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ABSTRACT 
Objective : estimation of beating heart coronary bypass operations at patients with the ischemic hear
t disease and its complicated forms and comparative estimation of its results with the operations 
performed by using cardiopulmonary bypass . 
Material and methods . We have analyzed 280 patients with the ischemic heart disease and its com
plicated forms. These patients were divided into two groups: first group - 142 patients who undergone 
On-Pump coronary bypass surgery and second group - 138 patients whom performed Off-Pump 
coronary revascularization. The inclusion criteria were following: patients with ischemic heart disease 
with its complicated forms, like as, decreased contractility of myocardium, left ventricle aneurysm, 
ischemic mitral insufficiency . 
Results . In all cases were performed coronary bypass grafting operations. 142 patients undergone 
coronary bypass grafting operation with the use of cardiopulmonary bypass and the rest 138 cases 
were performed on the beating heart . We have estimated the frequency of perioperative myocardial 
infarction, stroke and the clinical data of all operated patients. 
Conclusion . Coronary bypass grafting operations at the patients with the ischemic heart disease and 
its complicated forms shows good results at the shot - term postoperative follow up, which can lead 
to the improvement of quality of life. At the presence complications such as calcified lesions of aorta, 
it is better to perform coronary bypass grafting on beating heart with the 
use No - Touch Aorta technique , by the meaning of the minimization of various neurologic 
complications. 
Key words: ischemic heart disease, complicated forms, surgical treatment. 

抽象的 

目的：对缺血性心脏病及其复杂形式患者跳动心脏冠状动脉搭桥手术的评估，并与体外循环

手术的结果进行比较评估。 

材料与方法 。我们分析了 280 名缺血性心脏病及其复杂形式的患者。这些患者分为两组：第

一组 - 142 名接受体外循环冠状动脉搭桥手术的患者和第二组 - 138 名进行非体外循环冠状动

脉血运重建术的患者。入选标准为：心肌收缩力减退、左心室动脉瘤、缺血性二尖瓣关闭不

全等复杂形式的缺血性心脏病患者。 

结果 。在所有情况下都进行了冠状动脉旁路移植术。 142例在体外循环下进行冠脉搭桥术，

其余138例在跳动的心脏上进行。我们估计了所有手术患者的围手术期心肌梗死、卒中和临床

数据的频率。 

结论 。缺血性心脏病及其复杂形式的冠状动脉旁路移植术在短期术后随访中显示出良好的效

果，可提高生活质量。有主动脉钙化病变等并发症时，最好采用无接触主动脉技术对跳动的

心脏进行冠状动脉搭桥术，目的是尽量减少各种神经系统并发症。 
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Introduction 
The current state of treatment of ischemic heart 
disease by therapeutic and surgical methods 
shows good results, but despite this, there is an 
increase in patients with its complicated 
forms [ 12 ]. 
Today, invasive interventions remain effective 
methods of treatment, which provide stable 
favorable results of these types of treatment [ 1 , 
7, 10 ]. 
More than ¾ of patients who undergo coronary 
artery bypass grafting suffer from complicated 
forms of coronary artery disease [ 3 , 5 , 
18]. Complicated forms of ischemic heart 
disease include postinfarction heart failure 
(PIHF) with severe myocardial dysfunction, left 
ventricular aneurysm , widespread 
atherosclerosis with multivessel coronary artery 
disease , mitral valve lesions, rhythm and 
conduction disturbances [ 2 , 4, 19 ]. 

Today, complications of acute 
myocardial infarction such as left ventricular 
aneurysm, postinfarction ventricular septal 
defect and mitral insufficiency are of particular 
difficulty. Ischemic mitral insufficiency (IMI) 
develops in about one fifth of patients after acute 
myocardial infarction (AMI) and in half with 
congestive heart failure. As a serious disease 
with a poor prognosis, the medical device 
doubles the mortality rate after myocardial 
infarction and heart failure [ 4 , 6 ]. 

Today, indications for surgical treatment 
of IMI are determined by left ventricle (LV) 
contractile function and the degree of 
myocardium failure. The tactics from the side of 
the coronary arteries do not differ from those in 
the case of isolated coronary lesions. 

The most common is the view that in the 
absence of structural anomalies and I stage IMI 
surgical intervention mitral valve is not usually 
shown as III and IV degree of mitral 
insufficiency requires surgical correction of 
mitral defect simultaneously with performing 
coronary bypass [ 4 , 6 ]. However, there is still 
no clear definition of indications for 
myocardium surgery when performing coronary 
artery bypass grafting (CABG) and in the 
presence of grade II MI. Opinions on this matter 
are contradictory and remain controversial [ 4 , 
1 7 ]. On the one hand, an increase in the volume 
of surgery, the duration of artificial circulation 
(AC) and myocardial ischemia increase the risk 
of intervention. On the other hand, an 
uncorrected MI is one of the reasons for the 
progression of heart failure in the long-term 
postoperative period [ 4 , 1 6 ]. 
Surgical intervention in such patients may in 
itself be the cause of severe complications, which 
in some cases lead to death [ 2 , 1 1 ]. 
Based on the above it can be noted that the 
invasive treatment of coronary artery disease 
with its complicated forms is still a 
challenging s first task. The modern approach in 
the treatment of ischemic heart disease, such as 
correction by therapeutic and surgical methods, 
can improve the prognosis of treatment for this 
contingent of patients. 
In patients with reduced myocardial contractility, 
coronary artery bypass grafting has advantages 
over drug therapy in the long-term follow-
up. [ 13, 14 ] 

Operation of direct myocardial revascularization 
in patients with reduced myocardial contractile 
ability is associated with high rates of mortality 
and morbidity [ 2 , 8, 14 ]. 
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In the world it is still debated question of the 
method of surgical treatment of this 
pathology. Most surgeons, standard methods for 
the surgical treatment of ischemic heart disease 
using standard cardioplegic solutions, assuming 
it is the most reliable method to maintain the 
necessary myocardial ischemia. Approximately 
in 10% of all IHD surgical correction marked low 
cardiac output syndrome, regardless of the 
solution for cardioplegia [ 9, 10, 15, 19 ]. 
The latest trend in coronary surgery shows that 
there has been an increase in interest in 
performing coronary bypass surgery without the 
use of artificial circulation in order to reduce the 
negative effects of the latter on general 
myocardial ischemia. Comparative results of 
coronary artery bypass grafting performed on a 
beating heart in comparison with operations 
performed using cardiopulmonary bypass in 
patients with reduced myocardial contractility 
demonstrate better results in the early 
postoperative period [ 15 ]. 
Recently, coronary artery bypass surgery is 
increasingly performed in patients with diffuse 
coronary artery disease using composite bypass 
grafting. For this reason, it is important to 
compare the initial state of patients with the 
results of their treatment, as well as to study 
various approaches in the formation of 
anastomoses of such patients. 

The aim of our study: to evaluate the 
effectiveness of the operation of coronary artery 
bypass grafting (CABG) in 
the working heart in patients with complicated f
orms of is chemic heart 
disease and comparative evaluation with the 
results of operations in the conditions of 
artificial blood circulation. 
 
Material and methods 

The study group included 280 patients with 
coronary artery disease with various complicated 
forms. Patients were divided in two groups: 1 
group  - 142 patients, who performed operation 
of coronary bypass surgery with the use of an 
artificial blood circulation ( On - Pump ) , 2 group 
- 138 patients undergoing surgery of coronary 
artery bypass grafting on the working heart ( Off 
- Pump ) ... All patients underwent general 
clinical and instrumental research methods , 
including ECG, EchoCG, coronary 
ventriculography. 

General information of patients in both groups is 
given in Table 1. There is no significant 
differences among groups depending on age, sex 
and stenocardia of the higher class.

  
Table No. 1. General characteristics of patients in both groups.    

No. Indicators 1 -group 
On - Pump 
( 142 patients ) 

2 -group 
Off-Pump 
( 138 patients ) 

1 Average age, in years. 59.4 ± 4.3 60.8 ± 3.45 
2 Males n , (%) 124 (8 4 , 5 ) 123 (8 9.1 ) 

3 Angina FC III - IV n , (%)  106 (7 4 , 6 ) 113 ( 81.9 ) 
4 Unstable stenocardia n , (%)                       2 5 ( 1 7.6 ) 24 ( 17.4 ) 
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5 AMI in anamnesis n , (%) 118 (8 3 , 1) 121 (8 7 , 7 ) 
6 FC III - IV according to NYHA n , (%)   126 (8 8 , 7 ) 124 (89, 9 ) 

7 Heart rhythm disturbances n , %) * 17 ( 12) 3 (2.2) 
8 Sugar diabetes II type n , (%) 76 (53.5) 64 (46.8) 

9 Hemodynamically significant lesions of 
the carotid arteries n , (%) * 

      18 ( 1 2 , 7 ) 32 ( 23.2 ) 

* - p < 0.05 
  
Patients with angina pectoris included in 

the study are mainly represented by functional 
class III-IV in both groups. The 
remaining sick e had unstable angina. Before su
rgery , the most common complication 
of coronary artery 
disease was heart failure; in most patients it corr
esponded to FC III - IV according 
to NYHA ( 88 , 7 % and 89 , 
9%, respectively) . The vast number of patients 
( 8 5.4 % ) suffered myocardial infarction in the 
anamnesis. Rhythm disturbances were 
observed in 7 , 15 % 

of patients. Sugar diabetes II type was at 76 (53.
5%) patients in the first 
group and in 64 (46.8%) patients of the 
second group and in half of them it was 
combined with 
obesity. Patients with hemodynamic stenosis bra
chycephalic arteries in 18 (12.7%) in the 
first group and in 32 ( 23.2 %) of the 
second groups e and over 60% of them from 
anamnesis suffered stroke and TIAs.   

The results of the EchoCG data 
are presented in Table 2. 

 
Table 2. EchoCG indices in patients before surgery . 

No. Indicators 1st group 2nd group 

1 
EDV LV, ml 183 , 5 ± 

12 , 3 
191.7 ± 14.2 

2 EF LV % 42 , 8 ± 4 , 9 43 , 6 ± 6 , 1 
3 EF <35% n , (%) 67 (47.2) 56 (40.6) 

4 
Calcification of the ascending department of 
aorta, n , (%) * 

2 (1.4) 13 (9.4) 

5 
Moderate ischemic mitral regurgitation 
( IMN - 2nd stage) n , (%) 

35 (24.6) 28 (20.3) 

6 LV aneurysm , without thrombus n , (%) 53 (37.3) 64 (46.4) 

7 
LV aneurysm with fixed parietal thrombus n , (%) 
* 

19 (13.4) 2 ( 1.5 ) 

8 LV aneurysm with loose thrombosis n , (%) *   35 (26.6) 9 (6.5) 

9 Chronic rupture of the interventricular septum 2 (1.4) - 
    * - p <0.05 
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As can be 

seen from Table №2, left ventricle aneurysm (L
VA) without thrombus was observed 
in 53 and 64 patients , 
respectively, both groups. In our m studies and 
data patients conditionally 
divided to 2 groups according of this dec al and 
Referring tactics surgical treatment: 
LVA without thrombus and LVA with thrombus
. In cases detection LVA without thrombus carri
ed operation isolated coronary artery bypass 
grafting on the 
working heart or also in conditions parallel to 
the artificial circulation. 

In 
the study were included patients with ischemic 

mitral insufficiency 2 degree according 
patients also carried isolated CABG without cor
rection 
of valvular pathology later in remote periods 
estimated 
dynamics changes valvular pathology in this cat
egory of patients. 

In two patients the first group had 
a place of chronic rupture of the interventricular 
septum, carried out a correction of 
this complication. 

The results of 
the study according to coronary angiography 
are presented in Table 3. 

  
Table 3. The severity of the lesions of the coronary arteries in the examined 

patients before surgical treatment ( n / %). 
No. Cardiographic results 

    1st group 2nd group 
1 three-vessel lesion and more 94 66.2% 86 62.3% 

2 two-vessel lesion 34 24% 42 30.4% 
3 stem lesion *   28 19.7% 6 4.3% 

4 Blood supply type 
- right 
- left 
- balanced 

  
102 
18 
22 

  
71.7% 
12.7% 
15.6% 

  
98 
23 
17 

  
71% 
16.7% 
12.3% 

5 Number 
of occluded vessels *                         

98 69% 103 74.6% 

* - p <0.05 
  

As can be 
seen from Table 3, no significant differences we
re observed in the severity of coronary 
artery disease in both groups . More than in 60
% of both groups took place the defeat of 
multivessel nature, that points to 
the heavy nature of the lesions of patients 

with coronary artery 
disease included in this study.   

Results. All patients 
in both groups underwent coronary 
artery bypass grafting, of which in 
142 cases with the use 
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of artificial circulation and in 138 cases with a b
eating heart. 

And zuchali incidence of 
perioperative myocardial infarction (MI) , acute 
violation of cerebral 

circulation (stroke) and clinical s performance o
f patients in the near term observation. 

The nature of the operations performed 
is shown in Table 4  

 
Table 4 . Characteristics of intraoperative indicators . 

No. 
Options Group 1 

(n = 14 2) 
Group 2 
(n = 138 ) 

    n % n % 

1 

Operation volume     
- 4 shunts 
- 3 shunts 
- 2 shunts 
- 1 shunt 

1 7 
48 
37 
40 

12 
% 
33.
8 % 
26 
% 
28.
2% 

- 
3 9 
56 
43 

  
28.3
 % 
4 0, 
6 % 
31 , 
1 % 

2 
Using LVGA 14 

1 
99.
3 % 

138 100
% 

3 

Completeness of revascularization * 
- full          

     - incomplete    

  
118 
24 

  
83.
1% 
16.
9% 

  
106 
32 

  
7 6.
8% 
23.2
% 

4 
Prompt intervention by ministerial access* 

3 
2.1 
% 

12 
8.7 
% 

5 

- CABG + thrombectomy of the left ventricle, 
aneurysmplasty LV                

  

  
37 

  
26 
% 
  

-   

6 
- Use of techniques and No - Touch Aorta n , (%) *          

2 
1.4 
% 

14 
10.1
 % 

7 
CABG + aneurysmplasty + restrictive annuloplasty MK  
with strengthening stiff they reference support ring*             12 

8.4
5 
% 

  
- 

  
  
  

8 
- Plastic tear of the interventricular septum          

2 
1.4 
% 

-   
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9 
Operation duration, min * 220.6 ± 

18.6 
168.7 ± 
16.4 

1 0 
Average time of artificial circulation, min *     98.6 ± 

19.3 min 
- 

* - p <0 , 05 
  

In both groups more than in 60% of 
cases CABG was basically performed in 2 and 3 
coronary arteries. The most complete CABG 
was performed in the group with the use 
of artificial 
circulation ( 83.1% versus 76.8%, respectively, 
in both groups). 12 patients second group 
completed coronary bypass operation  on 
one or two coronary arteries from mini-
sternotomic access (lower L-shaped mini-
sternotomia) . In the first group mini-
sternotomia performed in 3 patients with LVA, 
data of patients connection to the AIC 
performed through the femoral artery 
and vein, then the shunted one of the coronary 
arteries with aneurysmoplasty. Because of the 
availability of pronounced calcification of the 
ascending aorta proximal anastomoses were 
sewn to the 
left mammary artery (1.4% and 14% , 
respectively), which allowed to 
reduce neurological complications associated wi
th damage to the brain brain in the 
postoperative period. In 26% of cases in the 
first group perform CABG with thrombectomys 
of LV and aneurysmoplasty of second LV , due 

to the large size of the aneurysm with the 
presence of 
fresh thrombus. When intraoperative echocardio
graphy in 12 patients of the first group showed 
worsening degree of 
mitral insufficiency in connection with what wa
s conducted correction insufficiency of the 
mitral valve.       

Directly in 
the early postoperative period of AMI was 
observed in the 1.4% and 2.2% of cases, 
respectively, both groups of patients. On 
the 1st day after the operation, two patients 
of the 
first group developed acute myocardial infarctio
n, the cause was a severe diffuse lesion of all 
epicardial vessels. The reason for 
the development 
of acute myocardial infarction after surgery in 
the second group was 
the initial unstable condition of 
the patients. Patients had defeated trunk LCA, 
clinic ACS , in connection with what was and o
perated in an emergency m order. 

The data of the immediate results of 
the operation are shown in table # 5. 

Table 5. Immediate results. 
No. Indicators 1st group 2nd group 

1 Perioperative 
myocardial infarction n , (%) 

2 ( 1.4 ) 3 ( 2.2 ) 

2 Intraoperative mortality n , (%) 0 ( 0 ) 0 ( 0 ) 

3 Average duration of mechanical ventilation, hour * 7.6 ± 2 , 2 3, 6 ± 0,8 
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4 Average pr e b s vanie in resuscitation compartment and , h *   2 7 , 3 
± 3 , 4 

18,9 ± 2 , 4 

5 Rate of drainage losses (1st day) ml / kg * 4.3 ± 0.7 2.7 ± 0.5 

6 Inotropic support n , (%) *   98 (69) 62 (44.9) 
7 Cerebral complications n , (%) 3 (2.8) 3 (2.2) 

8 Hospital mortality 0 (0) 0 (0) 
    * - p <0.05 

  
As seen from the table, in the group of 
patients who performed an operation on 
working heart with Independent 
user during finding a branch intensive therapy a
nd for artificial ventilation 
was much lower in comparison with patients of 
the second group. Operation on working heart in 
conditions of parallel ischemic crisis was 
performed in 16.2% of cases the 
first group. The inotropic 
support needed 45 (62.5%) patients of the 
first group and 18 (24.6%) patients of the 
second group. Neurological complications were 
observed only in the 
first group in 3 (2.8%) patients, in transient 
violations solutions 
of cerebral circulation. Hospital mortality 
was not observed in both groups. 
Conclusions.  CABG operations in patients 
with coronary artery disease with complicated 
forms show good results in the 
immediate postoperative period , allowing you 
to improve the quality of life of the patient . In 
case 
of diffusive lesions and coronary artery also has 
the opportunity to perform revascularization of 
myocardium without artificial circulation. Appli
cation 
of composite CABG justified by diffusive lesion
s of the coronary arteries, a safe and 
advantageous technique in this category of 
patients. In patients with aneurysms in the left 

ventricle without thrombus with mixed type it 
can be 
performed CABG on working heart without corr
ection of aneurysm in LV. 
In patients with ischemic heart 
disease with moderate ischemic 
mitral insufficiency it can 
be conduct operations in 
isolation of coronary second shunt on beating 
heart, since both its immediate 
results reliably did 
not differ from those with operations with the 
use of IR.   
When the presence of such complicated forms 
of coronary artery disease as 
a calcified lesion I aortic preferably perform sur
gery CABG on working heart with use of 
equipment No - Touch Aorta , to minimize 
the risk of occurrence 
of neurological complications . 
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