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Introduction

Patients with multivessel

Abstract

AIM: This prospective study was designed to evaluate the changes in left ventricular (LV) systolic function after
coronary artery bypass grafting (CABG) in patients with both normal and abnormal pre-operative systolic function.

METHODS: During the period from October 2017 to October 2018, forty-seven consecutive patients undergoing
CABG were enrolled in this prospective study. Transthoracic echocardiography was performed within 1 week
before CABG as well as 4 to 6 months after surgery. All measurements were made by a single experienced
investigator.

RESULTS: While the mean LV ejection fraction (LVEF) showed neither improvement nor significant reduction in
the whole group of patients following CABG (from 54.21 + 15.36 to 53.66 + 11.56%, p = 0.677), significant
improvement in LVEF was detected in the subgroup of patients with pre-operative LV dysfunction (from 40.05 +
8.65 to 45.85 + 9.04%, p = 0.008). On the other hand, there was a significant decline in LEFT in the subgroup of
patients with normal pre-operative LEFT (from 64.70 + 9.72 to 59.44 + 9.75%, p = 0.008). As for the other
parameters of systolic function, significant decrease in LV end-diastolic volume index (LVEDVI) (p = 0.001), LV
end-systolic volume index (LVESVI) (p = 0.0001), wall motion score index (WMSI) (p = 0.013) and LVmass index
in male patients (p = 0.011) was shown only in patients with decreased LVEF after CABG. Patients with improved
postoperative LVEF (53.2% of all patients) had significantly lower baseline LVEF (p = 0.0001), higher LVESVI
(0.009) and higher WMSI (p = 0.006) vs patients with worsened postoperative LVEF (38.3% of all patients).
Postoperative improvement of LVEF was correlated with stabile angina, lack of preoperative myocardial infarction
and smoking, higher baseline WMSI, higher LV internal diameters and indexed volumes in diastole and systole
and lower baseline LVEF. In stepwise linear regression analysis the value of baseline LVEF appeared as
independent predictor of improved LVEF after CABG (B = 0,836%; 95% CI 0.655-1.017; p = 0.0001).

CONCLUSION: Our study showed that LVEF, internal baseline diameters and indexed volumes of LV in diastole
and systole are important determinants of postoperative change in LVEF. In patients with preoperative depressed
myocardial function, there is an improvement in systolic function, whereas in patients with preserved preoperative
myocardial function, the decline in postoperative LVEF was detected.

systolic function has been studied but with conflicting
results, most probably because of patient selection.
Most of the studies that evaluated the effect of CABG
in patients with severe LV dysfunction showed

coronary artery 1 Pe - _ Oy _
significant improvement in LV ejection fraction (LVEF)

disease (CAD), especially those with stenosis of the
left main (LM) coronary artery and suitable coronary
anatomy benefit from coronary artery bypass grafting
(CABG) [1], [2], [3]. The goal of CABG is not only to
allay symptoms and improve survival [4] but also to
optimise cardiovascular function and prevent
progressive remodelling. Coronary artery disease
(CAD) lead’s to left ventricular (LV) dysfunction as a
result of myocardial scarring, stunning, or hibernation
[5]. The impact of CABG on regional and global LV

and LV systolic parameters after revascularisation [3],
61, [7].

Moreover, those patients with ischemic
symptoms and the most severe LV dysfunction
appear to benefit most from surgical revascularisation.
On the other hand, only a few retrospective studies
evaluate the changes in LV systolic function after
CABG in patients with preserved baseline LVEF. In
these patients despite the apparent improvement in
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cardiac function conventional echocardiography did
not change significantly even showed a decline in
baseline LVEF [8], [9]. Despite advances in cardiac
imaging, we Dbelieve that 2-dimensional (2D)
echocardiography is still most suitable for detection of
myocardial function recovery after CABG to highlight
the controversies. This prospective study was
designed to evaluate the changes in LV systolic
parameters after CABG in patients with both normal
and abnormal pre-operative systolic function.

Methods

Study patients

During the period from October 2017 to
October 2018, forty-seven consecutive patients
undergoing CABG were enrolled in this prospective
study. All procedures were done on-pump with
cardiopulmonary bypass (CPB). In every case, the left
internal thoracic artery (LITA) was used to bypass the
left anterior descending artery (LAD). None of the
patients had associated surgical procedures such as
valve replacement or surgery of the ascending aorta.
This study was approved by the Medical Ethics
Committee of Medical School, University Ss. “Cyril
and Methodius”, Skopje, and all patients provided
informed consent.

2-D Echocardiography parameters

Transthoracic echocardiography was
performed within 1 week before CABG as well as 4 to
6 months after surgery. All measurements were made
by a single experienced investigator. Standard
assessments of LV dimensions, wall thickness, LV
mass, LV volumes as well as LV systolic function
were performed in standard views using 2D
echocardiography and Tissue Doppler imaging (TDI)
on commercially available equipment (Vivid 7; GE,
USA) according to the professional association
recommendations [10].

Statistical analysis

Categorical parameters were summarised as
percentages and continuous parameters as mean *
SD. Comparisons of preoperative vs postoperative
data were performed using a Wilcoxon Signed Rank
test for related samples. Continuous variables were
compared using the nonparametric Mann-Whitney test
for independent samples and categorical parameters
were compared using Pearson’s chi-square test.
Assessment of correlations was done using Pearson’s
correlation analysis. Stepwise regression analysis was
performed to define the independent significant
predictive variable of postoperative LV ejection

fraction. All data analysis was performed using SPSS
version 25.0 (IBM SPSS, Inc., Chicago, lllinois), and
p-value < 0.05 was considered significant.

Results

Patient characteristics

The patients were divided into two subgroups:
those with normal preoperative LVEF (LVEF > 50% n
= 27) and those with abnormal LVEF (LVEF < 50% n
= 20). The baseline demographic and clinical
characteristics of the patients as a whole and divided
in subgroups, including coronary anatomy, and the
postoperative course are shown in Table 1 and were
similar in both subgroups.

Forty-three percent of patients had decreased
LVEF (= 50%) at baseline. These patients had
significantly lower body mass index, higher Euro
SCORE 2 and more likely to have chronic kidney
disease. There was no statistically significant
difference in age, gender, prior myocardial infarction,
SINTAX score and other comorbidities between the
groups. Distribution of 3-vessel CAD and significant
LM stenosis was also similar between the two groups.
The number of bypassed vessels was not significantly
different between the subgroup of patients with
normal, and abnormal LVEF. The majority of patients
received three bypass grafts (median 3, range 2—05),
and in all patient, a left internal thoracic artery to the
left anterior descending coronary artery bypass graft
was used (Table 1).

Table 1: Baseline characteristics in the study population as a
whole and comparison of demographic, clinical and operative
characteristics of 47 patients divided according to the
preoperative LVEF

Al patients LEFT > 50% LVEF <50%

Parameter N =47 N=27 N =20 p
Age (years) 65.55 + 8.25 64.93+7.74 66.40 + 9.02 0.628
Gender (n/%)

Male 35/74.5 18/66.7 17/85.0 0.154
Female 12/255 9/33.3 3/15 )
BMI (kg/m2) 27.40+4.38 28.99 + 4.68 25.25+2.86 0,004
Euro SCORE 2.17 £ 0.60 1.66 £ 0.91 2.61+1.97 0.058
Angina, stable (n/%) 26/55.3 18/66.7 8/40 0.064
Previous Ml (n/%) 25/53.2 12/44.4 13/65.0 0.135
Previous PCI (n/%) 15/31.9 7125.0 81/40.0 0.306
Urgent CABG (n/%) 14/29.8 9/33.3 5/25.0 0.748
Preoperative AF (n/%) 2/43 1/37 1/5.0 0.828
COPD (n/%) 8/17.0 4/14.8 4/20.0 0.640
PVD (n/%) 6/12.8 2174 4/20.0 0.201
CKD (n/%) 9/19.1 2174 7135 0.017
Smoking (/%) 17/36.2 71259 10/50,0 0.089

Hypertension (n/%) 471100 271100 20/100 -
Dyslipidemia (n/%) 46/97.9 26/96.3 20/ 100 0.384
Diabetes mellitus (n/%) 23/48.9 13/48.1 10/50.0 0.900
SYNTAX score 31.53 £ 6.58 31.48 £5.99 31.60+7.46 0.612
Left main disease 19/40.4 11/40,7 8/40.0 0.599
LAD proximal disease 38/80.9 20/74.1 18/90.0 0.170
1 vessel disease - - - -
2 vessel disease 9/19.1 6/22.2 3/15.0 0.407
3 vessel disease 38/80.9 21/77.8 17/85.0 i
Number of grafts 2.77+0.72 2.85+0.77 2.65+0.67 0.523
Number of grafts per
patient (n/%)

1 1/1.2 - 1/5.0

2 15/31.9 9/333 6/30.0

3 26/55.3 14/51.9 12/60.0 0.597

4 4185 3/11.1 1/5.0 }

5 1/1.2 1/37 -
CPB time (min) 108.91 + 29.73 108.37 + 28.37 109.65 + 32.20 0.763
Ischemic time (min) 66.09 + 20.03 65.52 + 18.92 66.85 + 21.92 0.698

CABG = coronary artery bypass graft surgery; Ml = body mass index; ACS = acute coronary syndrome; Ml =
myocardial infarction; PCI = percutaneous coronary intervention; AF = atrial fibrillation; COPD = chronic
obstructive pulmonary disease; PAD = peripheral vascular disease; CKD = chronic kidney disease; SYNTAX
= SYNergy between percutaneous intervention with TAXus drug-eluting stents and cardiac surgery; CPB =
Cardio Pulmonary Bypass; LAD = Left Anterior Descending.
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Left ventricular myocardial function before
and after CABG

Echocardiographic systolic parameters in the
study group as a whole and in the subgroups of
patients with normal and decreased LVEF before and
after CABG are shown in Table 2.

In the study group as a whole there was
statistically significant reduction in LVEDVI (p=0.001),
LVESVI (p = 0.003), IVSd (p = 0.037) and WMSI (p =
0.016). There was a significant improvement in
MAPSE (p = 0.001). Mean LVEF showed neither
improvement nor significant reduction in the whole
group of patients (from 54.21 + 15.36 to 53.66 +
11.56%, p = 0,677). There were no postoperative
changes in other LV measurements including LVIDd,
LVIDs, posterior and septal wall thickness, and
LVmass index (Table 2).

When we divided our cohort according to the
LVEF, significant improvement in LVEF was detected
in the subgroup of patients with pre-operative LV
dysfunction (from 40.05 + 8.65 to 45.85 + 9.04%, p =
0.008), resulting in a mean change in LVEF of 5.80%.
On the other hand, there was a statistically significant
decline in LVEF in the subgroup of patients with
normal pre-operative LVEF (from 64.70 + 9.72 to
59.44 + 9.75%, p = 0.008), resulting in a meaningful
change in LVEF of -5.26%.

As for the other parameters of systolic
function, statistically significant decrease in LVEDVI (p
= 0.001), LVESVI (p = 0.0001), WMSI (p = 0.013) and
LVmass index in male patients (p = 0.011) was shown
only in patients with decreased LVEF after CABG
(Table 2).

Table 2: Comparison of echocardiographic parameters of LV
systolic function before and after CABG in patients divided
according to the preoperative LEFT

The only parameter that significantly improved
in both groups after CABG was MAPSE (p = 0,035,
and p = 008 in patients with preserved and reduced
LVEF respectively). Except for MAPSE, none of the
systolic echocardiographic parameters improved in
the subgroup of patients with preserved LVEF (Table
2).

Parameters related to LVEF change post
CABG surgery

In our study, out of 47 patients, 4 patients
(8.5%) had unchanged LVEF (+ / -5%) after
successful CABG operation, 25 patients (53.2%) had
increased LVEF (> 5%) and 18 patients (38.3%) had
decreased in the postoperative LVEF (> 5%).
Comparison of the three groups (Table 3) showed an
only significant difference between patients with
improved and decreased postoperative LVEF. Thus,
patients with improved postoperative LVEF had
significantly lower baseline LVEF (p = 0.0001), higher
LVESVI (0.009) and higher WMSI (p = 0.006) vs
patients with worsened postoperative LEFT.

Table 3: Baseline echocardiographic parameters of all patients
about perioperative change in left ventricular ejection fraction

Parameter Unchanged EF  Improved EF Worsened EF p
N=4 N =25 N =18
LVIDd (mm) 48.0 £3.9 53.7+9.3 49.8+8.3 0.243
LVIDs (mm) 29.0+4.2 37.1+116 30.7+8.6 0.089
IVSd (mm) 13.2+29 129+24 13.1+1.8 0.945
PWd (mm) 10.2+15 10.8+2.3 11915 0.173
LVEDVI (ml/m2) 64.1+34.1 74.0+33.6 51.4+24.7 0.069
0.009
LVESVI (ml/m2) 25.7+11.3 44.9 £ 30.9 20.3+15.5 Improved vs.
Worsened
0.0001
LVEF (%) 56.7+5.1 46.6 +14.9 64.1+11.2 Improved vs.
Worsened
SVI (ml/m2) 36.5+6.0 37.9+10.2 38.6 £10.7 0.930
CI (L/min/m2) 27+08 25+0.7 26+0.7 0.888
MAPSEavarage (mm) 141+26 124+19 13.2+25 0.277
s'TDI (cm/s) 54+09 5915 6.2+1.4 0.544
0.006
WMSI 1.3+02 1.4+04 1.3+0.3 Improved vs.
Worsened

. LVEF > 50% LVEF < 50%
Parameters All patients P N=27 [ N=20 p
LVEF (%)
Before CABG 54.21 + 15.36 0,677 64.70 £ 9.72 0.008 40.05 + 8.65 0.008
After CABG 53.66 + 11.56 ! 59.44 +9.75 45.85 +£9.04
LVIDd (mm)
Before CABG 51.79+8.76 0.981 47.52 £7.07 0.666 57.55+7.51 0.678
After CABG 51.83+8.34 : 48.07 £ 6.26 56.90 + 8.23
LVIDs (mm)
Before CABG 33.96 + 10.52 0.052 28.44 +7.50 0.241 41.40 £9.45 0.106
After CABG 32.26+9.72 : 27.48+7.24 38.70 £ 8.99
IVSd (mm)
Before CABG 13.06 £2.25 0.037 1341227 0.111 12.60+2.18 0.175
After CABG 12.34+2.66 : 12.74+ 255 11.80+2.78
PWd (mm)
Before CABG 11.21+2.04 11.56 +1.98 10.75+2.07
After CABG 1079+198 03 1107179 0418 10408201 0681
LVEDVI (mlim2)
Before CABG 64.54 +31.73 48.44 £19.88 86.29 +32.10
After CABG sa41:2222 000t 43.65 + 14.62 0107 ggoaszp7r 0001
LVESVI (mlim2)
Before CABG 33.89+27.19 0.003 17.52 +10.60 0.614 55.99 + 27.24 0.0001
After CABG 26.81+17.24 : 18.12+8.73 38.54 + 19.05
SVI (mlim2)
Before CABG 38.08 + 9.99 0.804 38.97+10.03 0.313 36.89+10.07 0.455
After CABG 39.18 + 10.56 : 38.30+10.46 40.37 £10.85
MAPSEavarage (mm)
Before CABG 12.94+2.26 0.001 13.81+2.32 0.035 11.78 +1.58 0.008
After CABG 14.08 + 2.08 : 14.98+1.98 12.88+1.57
s'TDI (cm/s)
Before CABG 6.04 +1.44 0.608 6.34 £ 1.67 0.695 5.65+0.96 0.281
After CABG 6.12+1.21 : 6.20 £1.32 6.02+1.11
WMSI
Before CABG 1.34+0.35 0.016 1.17+0.25 0.615 1.57+0.33 0.013
After CABG 1.23+0.23 : 1.12+0.14 1.37+0.25
LVmass index (g/m2)
Male
Before CABG 143.43 £ 39.26 129.04 £ 33.39 158.67 £40.14
After CABG 122.31+24.14 0017 122.87 £26.23 0420 143.89 £32.41 0011
Female
Before CABG 133.08 + 30.85 113.84 £ 20.52 147.72 £15.15
After CABG 115.29 + 26.82 0347 107.95 + 25.80 0767 137.31+£17.97 0109

CABG = coronary artery bypass graft surgery; Cl = cardiac index; IVSd = septal wall
thickness; LVEDVI = left ventricular end-diastolic volume indexed to body surface area;
LEFT = left ventricular ejection fraction; LVESVI = left ventricular end-systolic volume
indexed to body surface area; LVIDd = left ventricular end-diastolic dimension; LVIDs = left
ventricular end-systolic dimension; MAPSE = mitral annular plane systolic excursion; PW =
posterior wall thickness; s'TDI = peak systolic mitral annular velocity by TDI; SVI = systolic
volume indexed to body surface area; WMSI = wall motion score index; *p < 0.05 for
comparison between groups.

Postoperative improvement of LVEF was
correlated with stabile angina, lack of preoperative
myocardial infarction and smoking, higher baseline
WMSI, higher LV internal diameters and indexed
volumes in diastole and systole and lower baseline
LVEF (Table 4).

Table 4: Correlation between the change of LVEF and
preoperative parameters

Parameters ALVEF

CABG = coronary artery bypass graft surgery; Cl = cardiac index; IVSd = septal wall thickness; LVEDVI = left ventricular
end-diastolic volume indexed to body surface area; LEFT = left ventricular ejection fraction; LVESVI = left ventricular
end-systolic volume indexed to body surface area; LVIDd = left ventricular end-diastolic dimension; LVIDs = left
ventricular end-systolic dimension; MAPSE = mitral annular plane systolic excursion; PW = posterior wall thickness;
s'TDI = peak systolic mitral annular velocity by TDI; SVI = systolic volume indexed to body surface area; WMSI = wall
motion score index; *p < 0,05 for comparison between groups.

Angina (%)
Previous MI (%)
Smoking (%)
LVIDd (mm)
LVIDs (mm)

R = 0.386; p = 0.007
R = -0.288; p = 0.049
R =-0.319; p = 0.029
R =-0.294; p = 0.045
R = -0.404; p = 0.005
LVEDVI (mi/m2) R = -0.467; p = 0.001
LVESVI (ml/m2) R =-0.557; p = 0.0001
LVEF R = 0.652; p =0,0001
WMSI R = -0.480; p = 0.001
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To determine the independent predictors of
improvement of LVEF after CABG, we performed
multiple stepwise linear regression analysis with
covariates that showed a significant relation to it. The
results demonstrated that the value of baseline LVEF
appeared as an independent predictor of improved
LVEF after CABG (Table 5, Figure 1).

Table 5: Stepwise regression analysis of LVEF after CABG as
the dependent variable and clinical and echocardiographic
parameters as independent variables in cases for which LVEF
improved

Coefficients™®

95.0% Confidence Interval for
B

Model B Std. Error Lower Bound  Upper Bound
1 (Constant) 14,624 4,281 3,416 ,002 5,769 23,479
LVEF before CABG 836 088 894 9,545 ,000 655 1,017

a. Dependent Variable: LVEF post CABG

b. Selecting only cases for which LVEF improved = improved

t Sig.

Thus, for every 1% absolute decrease in pre-
operative LVEF, there is postoperative improvement
of LVEF of 0,836% (95% CI 0.655-1.017; p = 0.0001).

Dependent Variable: LVEF after CABG
Selected Cases
Unselected Cases
Selected Cases
Unselected Cases

Regression Standardized Residual

2 n [ 1 2 3

Regression Standardized Predicted Value

Figure 1: Graphical presentation of regression standardised
predicted value for LVEF after CABG as the dependent variable in
cases for which LVEF improved

Discussion

CABG surgery can improve the myocardial
blood supply in the hibernating regions of the heart.
This results in increased contractility and better
performance of the myocardium [11], [12]. The 2D
biplane echocardiography is a widely used method to
obtain pre and postoperative systolic parameters of
the right and left ventricle in patients undergoing
CABG surgery.

In this study, the parameters of LV ejection
fraction, LV internal dimensions and LV indexed
volumes in systole and diastole, cardiac index, mitral
annular plane systolic excursion, wall motion score
index and LV mass index obtained with conventional
2D echocardiography were used to assess the global
systolic function in patients with CAD undergoing
CABG.

We showed deterioration in LVEF after CABG
in patients with normal baseline LVEF. Except for
MAPSE, other systolic parameters did not change
significantly even after successful CABG treatment in
patients with preserved baseline LVEF. On the other
hand, an improvement in LV systolic function was
observed in patients with decreased pre-operative
LVEF. There were significant improvement in LVEF,
LV systolic and diastolic indexed volumes, WMSI and
LV mass index in this subgroup of patients.

Prior studies have similarly found an
improvement in LVEF and other systolic parameters in
patients with pre-operative LV systolic dysfunction. In
the largest prospective, randomised, controlled trial,
the STICH trial, Michler et al., [13] in a post hoc
subgroup analysis showed a significant improvement
in LV size and function in the subgroup of patients
with higher baseline LV end-systolic dimensions. Our
study also showed improvement in LVEF in the
subgroup of patients with preoperative LV systolic
dysfunction and higher baseline internal diameters as
well as indexed volumes of LV in diastole and systole.

While many studies evaluate changes of
perioperative systolic parameters in patients with
reduced LVEF, only a few studies examine changes in
LV systolic function in patients with preserved
baseline LVEF. In a small prospective study, Diller et
al. demonstrated improvement in LV diastolic function
and did not find a significant reduction in LVEF
immediately after CABG [14]. In the largest study to
assess pre and post-operative echocardiograms in a
population including both normal and reduced pre-
operative LV function, Koene et al., [8] showed a
decrease in LVEF with CABG in patients with normal
baseline LV systolic function. In this study, the
magnitude of decrease in LVEF was 3% mean and
ranged from -33% to 15%. Our study is in agreement
with these findings demonstrating a decrease in LVEF
in patients with preserved baseline LVEF resulting in a
mean decrease in LVEF of 5.26%. This postoperative
decrease in LVEF might result from myocardial
stunning [15], reperfusion injury [16] and early
postoperative graft failure [17].

In our study, a total of 18 patients (38.3%)
had decreased in the postoperative LVEF (> 5%). This
suggests that CABG itself contributes to postoperative
myocardial dysfunction. Although these patients were
angina free 4-6 mounts after CABG, the relative
decline in LVEF suggests that myocardial recovery
might take longer time. We strongly believe that these
results are worthy of further investigation to
understand the effect of CABG on myocardial
function. Another issue that should be investigated is
whether the lack of improvement of LVEF post-CABG
portends a worse outcome.

The major limitations in our study are that we
used only conventional 2-D echocardiography imaging
to assess pre and postoperative systolic LV function.
Other technologies such as magnetic resonance
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imaging, positron emission tomography and speckle
tracking imaging might have yielded other results, but
2-D echocardiography is a widely used method for
guantifying perioperative LV function. This study has
the advantage of being prospective and all
consecutive patients that met inclusion criteria were
enrolled in the study but we believe that their number
is too small and is thus hypothesis-generating rather
than definitive. Another disadvantage is that paired
echocardiograms were done a maximum of 6 months
after surgery, time that might be too short for complete
myocardial recovery after surgery. In our study, all
patients were done on the pump with crystalloid
cardioplegia and this might affect postoperative LV
function in a certain percentage of patients.

In conclusion, our study showed that LVEF,
internal baseline diameters and indexed volumes of
LV in diastole and systole are important determinants
of postoperative change in LVEF. In patients with the
preoperative depressed myocardial function, we
should expect improvement in systolic function,
whereas in patients with preserved myocardial
function, decline in postoperative LVEF should be
anticipated, despite successful CABG. The present
study suggests further investigations in order to
understand the effect of CABG on myocardial
function.
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