatment of 

asymptomatic acute thrombosis may lead to 

distal embolism and is not always justified. For 

treatment of acute symptomatic in-stent 

thrombosis, it is advisable to take into account 

the condition of the cerebral arteries and use 

the proximal protection system and thrombus 

extractors for removing emboli from the distal 

BCA, as well as platelet glycoprotein IIb/IIIa 

receptor antagonists or fibrinolytic agents 

(9, 11, 23).

7. Contrast-induced encephalopathy. This 

complication is extremely rare (< 0.1% cases) 

and usually associated with prolonged 

procedure and large amount of contrast 

medium. The patient may develop neurological 

deficit, although there are no contrast-

enhanced defects in BCA and CT provides no 

evidence of intracranial hemorrhage. The cont-

rast medium is known to not penetrate the 

blood-brain barrier and the neurological deficit 

can be explained by distal embolism with 

particles of contrast medium. Usually, patients 

completely recover in 24 hours. There is no 

permanent neurological deficit (9, 26).

Predictors of complications were investigated 

in numerous studies. For example, Herbert D. 

et al. investigated predictors of CS complications 

in 2104 patients with a high risk for CE. The 

study involved 84 multidisciplinary clinics. 

1.3% of patients died during hospitalization: 

9 (0.4%) patients from CVA, other died from the 

puncture site complications or other causes; 

25 (1.1%) and 87 (4%) patients had AMI and 

CVA, respectively. 30-day CVA and neurological 
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death were reported in 88 (4.2%) patients. The 

majority (91%) of these events occurred within 

two weeks after intervention. The main 

predictors of 30-day CVA and death were as 

follows: age ≥66 years, symptomatic stenosis 

of the ICA, as well as clinic experience. The 

following predictors of complications were 

identified using multivariate analysis: age over 

70 y.o. (continuous variable), Afro-American 

race, angiographic visible thrombus in the ICA 

(in symptomatic patients), IIb/IIIa receptor 

inhibitor used during intervention, procedural 

TIA, residual stenosis >30%, intraoperative use 

of agents to increase systemic blood pressure. 

After multivariate analysis, only age over 70 y.o. 

(RR = 1.05; 95% CI: 1.03–1.08; p = 0.001) and 

CVA within 180 days before CS (RR = 2.56; 95% 

CI: 1.13–5.79; p = 0.024) were statistically 

significant (26).

The question on the complication risks in 

elderly patients is currently controversial. 

Several large studies demonstrated the 

increased risk of complications in elderly 

patients. The objective of the study conducted 

by R. Zahn et al. was to identify the influence of 

age on risk of postoperative complications after 

1870 CSs. Operation time, duration of in-

hospital stay, intraoperative complications, and 

problems at the puncture site were significantly 

increased in the group of patients aged from 

70 to 79 y.o. and older (5.5 versus 3.2%; 

RR = 1.79; 95% CI: 1.04–3.06, p = 0.032). 

Logistic regression analysis showed that age 

from 70 to 79 y.o. was a strong factor for in-

hospital mortality and stroke (p < 0.001), 

whereas the age group of 80 y.o. and older 

demonstrated only a trend to increased number 

of adverse events (р = 0.062) (27).

Stenting results often depend on the type of 

tools used for intervention. In particular, A. 

Cremonesi et al. evaluated the results of CS 

using open- and closed-cell design stents in 

1317 patients with symptomatic stenoses of 

the cervical segment of the ICA. Most inter ven-

tions were performed using the distal protection 

devices. 30-day adverse events (CVA, AMI, and 

death) were observed in 48 (3.6%) patients. 

30-day adverse events were reported in 2.2% 

and 7% of patients who were implanted with 

closed- and open-cell design stents, respec-

tively (р < 0.0001). The authors conclude that 

the best results were obtained when the closed-

cell design stents (tighter weaving) were used 

due to tighter pressing of the injured intima, 

blood clots, and atheromatous masses and, 

consequently, lower frequency of distal embo-

lism and in-stent thrombosis. The authors 

consider the tortuosity of the carotid arteries as 

the main reason for intra-operative technical 

difficulties (28).

It should be noted that post-CS complications 

usually lead to severe neurological disorders; 

therefore, when endovascular treatment of BCA 

stenoses is planned, the possible complications 

and ways of their management should be 

considered. Based on the reviewed literature 

(1–41), we tried to formulate the algorithms for 

diagnosis and treatment of post-BCA stenting 

complications (see Table). 
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