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INTRODUCTION
It is known that the results of coronary artery bypass graft 
(CABG) surgery depend on the state of cardiac contractile 
function, on the degree of coronary heart disease atheroscle-
rosis, on the presence of concomitant diseases, and other fac-
tors. Echocardiography is currently the major method for the 
pre-operative heart condition assessment and its parameters 
can serve as prognostic predictors of the outcome of CABG 
surgery [1]. It is believed that the accuracy of the forecast in-
creases if the complex of echocardiographic parameters and 
their dynamics in pharmacological tests are taken into account 
[2]. It is shown that patients with significant left ventricular 
systolic dysfunction (LVEF < 35%) have an increased risk of 
complications leading to death [3]. Additionally, evidence in-
dicates that such patients after CABG surgery have satisfactory 
recovery in the early postoperative period [4].

THE AIM
In the present research, we have studied the results in 
the early postoperative period of surgical intervention in 

patients after underwent CABG depending on the degree 
of decrease in the contractile function of the left ventricle 
of the heart. The aim was to identify additional echocar-
diographic predictors of an unfavorable disease course. So, 
the purpose of the research is to study the results of CABG 
surgery depending on the degree of LVSD reduction with 
the aim to identify additional echocardiographic predictors 
of the early postoperative period.

MATERIALS AND METHODS
The material of the research was the results of CABG in 
97 patients operated on in the “Bikard” private clinic from 
March 2016 to December 2018. All patients underwent 
CABG surgery under cardiopulmonary bypass and cardio-
plegia. All patients in the preoperative period underwent 
echocardiographic examination according to the standard 
technique on the Vivid 7 machine. Patients, depending on 
the left ventricular ejection fraction (LVEF), were divided 
into 3 groups. The first one consists of 35 people with LVEF 
< 40%, the second group  32 people with 40% < LVEF < 
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to LVEF of the heart, can be the size of the left ventricle and left atrial, the presence and severity of mitral regurgitation and diastolic dysfunction of the left ventricle of the heart. 
Conclusions: Comprehensive measurement of these echocardiographic parameters will allow more accurately predict the results of coronary artery bypass grafting in the 
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50%, and the third group  30 people with LVSD > 50%. Av-
erage, standard deviations and standard errors of the mean 
were calculated as descriptive statistics for quantitative 
variables. Differences in means were performed by one-way 
ANOVA test. The Scheffe test was used as a Post Hoc test. 
The critical level was taken equal to 0.05. The calculations 
were carried out in the SPSS  16 program environment. 

The calculations for the qualitative variables were carried 
out on the website http://vassarstats.net/. Fractions were 
calculated; 95% confidence intervals for fractions and the 
proportions were compared using the Z-criterion accord-
ing to the rules on the website.

RESULTS
The studied groups of patients did not significantly differ 
in age, body mass index (BMI), biochemical parameters 
(urea, aspattataminotranferase (AST), total cholesterol, 

low-density lipoproteins (LDL), high-density lipoprotein 
(HDL), triglyceride, blood sugar consists). A significant 
difference between the first and the third groups was in 
creatinine and between the first and second groups  in 
alaninaminotranferase (ALT) (Table I).

According to echocardiographic parameters, a statis-
tically significant difference between the groups was in 
LVEF, left ventricle end-diastolic dimension (LV EDD), 
left ventricle end-systolic dimension (LV ESD), left atrium 
(LA), mitral regurgitation, and left ventricular diastolic 
dysfunction (Table II).

After CABG surgery, three people died in the first group 
of patients with LVEF lower than 40%, (one person  in 
the hospital, and two  after being discharged from the 
hospital for a month), three patients felt worse after the 
surgery than before, and the rest of the patients showed 
improvement of general well-being. In the second and third 
groups, there were no fatal cases, and almost all of them 

Table I. Biochemical parameters of patients depending on the reduction degree in heart’s LVEF.

Parameter Group 1 Group 2 Group 3
Differences in means

Group 1-Group 2 Group 1-Group 3 Group 2-Group 3

Creatinine, µmol/L 125,8±11,3 104,0±10,5 99,0±9,6 0,077 0,029 0,656

Urea, μmol/L 8,6±1,3 6,6±0,6 7,5±0,8 0,135 0,415 0,194

ALT, units/L 29,0±1,2 26,0±1,3 27,0±1,3 0,026 0,133 0,480

AST, units/L 27±1,3 29±1,2 26±1,3 0,156 0,480 0,026

Cholesterol, μmol/L 6,9±1,2 6,3±0,41 5,9±0,9 0,622 0,429 0,474

LDL, μmol/L 2,4±0,5 2,6±0,3 2,3±0,4 0,699 0,850 0,385

HDL, mmol/L 1,9±1,1 1,8±0,8 2,1±0,9 0,931 0,864 0,735

Triglycerides, μmol/L 2,2±1,0 1,7±0,5 1,9±0,7 0,490 0,774 0,793

Blood sugar, µmol/l 7,7±2,3 7,1±1,0 6,7±2,1 0,798 0,686 0,764

Table II. Echocardiographic parameters of the examined patients, depending on the reduction degree in heart’s LVEF.

Parameter Group 1
M±m

Group 2
M±m

Group 3
M±m

Differences in means

1st and 
2nd group

1st and 
3rd group

2nd and 
3rd group

ANOVA

Age, units 63,6±1,6 63,3±1,3 61,7±1,5 0,983 0,665 0,778

Body mass index 31,2±1,2 30,2±3,0 32,3±2,1 0,566 0,461 0,949

EDD 57,3±0,8 56,0±0,7 50,4±0,7 0,518 0,000 0,000

ESD 43,1±0,9 40,8±1,2 34,3±0,7 0,245 0,000 0,000

Intraventricular septum 10,1±0,2 10,9±0,4 9,9±0,3 0,132 0,904 0,062

Posterior wall 10,0±0,2 10,8±0,3 9,4±1,8 0,057 0,995 0,056

Ejection fraction 35,7±0,7 45,1±0,3 54,9±0,8 0,000 0,000 0,000

Left atrium 43,0±1,1 39,5±0,8* 38,2±1,1 0,048 0,004 0,654

z-criterion

Diastolic function 0,571
(0,408-0,720)

0,656
(0,483-0,796)

0,800
(0,627-0,905) 0,476 0,049 0,205

Insufficiency 
(Regurgitation)

0,743
(0,579-0,869)

0,781
(0,612-0,890)

0,500
(0,331-0,668) 0,713 0,043 0,021

Note. М ± m - mean ± standard error
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improved their functional condition in the postoperative 
period. Biochemical analysis data (increased creatinine and 
ALT) in patients with low LVEF (less of 40%) indicate that 
they have renal and hepatic dysfunction. The results of our 
echocardiographic researches showed that, along with a 
low LVEF, predictors of a complicated course of the disease 
in the early postoperative period can be LV dimensions (LV 
EDD and LV ESD), LA dimension, mitral regurgitation 
and left ventricular diastolic dysfunction. Thus, according 
to our data, the group of patients with low LVEF (< 40%), 
had statistically larger LV dimensions (LV EDD = 57.3 ± 
0.8 mm and LV ESD = 43.1 ± 0.9 mm compared to the 3rd 
group: LV EDD = 50.4 ± 0.7 mm and LV ESD = 34.3 ± 0.7 
mm, p <0.001), and LA (43.01 ± 1.1 mm compared to the 
2nd 3rd groups, respectively, 39.5 ± 0.8 mm and 38.2 ± 1.1 
mm; p <0.001). Mitral regurgitation and left ventricular 
diastolic dysfunction were recorded much more often in 
the 1st and 2nd groups of patients compared with patients 
with preserved left ventricular systolic function (p <0.05). 
It should be emphasized that the severity of mitral regur-
gitation and diastolic dysfunction was also higher in the 
group of patients with low LVEF.

DISCUSSION
It is known that patients with low LV contractility are at 
high risk and the mortality rate and complications after 
CABG surgery are higher than in patients with preserved 
LVEF [1-4]. Moreover, there is data about the family-de-
pending of early heart disease development. There were 
registered more younger development of cardiovascular 
syndrome in case different heart diseases have been found 
in the family anamnesis [5]. Gratti G et al. [6] studied 4383 
cases with multiple coronary heart disease who underwent 
CABG in the period from January 1999 to September 
2014. 300 patients (mean age 66.1 ± 9.6 years) had LVSD ≤ 
35%. Hospital mortality in the period of 6.2 ± 4 years was 
5.3%. The most frequent postoperative complications were 
prolonged invasive ventilation (17.7%), acute renal failure 
(14.7%), and multiple hemotherapy (21.3%). Vickneson et 
al. [7] conducted a retrospective analysis of 346 patients 
with low EF (≤ 30%) in the period from 2019 to 2015. It 
was shown that patients with significant LV dysfunction 
who underwent CABG surgery had a full recovery within 
a month. The most significant predictors of mortality were 
hemodynamic instability and renal dysfunction.

According to our previous studies, the overall hospital 
mortality after CABG surgery was 3.4%, which is compara-
ble to world standards, does not exceed 1-3% [6, 9]. At the 
same time, according to our materials, the mortality rate 
among patients with low LVEF (< 40%) reached 8.6% (3 
persons out of 35 patients). The main cause of death in our 
patients after myocardial revascularization was heart fail-
ure caused by systolic or diastolic cardiac dysfunction. In 
recent years, the problem of diastolic dysfunction received 
greater attention. It was proved that in the postperfusion 
period, diastolic dysfunction can be caused by ischemic and 
reperfusion injury, hypothermia, metabolic disorders or 

myocardial edema and is an independent factor in the de-
velopment of difficulties when disconnecting a patient from 
cardiopulmonary bypass machine, the use of high doses of 
inotropic support and an increased risk of complications 
[1]. It was shown that left ventricular diastolic dysfunction 
is a powerful predisposing factor for the development of 
postoperative atrium fibrillation. It was established that 
diastolic dysfunction in cardiac surgery patients increases 
postoperative mortality [8]. In more than 500 patients who 
underwent coronary artery bypass grafting surgery without 
the use of cardiopulmonary bypass machine, the E/e'> 15 
according to tissue Doppler echocardiography and high 
diastolic pressure were associated with a high risk of post-
operative complications [9]. According to a multivariate 
analysis of a number of researchers, left ventricular diastolic 
dysfunction is the best predictor of hemodynamics after 
cardiac surgery compared with systolic dysfunction [10]. 
The inclusion of measurement of indicators of diastolic 
function of the left ventricle in cardiac surgery patients can 
improve the prognosis after heart surgery and help prevent 
adverse events in the postoperative period [11, 12]. It was 
showed that low volume characteristics of the left ventricle 
against the background of restrictive diastolic myocardial 
dysfunction are the echocardiographic predictors of poor 
prognosis in patients with coronary heart disease in the 
near term after myocardial revascularization [1]. 

Patients with mitral regurgitation in combination with cor-
onary heart disease have a higher mortality rate. Thus, more 
than 40% of patients with coronary heart disease with severe 
mitral regurgitation die during the first year after the mitral 
regurgitation was formed [13, 14]. In the case of a combination 
of coronary heart disease with moderate mitral regurgitation, 
the mortality rate is about 15-18%, mild mitral regurgitation 
is 8-11%, while the mortality rate in patients with coronary 
heart disease without mitral regurgitation is approximately 5% 
[15]. The results of several studies convincingly showed that 
moderate ischemic mitral regurgitation affects the increased 
risk of mortality from cardiovascular diseases, including in 
patients with heart failure [16]. Our data confirmed that the 
presence and severity of mitral regurgitation is one of the 
important prognostic predictors of complications in the early 
postoperative period after CABG surgery.

CONCLUSIONS
The results of our studies showed that the most important 
echocardiographic predictors of a complicated course of 
the disease in the postoperative period, in addition to 
LVEF of the heart, maybe the sizes of the LV and LA, the 
presence and severity of mitral regurgitation and diastolic 
dysfunction of the LV. 

According to our data, LV EDD and LVEF between the 
1st and 2nd groups of patients did not achieve a statistically 
significant difference. At the same time, the LA dimension 
in these groups of patients was significantly different. Based 
on these results, we can assume that LA size is a more sen-
sitive prognostic criterion for the course of the disease in 
the early postoperative period than LV dimension.
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Has to be noted, overall hospital mortality after CABG 
surgery in our study wasn’t more than the all-world range and 
made up 3.4%, but the mortality rate among patients with low 
LVEF (< 40%) reached 8.6% (3 persons out of 35 patients).

So, left ventricular diastolic dysfunction is a powerful 
predisposing factor for the development of postoperative 
atrium fibrillation, and dysfunction in cardiac surgery 
patients increases postoperative mortality.

Comprehensive measurement of these echocardiographic 
parameters will allow more accurately predict the results of cor-
onary artery bypass grafting in the early postoperative period.
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