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Abstract 

Background: Elective coronary artery bypass grafting 
(CABG) is one of the most common heart surgeries performed 
recently. Among cardiac surgery patients, low preoperative left 
ventricular ejection fraction (LVEF) is common and has been 
associated with poor outcomes. 

Aim of Study: The aim of this study was to compare the 
postoperative outcome of coronary artery bypass grafting with 
low ejection fraction versus good ejection fraction. 

Patients and Methods: This research is a prospective, con-
trolled randomized clinical trial involving 150 patients who are 
eligible for CABG. After appropriate consent from enrolled 
patients and local ethical committee, current study done on 50 
consecutive adult patients with severe ischemic heart disease 
and low ejection fraction <40% (patient group) and 100 pa-
tients with an EF >40% (control group), scheduled for elective 
Coronary Artery Bypass Grafting (CABG) as a study in Galaa 
Medical Compound for Armed Forces between April 2021 and 
March 2023. 

Results: There was significant prolonged cardiopulmo-
nary bypass (CPB) time in low EF patient (153.95±36.73 min-
utes) compared to normal EF patients (138.56±40.71 minutes) 
(p=0.026) with insignificant prolongation of aortic cross clamp 
(86.93+22.23 minutes) and total operative times (338.6±91.16 
minutes) in patient group compared to (86.70±27.84 and 
309.5±89.61 minutes) respectively in those with normal EF 
patients (p>0.05). Patients with low EF% (patient group) were 
statistically significant difficulty weaning from CPB compared 
to those with normal EF (control group) (p<0.001). Seven cases 
(16.7%) versus one (1.2%) weaned by IABP, ten cases (23.8%) 
versus one (1.2%) by combined support and two difficult (4.8%) 
weaning compared to no cases in patients and control groups re-
spectively. The higher statistically significant levels of CK-MB 
(137.08 vs 90.75 U/L; p=0.000), prolonged ventilation times 
(35.60 vs 11.63 hours; p=0.000), ICU stays (3.72 vs 2.40 days; 
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p=0.000) and hospital stays (12.65 vs 10.29 days; p=0.023) in 
patient group with low EF% compared to those with normal 
EF% respectively. Troponin I levels were statistically signifi-
cant higher at induction (0.48 vs 0.23 ng/mL p=0.000), 2 hours 
(4.99 vs 3.94 ng/mL p=0.020), 12 hours (6.66 vs 5.25 ng/mL 
p=0.011), 24 hours (3.70 vs 2.84 ng/mL p=0.006) and 48 hours 
(1.73 vs 1.32 ng/mL p=0.006) postoperatively in patients with 
EF<40% compared to those with normal EF% (control group) 
respectively with a peak levels after 12 hours in both groups. 
Patients with low EF% (patient group) have statistically signifi-
cant higher usage of IABP (40% intraoperative and 4% in ICU) 
compared to those with normal EF% (control group) (3% intra-
operative and 3% in ICU) (p<0.001). Patients with low EF% 
(patient group) have statistically significant higher consuming 
postoperative inotropes (74%) compared to 31% in those with 
normal EF% (control group) (p=0.000). There was insignificant 
increased of mortality rate among patient group (8%) compared 
to control group (3%) (p=0.171). 

Conclusions: CABG in patients with EF <40% is frequent-
ly associated with more complications than others with normal 
ejection fraction. In addition, cardiopulmonary bypass time and 
the use of IABP is also dependent on the preoperative ejection 
fraction. Patients with low EF% were difficulty weaning from 
CPB compared to those with normal EF. 

Key Words: Elective coronary artery bypass grafting surgery – 
Low LV ejection fraction. 

Introduction 

CORONARY artery disease (CAD) is the most 
frequent cause of death globally and the most com-
mon cause of heart failure (HF) over world. The 
incidence of left ventricular dysfunction (LVD) is 
increasing among patients with CAD in part be-
cause of improved survival after acute myocardial 
infarction (MI). However, the long-term prognosis 
for this condition remains poor [1]. 

Cardiac surgery improves survival in patients 
with advanced left ventricular dysfunction by com-
parison with medical treatment. In contrast, the 
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negative impact of low preoperative left ventricular 
ejection fraction (LVEF) in the outcomes after any 
type of cardiac surgery has long been well docu-
mented [2]. 

Despite improvements in medical therapy and 
surgical techniques, management of patients with 
left ventricular (LV) dysfunction and coronary ar-
tery disease undergoing cardiac surgery is still chal-
lenging. Coronary artery bypass grafting (CABG) 
has appeared to be superior to medical therapy 
alone for patients with low ejection fraction (EF), 
representing a significant clinical improvement and 
long-term survival. For these patients, CABG is as-
sociated with higher postoperative morbidity and 
mortality rates compared with patients with normal 
EF [3]. 

The low EF patients undergoing CABG are the 
subjects of ongoing research. The studies investi-
gating early postoperative changes have yielded 
conflicting results. Some have found ventricular im-
provement within weeks postoperatively [4], while 
other studies have detected no change [5] or a wors-
ening of ventricular function [6,7]. 

Aim of the work: 
The aim of this work was to compare the post-

operative outcome of coronary artery bypass graft-
ing with low ejection fraction versus good ejection 
fraction. 

Patients and Methods 

This randomized controlled study done on 50 
consecutive adult patients with severe ischemic 
heart disease and low ejection fraction <40% sched-
uled for elective Coronary Artery Bypass Grafting 
(CABG) as a study in Al-Galaa Medical Compound 
for Armed Forces. The control group composed of 
100 patients with an EF >40%, presenting with the 
same coronary pathology and scheduled for elective 
CABG at the same hospital between April 2021 and 
March 2023. 

Ethical aspects: 
This study was carried out in complete accord-

ance with the Declaration of Helsinki’s ethical prin-
ciples, good clinical practice recommendations, 
and all relevant local regulatory requirements. Our 
study procedure was authorized by the local Ethical 
Committee of Ain Shams University’s Institute of 
Postgraduate Studies. All mentally competent pa-
tients provided written informed permission prior to 
participating. 

Inclusion criteria: 
This study will include adult patients of both 

sexes either have diabetes or hypertension present-
ing for elective coronary artery bypass grafting with 
normal coagulation profile (PT, PTT, INR) and se-
rum creatinine <2.2. 

Exclusion criteria: 

• Patients with left main disease (LM). 

• Patients with ejection fraction <25%. 

• Patients with combined cardiac procedure (com-
bined valves or surgery on aorta). 

• Patients with previous cardiac surgery (REDO). 

• Patients with chronic renal failure on dialysis. 

• Patients with uncontrolled DM. 

Research data items: 
Clinical data: 
1- Preoperative: 

Patient’s data including age and sex, complaint 
and history of associated comorbidities, full labo-
ratory investigations: Hemoglobin (g/dL), creati-
nine (mg/dL), albumin (g/dL), CK-MB (U/L), pro-
thrombin time and INR, Partial thromboplastin time 
(sec.), ECG changes (ischemic changes, old MI, AF 
or LBBB ....... ), plain chest X-ray findings. 

2- Intra operative (procedure): 
Surgical procedures: Technique (On pump or 

Off pump). 

Cardiopulmonary bypass (CPB) procedures: To-
tal time of CPB, time of cross clamp, weaning from 
bypass (smoothly, with chemical support, on IABP, 
DC shock, on pacemaker, difficult weaning), total 
time of the operation. 

3- Post-operative: 
Primary outcome: 

Markers of ischemia: Troponin I: Serial venous 
blood samples were taken after induction of anes-
thesia, 2 hours, 12 hours, 24 and 48 hours after aor-
tic unclamping in on-pump cases and after termina-
tion of the last distal anastomosis in off pump cases. 
Troponin I measured by VITROS ECIQ immunodi-
agnostic system, CK-MB . 

ICU support: Mechanical (IABP, ventilator), 
chemical support (Inotropes), blood & fluids. 

Secondary outcome: 
ICU morbidities: Cardiovascular (Chest drain-

age, arrhythmias), neurological sequel, fever & in-
fection. ICU mortality, ICU stay, hospital stay. 

Statistical analysis: 
All tests were bilateral and a p-value of 5% was 

the limit of statistical significance. Analysis per-
formed by statistical package software IBM-SPSS 
version 24. Values were presented as median (range) 
for quantitative variables or as numbers and propor-
tions for qualitative variables. Significant p-values 
<0.05 while non-significant p-values >0.05. 



Patient group 
No=42 

Control group 
No=82 p- 

Test 
value 

Patient group 
No=42 

Control group 
No=82 p- 

Test 
value 

0.23 
3.94 
5.25 
2.84 
1.32 

0.45 
3.46 
3.80 
2.22 
1.13 

0.48 
4.99 
6.66 
3.70 
1.73 

0.30 3.540 0.000 
3.25 2.536 0.020 
3.31 2.536 0.011 
2.11 2.739 0.006 
1.15 2.733 0.006 

At induction 
After 2 hours 
After 12 hours 
After 24 hours 
After 48 hours 
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Results 

Table (1) showed that patients with low EF% 
(patient group) were statistically significant diffi-
culty weaning from CPB compared to those with 
normal EF (control group) (p<0.001). Seven cases 
(16.7%) versus one (1.2%) weaned by IABP, ten 
cases (23.8%) versus one (1.2%) by combined sup-
port and two difficult (4.8%) weaning compared to 
no cases in patients and control groups respectively. 

Table (2) showed higher statistically significant 
levels of CK-MB (137.08 vs 90.75 U/L; p=0.000), 
prolonged ventilation times (35.60 vs 11.63 hours; 
p=0.000), ICU stays (3.72 vs 2.40 days; p=0.000) 
and hospital stays (12.65 vs 10.29 days; p=0.023) in 
patient group with low EF% compared to those with 
normal EF% respectively. While the man number of 
blood transfusion units was insignificant increased 
in patient group (2.45 units) compared to control 
group (2.25 units) (p=0.589). 

Table (3) showed statistically significant higher 
troponin I levels at induction (0.48 vs 0.23 ng/mL 
p=0.000), 2 hours (4.99 vs 3.94 ng/mL p=0.020), 12 
hours (6.66 vs 5.25 ng/mL p=0.011), 24 hours (3.70 
vs 2.84 ng/mL p=0.006) and 48 hours (1.73 vs 1.32 
ng/mL p=0.006) postoperatively in patients with EF 
<40% compared to those with normal EF% (control 
group) respectively with a peak levels after 12 hours 
in both groups. 

Table (4) showed that patients with low EF% 
(patient group) have statistically significant higher 
usage of IABP (40% intraoperative and 4% in ICU) 
compared to those with normal EF% (control group) 
(3% intraoperative and 3% in ICU) (p<0.001). 

Table (5) showed that patients with low EF% 
(patient group) have statistically significant high-
er consuming postoperative inotropes (74%) com-
pared to 31% in those with normal EF% (control 
group) (p=0.000). 

Table (1): Weaning from CPB in studied groups. 

Smoothly 
With chemical support 
IABP 
Combined support 
DC shock or pacemaker 
Difficult 

Count  % 

15 35.7 
8 19.0 
7 16.7 
10 23.8 
0 0 
2 4.8 

Count % 

65 
13 
1 
1 
2 
0 

79.3 
15.9 
1.2 
1.2 
2.4 
0 

39.512 0.000 

Table (2): Post-operative outcome in both studied groups. 

CK-MB (U/L) 
Ventilation time (hours) 
Blood (units) 
ICU stay (days) 
Hospital stay (days) 

Mean SD 

137.08 84.05 
35.60 8.75 
2.45 1.95 
3.72 1.91 
12.65 5.47 

Mean SD 

90.75 66.69 3.536 0.000 
11.63 4.65 6.393 0.000 
2.25 1.74 0.540 0.589 
2.40 0.70 4.856 0.000 
10.29 3.19 2.276 0.023 

Table (3): Troponin levels at induction of anesthesia and after aortic unclamping or ter-
mination of last distal anastomosis in both study groups. 

Troponin I (ng/ml) 

Patient group 
No=50 

Control group 
No=100 p- 

Test 
value 

 

Mean  SD Mean SD 
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Table (4): Intra-aortic balloon pump used in studied groups. 

Patient group 
No=50 

Control group 
No=100 p- 

Test 
value 

 

Count % Count % 

No 
Intraoperative 
ICU 

28 
20 
2 

56 
40 
4 

94 
3 
3 

94 
3 
3 

36.779 0.000 

Table (5): Postoperative inotropes in studied groups. 

Patient group 
No=50 

Control group 
No=100 p- 

Test 
value 

 

Count % Count % 

No 
Levophed 
Adrenaline 
Levo and adr 
Levo and simdax 
Multiple 

13 
17 
0 
12 
5 
3 

26 
34 
0 
24 
10 
3 

69 
27 
2 
2 
0 
0 

69 
27 
2 
2 
0 
0 

46.117 0.000 

Discussion 

Left Ventricular Ejection Fraction (LVEF) indi-
cates the efficiency of the ventricle and is regard-
ed as an optimal marker of LV function. LVEF has 
been considered as among the strongest predictors 
of clinical outcomes after cardiac surgery [8]. 

Despite improvements in medical therapy and 
surgical techniques, management of patients with 
left ventricular dysfunction undergoing cardiac sur-
gery is still challenging, although coronary artery 
bypass graft (CABG) surgery has shown superiority 
over medical therapy alone, leading to significant 
clinical improvement and long-term survival [9]. 
Nonetheless, it is not without risks. Presently, the 
all-cause mortality rate stands at 1% for patients 
with preserved ejection fraction (EF) [10]. 

However, patients with LVEF below 40% expe-
rience higher postoperative morbidity and mortality 
rates compared to those with normal LVEF. Notably, 
advances in patient selection, surgical techniques, 
and pre-operative optimization have contributed to 
improved CABG outcomes [11]. 

Regards to CABG techniques, recently both 
on-pump (ONCABG) and off-pump (OPCABG), 
were compared to seek the most effective approach 
to reduce the cost of prolonged intensive care unit 
length of stay and mortality [12]. OPCABG allows 
surgeons to perform bypass grafting while the heart 
is still beating, thereby avoiding cardiopulmonary 
bypass and its associated risks. The choice between 
on-pump and off-pump CABG remains controver-
sial among cardiovascular surgeons and research-
ers. Numerous studies have investigated the out- 

comes and advantages of both techniques, leading 
to conflicting results. Some studies have reported 
comparable long-term survival rates, intensive care 
unit (ICU) length of stay, and perioperative mortal-
ity between on pump and off-pump CABG [13,14]. 
On the other hand, other studies have suggested 
potential benefits of one technique over the other 
regarding reduced complications and improved pa-
tient outcomes [15,16]. 

The choice between techniques depends on 
surgeon preference and patient characteristics [12]. 
Current study showed that nearly equal operative 
technique done to enrolled studied groups, where 
42 (84%) of patients underwent on pump tech-
nique compared to 82 (82%) of control group, also 
8 (16%) of patients underwent off pump technique 
compared to 18 (18%) of control group with no sig-
nificant differences between them (p=0.760). Com-
pared to current findings, Khalili et al. [17], Ponnuru 
et al. [18] and Ibrahim et al. [12] in their study, on-
pomp CABG procedure was performed in 51.8%, 
98.6% and 81.5% of patients respectively. 

Generally, about 80% of CABG procedure are 
on-pump CABG in which the involvement of cardi-
opulmonary bypass (CPB) and aortic cross clamping 
plays a major role [11]. However, the non-physiolog-
ic nature of CPB in CABG provokes undesirable in-
flammatory response, resulting in myocardial inju-
ry through inflammation and ischemia-reperfusion 
mechanism [19]. These mechanisms result in organ 
dysfunction, major complications or in worst case, 
mortality [20]. Current study showed significant 
prolonged cardiopulmonary bypass (CPB) time in 
low EF patient (153.95±36.73 minutes) compared 
to (138.56±40.71 minutes) in normal EF patients 
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(p=0.026) with insignificant prolongation of aortic 
cross clamp (86.93+22.23 minutes) and total oper-
ative times (338.6±91.16 minutes) in patient group 
compared to (86.70±27.84 and 309.5±89.61 min-
utes) respectively in those with normal EF patients 
(p>0.05). Similar results were found by Khaled et 
al. [3] in which CPB was prolonged (141.05±71.31 
vs 127.24±62.15 minutes) and cross clamp times 
also prolonged (92.3±37.8 vs 90.0±40.8 minutes) 
in patients with EF%<35% and patients with EF% 
>35% respectively (p>0.05). 

Compared to current study, Awan et al. [21] re-
vealed insignificant differences between CPB and 
aortic cross clamp times; where patients with nor-
mal EF had (94.78±25.03 and 52.93±15.24 min-
utes), with mild to moderate EF had (97.83±25.78 
and 54.08±16.83 minutes) and those with severe-
ly reduced EF had (95.84±20.78 and 51.26±15.88 
minutes) respectively. Also, Ponnuru et al. [18] de-
scribed average CPB time was 124.32±38.26 min-
utes and aortic cross-clamp time was 67.45±26.89 
minutes. The CPB time in the study by Jose et al., 
was 105.86±27.97 minutes and the aortic cross 
clamp time was 50.82±17.35 minutes [22]. 

Due to prolonged CPB time, patients with low 
EF% (patient group) were statistically significant 
difficulty weaning from CPB compared to those 
with normal EF (control group) (p<0.001). Seven 
cases (16.7%) versus one (1.2%) weaned by IABP, 
ten cases (23.8%) versus one (1.2%) weaned by 
combined support and two difficult (4.8%) wean-
ing compared to no cases in patients and control 
groups respectively. In agreement with our study, 
Khaled et al. [3], revealed significantly higher pe-
rioperative insertion of IABP (32%) and inotropic 
support (14%) in patients with low EF% compared 
to 16% and 1.3% respectively in patients with nor-
mal EF%. Similarly, Awan et al. [21] used IABP in 
3.2% of normal EF, 15.1% of mild to moderate EF 
and 39% of severely reduced EF. Also, Ponnuru et 
al. [18] used IABP in 14 patients (9.6%) with higher 
consumption of postoperative inotropic support. 

Regards to post-operative outcome in studied 
groups; current study showed higher statistical-
ly significant levels of CK-MB (137.08 vs 90.75 
U/L; p=0.000), prolonged ventilation times (35.60 
vs 11.63 hours; p=0.000), ICU stays (3.72 vs 2.40 
days; p=0.000) and hospital stays (12.65 vs 10.29 
days; p=0.023) in patient group with low EF% com-
pared to those with normal EF% respectively. While 
the man number of blood transfusion units was in-
significant increased in patient group (2.45 units) 
compared to control group (2.25 units) (p=0.589). 
This occurred due to EF <40% is associated with 
hemodynamic instability and the increased use of 
IABP and inotropes and these factors affected the 
duration of mechanical, ICU and hospital stay di-
rectly [23]. 

Compared to our study, Awan et al. [21], revealed 
that mean number of blood transfusions in low EF 
group was 0.64±0.48. 96.2% of the patients in se-
verely reduced EF group underwent intra-operative 
and post-operative transfusions of blood products 
that included fresh frozen plasma, platelets and 
packed cells RBCs. In their study 2.9% of the pa-
tients in low EF group had prolonged ventilation, 
5.6% of the normal EF group were re-opened within 
48 hours post operatively for bleeding/tamponade. 
Complication of post-operative stroke during the 
hospital stay was highest in reduced EF group that 
is 1%, prolong ICU stay that is more than 48 hours 
was also common in same group (0.9%) discharge 
to home ratio was significantly lower in patients 
with reduced EF (91.4%). 

Similarly El-Shafey et al. [4] revealed that the 
need for mechanical ventilation (17.99 vs 16.98 
hours), ICU (3.75 vs 3.39 days) and hospital stay 
(8.85 vs 7.93 days) were significantly longer in low 
EF% compared to those with normal EF% respec-
tively. While Ponnuru et al. [18] reported that the 
mean ICU stay duration was 4±3.3 days. The ma-
jority of patients (59.6%) had 3-5 days of ICU stay. 
The mean hospital stay duration was 10.6±6.0 days. 

As any other type of cardiac surgery, CABG in-
tervention can potentially cause periprocedural my-
ocardial infarction (PMI) or myocardial injury, the 
latter one being defined as an isolated elevation of 
cardiac markers without clinical and/or instrumental 
signs of an ischemic etiology [24]. In this instance, 
the troponin I is proposed as a marker of choice af-
ter cardiac surgeries and it is a preferred marker in 
detecting myocardial necrosis and diagnosing myo-
cardial infarction. Current study showed statistical-
ly significant higher troponin I levels at induction 
(0.48 vs 0.23 ng/mL p=0.000), 2 hours (4.99 vs 
3.94 ng/mL p=0.020), 12 hours (6.66 vs 5.25 ng/mL 
p=0.011), 24 hours (3.70 vs 2.84 ng/mL p=0.006) 
and 48 hours (1.73 vs 1.32 ng/mL p=0.006) post-
operatively in patients with EF<40% compared to 
those with normal EF% (control group) respectively 
with a peak levels after 12 hours in both groups. 

Previous research by Kocak et al. [25] observed 
higher cardiac marker values between the pre-aortic 
and the post-aortic cross-clamping period. Further-
more, Kocak et al. [25] also observed the relation-
ship between histopathological myocardial injury 
score and cardiac marker values after the aortic 
cross-clamping period. Their findings showed a sig-
nificant positive correlation between the apoptotic 
index and CPB time and arterial blood cardiac tro-
ponin I in the post- aortic cross-clamping period. 

A study conducted by Sufit et al. [26] reported 
serum concentration values of troponin I level peak-
ing at 6 hours after aortic unclamping, and declining 
thereafter. Another study by Lomivorotov et al. [27] 

observed peak troponin I level at 6 hours after CPB 
in on-pump CABG surgeries. 
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Nanni et al. [24] evaluated the isolated high sen-
sitive cardiac troponin (hs-cTn) concentrations in 
the first 24h following CABG and its relations to 
cardiac adverse events (in-hospital death and PMI) 
and/or left ventricular ejection fraction (LVEF) de-
crease. They showed that post-operative hs-cTn I 
is so sensitive that in the vast majority of patients 
undergoing CABG surgery have hs-cTn I absolute 
value within 48h after the intervention is superior 
to the limit required by the latest guidelines for the 
diagnosis of PMI. They observed the highest values 
at 9–12h after surgery as well as hs-cTn I values at 
9–12h post-operatively was significantly higher in 
patients who suffered a low LVEF. 

Recently Parmana et al. [11] analyzed the correla-
tion between plasma troponin I (before induction, 5 
minutes, 6 hours and 24 hours, 48 hours after CPB) 
and myocardial histopathology in low ejection frac-
tion patients undergoing elective on-pump CABG. 
A fair positive correlation was observed between 
plasma troponin I level at 5 minutes and 6 hours 
after CPB and CPB duration in studied patients. 

Due to prolonged CPB time and hemodynam-
ic instability, the enrolled patients with low EF% 
(patient group) have statistically significant higher 
usage of IABP (40% intraoperative and 4% in ICU 
vs 3% intraoperative and 3% in ICU) (p<0.001) and 
higher consuming postoperative inotropes (74% 
vs 31%) (p=0.000) compared to those with normal 
EF% (control group). In a line with these results, He 
et al. [28] demonstrated in their study that patients 
who had low ejection fractions (EF <35%) had a 
higher rate of IABP application (25.8%) when com-
pared to those with higher ejection fractions (EF 
36-50%) (9.2%). Also, Awan et al. [21] revealed that 
history of myocardial infarction and use of IABP 
intra operatively was higher in severely reduced 
EF group compared to the patients with normal 
EF. IABP was used in 39% of patient with severely 
reduced EF which was higher as compared to the 
normal (3.2%) and moderately reduced EF (15.1%) 
groups. This may be due to variation in the thresh-
olds for IABP amongst various centers [29]. 

Regards to postoperative CABG complication; 
current study revealed that lower EF% in patient 
group was associated with significant higher inci-
dence (24%) of postoperative ICU morbidities (high 
chest drainage, arrhythmia, neurological, infection 
and multiple morbidities) compared to 11% in those 
with normal EF% (control group) (p=0.023). Sim-
ilar to current findings, a national cohort study by 
Omer et al. [30] on 61,477 patients, 6586 (10.7%) 
had a perioperative complication and 2056 (3.3%) 
had multiple complications. Compared to LVEF 
>-35%, decreasing ejection fraction was associat-
ed with greater odds of complications (25%-34%). 
Also in El-Shafey et al. [4] study, the major adverse 
cardiac events were higher in the group with EF 
<40% than group with EF >-40 and non-fatal cere- 

brovascular events, non-fatal myocardial infarction, 
heart failure, infectious and neurological compli-
cations occurred more significantly in EF <40% 
patients. Against current study, Khaled et al. [3] 
revealed insignificant differences in postoperative 
complications (wound infection, neurological, AKI 
and reoperation for bleeding) between patients with 
EF >35% and those <35%. 

CABG is commonly known to have higher oper-
ative mortality and reduced survival in patients with 
LVEF of less than 40% compared with those with 
normal ventricular function [17]. Over the years, 
with improvements in myocardial protection, an-
esthesia, cardiopulmonary bypass (CPB), and post-
operative support, operative mortality in this group 
has significantly decreased [31]. The mortality rate in 
current study was insignificantly increased among 
patient group (8%) compared to control group (3%) 
(p=0.171). In a line with our results, El-Shafey et al. 
[4] reported that the mortality rate occurred in 8.3% 
of the patients with EF <40% which was slightly 
higher than the 2.0% in patients with EF >40%. Al-
soAwan et al. [21], revealed that post-operative mor-
tality was highest in patients with reduced EF group 
that is 8.6%, 5% in moderate EF group and 3% in 
normal EF group. 

Recently Laimoud et al. [32] study included 410 
patients divided into 4 groups: patients had LVEF 
less than 35%, LVEF 35–45%, LVEF 45–55% and 
LVEF more than 55% with significant differences 
in hospital mortality occurred in (6.7% vs. 0% vs. 
0.9% vs. 3.5%, respectively with p=0.03). 

Compared to current findings, Khaled et al. [3] 
revealed early mortality was 5.2% in patients with 
normal EF% and 5.8% in patients with low EF%, 
with a statistically insignificant difference. The 
causes of death were cardiogenic shock, multi-or-
gan failure and respiratory insufficiency. 

Also the mortality rate in the present work oc-
curred in 8.3% of the patients was slightly higher 
than the reported series which ranged from 3.4% to 
4.4% [33,34]. A review of 55,515 patients form a New 
York State Database who underwent CABG proce-
dures between 1997 and 1999 reported a mortality 
rate of 4.6% in patients with EF ≤20%. A study that 
included patients with valve disease reported a mor-
tality rate of 5.6% in patients with LVEF ≤40% [7]. 

Current result was lower than that reported by 
Cassar et al. [35], they described that patients with 
<40% EF had 9.3% perioperative mortality. Studies 
done by Christakis et al. [36] in patients with ≤25% 
EF there was 9.8% operative mortality, and Carr et 
al. [37] have shown 11% perioperative mortality in 
patients having EF <35%. Also, Di Carli et al. [38] 
reported a 30-day postoperative mortality rate of 
9.3% in patients with EF <40%. However, a more 
recent report suggested a lower postoperative mor-
tality rate. A review that compared the in-hospital 
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mortality rates of patients undergoing CABG sur-
gery noted that patients who had an EF <35% had 
a mortality rate that was six times higher than that 
of patients with EF >50%. Immediate mortality in 
patients with EF <35% was 10.5% [39]. 

Other studies have reported a mortality rate of 
up to 20% in patients with heart failure undergoing 
CABG [36,40]. This may be due to lack of medical 
awareness, vigorously avoidance of surgery and 
more aggressive disease pattern which is reflected 
in their patient group and poor targets. 

The improvement in the operative outcome of 
patients with poor left ventricular function is multi-
factorial. Lower incidence of mortality of our high-
risk patients has been benefited from advances in 
peri- and postoperative managements of comorbid 
risk factors and myocardial protection strategies 
such as vasodilator therapy, cardioplegic infusion, 
use of the postoperative intra-aortic balloon, im-
proved techniques of anesthetic induction, epi-aor-
tic scanning, and intensive insulin therapy [41]. 

Recently Omer and colleagues [30], analyze data 
from more than sixty thousand patients included in 
the Veterans Affairs Surgical Quality Improvement 
Program database who had isolated CABG from 
2000 to 2016, to evaluate the association between 
low LVEF (<35%), complication rescue, and long-
term survival after isolated CABG. The authors 
found that decreased ejection fraction was associ-
ated with greater odds of complications and that 
there was a dose–response relationship between 
decreasing LVEF and overall risk of death. They 
clearly demonstrated that depressed LVEF was 
strongly associated with incremental rates of some 
complications (renal failure, prolonged ventilation, 
new mechanical support) and that the risk of spe-
cific complications may vary within LVEF classes 
according to other preoperative characteristics (ie, 
pre-existing renal failure or lung disease). Fur-
thermore, they have shown that patients who were 
rescued from complications had decreased 10-year 
survival, regardless of LVEF. 

Karedath et al. [10] recently in their meta-analy-
sis; conducted to compare mortality in patients with 
reduced and preserved EF undergoing CABG. The 
pooled analysis of five studies showed that the rate 
of early and late mortality is significantly higher in 
patients with reduced EF compared to patients with 
preserved EF. Reduced EF signifies a diminished 
ability of the left ventricle to eject blood with each 
contraction, resulting in decreased cardiac output 
and compromised overall cardiovascular function. 
This impaired heart function is associated with a 
decreased ability to deliver sufficient oxygen and 
nutrients to meet the body’s demands, particularly 
during periods of stress or increased workload, such 
as during surgery [42]. Additionally, patients with re-
duced EF often have a higher burden of comorbid-
ities, such as myocardial infarction and other cardi- 

ovascular conditions, which can further exacerbate 
the risk of adverse outcomes following CABG [43]. 

Conclusions: 
CABG in patients with EF <40% is frequent-

ly associated with more complications than others 
with normal ejection fraction. In addition, cardio-
pulmonary bypass time and the use of IABP is also 
dependent on the preoperative ejection fraction. Pa-
tients with low EF% were difficulty weaning from 
CPB compared to those with normal EF. 

Mean troponin I was statistically significant 
higher at induction, 2 hours, 12 hours, 24 hours and 
48 hours postoperatively in patients with EF <40% 
than in those with normal EF% with a peak levels 
after 12 hours in both groups. 

Current study demonstrated higher rate of mor-
tality in patients with low EF, emphasizing the im-
portance of EF assessment in risk stratification for 
CABG patients. Understanding the impact of low 
EF on surgical outcomes is crucial for better risk 
stratification and treatment planning in this unique 
patient cohort. With ongoing advancements in med-
ical care and further research, we can strive to im-
prove outcomes and quality of life for patients with 
low EF undergoing CABG. 

Large, multi-center prospective studies with 
maintenance of a central registry for cardiovascular 
procedures are needed to evaluate and improve the 
morbidity and mortality associated with these pro-
cedures. 

References 

1- SUN L.Y., GAUDINO M., CHEN R.J., BADER EDDEEN 
A. and RUEL M.: Long-term Outcomes in Patients With 
Severely Reduced Left Ventricular Ejection Fraction Un-
dergoing Percutaneous Coronary Intervention vs Coronary 
Artery Bypass Grafting. JAMA Cardiol., 5 (6): 631-641, 
2020. 

2- ANTUNES M.J.: Commentary: Low left ventricular ejec-
tion fraction in coronary artery bypass grafting: Accept or 
control factors determining survival? The Journal of Tho-
racic and Cardiovascular Surgery c January Commentary, 
1-2, 2022. 

3- KHALED S., KASEM E., FADEL A., ALZAHRANI Y., 
BANJAR K., AL-ZAHRANI W., et al.: Left ventricular 
function outcome after coronary artery bypass grafting, 
King Abdullah Medical City (KAMC) single center expe-
rience. The Egyptian Heart Journal, 71 (2): 1-7, 2019. 

4- EL-SHAFEY E.H., W., ELNAGAR T.M.A., KAMAL 
A.A.M. and KAMAL A.M.: Early Results of Coronary Ar-
tery Bypass Graft (CABG) in Patients with Low Ejection 
Fraction. World Journal of Cardiovascular Diseases, 10: 
319-328, 2020. 

5- GUPTA M., MISHRA P.K., SHOEB M., AGARWAL A. 
and PRASAD J.: A comparison of clinical outcomes of 
LVEF ≤35% versus LVEF >35% in off-pump coronary ar- 



376 Outcome of Elective Coronary Artery Bypass Grafting Surgery in Patients with Low LVEF 

tery bypass graft surgery. Int. Surg. J., 4 (6): 1908-1912, 
2017. 

6- NATARAJAN A., SAMADIAN S. and CLARK S.: Coro-
nary Artery Bypass Surgery in Elderly People. Postgradu-
ate Medical Journal, 83: 154-158, 2007. 

7- PIERI M., BELLETTI A., MONACO F., et al.: Outcome of 
Cardiac Surgery in Patients with Low Preoperative Ejec-
tion Fraction. BMC Anesthesiology, 16: 97, 2016. 

8- KURNIAWATY J., SETIANTO B.Y., SUPOMO, WIDYAS-
TUTI Y. and CINDY E. BOOM C.E.: The Effect of Low 
Preoperative Ejection Fraction on Mortality After Cardiac 
Surgery in Indonesia. Vasc Health Risk Manag., 18: 131– 
137, 2022. 

9- SHAIK T.A., CHAUDHARI S.S., HAIDER T., et al.: Com-
parative effectiveness of coronary artery bypass graft sur-
gery and percutaneous coronary intervention for patients 
with coronary artery disease: A meta-analysis of rand-
omized clinical trials. Cureus., 14: e29505, 2022. 

10- KAREDATH J., NAZLY S., MURTAZA S., et al.: Com-
parison of Early and Long-Term Mortality in Patients With 
Reduced and Preserved Ejection Fraction Undergoing Cor-
onary Artery Bypass Graft: A Systematic Review and Me-
ta-Analysis. Cureus, 15 (8): e43245, 2023. DOI 10.7759/ 
cureus.43245. 

11- PARMANA I.M.A., BOOM C.E., RACHMADI L., 
HANAFY D.A., WIDYASTUTI Y., MANSYUR M. and 
SISWANTO B.B.: Correlation Between Cardiac Index, 
Plasma Troponin I, Myocardial Histopathology, CPB and 
AoX Duration in Glutamine versus No Glutamine Admin-
istered Patients with Low Ejection Fraction Undergoing 
Elective On-Pump CABG Surgery: Secondary Analysis 
of an RCT. Vascular Health and Risk Management, 19: 
93–101, 2023. 

12- IBRAHIM RZ. and JOYO E.O.: Intensive care unit length 
of stay and mortality comparison between on-pump and 
off-pump coronary artery bypass graft: A retrospective 
study. The Egyptian Heart Journal, 75 (48): 1-6, 2023. 

13- DIEGELER A., REENTS W. and ZACHER M.: Off-pump 
or on-pump coronary-artery bypass grafting. N. Engl. J. 
Med., 369: 196–7, 2013. 

14- LAMY A., DEVEREAUX P.J., PRABHAKARAN D., et 
al.: Five-year outcomes after off-pump or on-pump coro-
nary-artery bypass grafting. N. Engl. J. Med., 375: 2359– 
68, 2016. 

15- GAUDINO M., BENEDETTO U., BAKAEEN F., et al.: 
Off- versus on-pump coronary surgery and the effect of fol-
low-up length and surgeons’ experience: A meta-analysis. 
J. Am. Heart Assoc., 7: e010034, 2018. 

16- SHAEFI S., MITTEL A., LOBERMAN D. and RAMAKR-
ISHNA H.: Off-pump versus on-pump coronary artery by-
pass grafting-a systematic review and analysis of clinical 
outcomes. J. Cardiothorac. Vasc. Anesth., 33 (1): 232–244, 
2019. 

17- KHALILI A., RAHIMI M., KHEZERLOUY AGHAD-
AM N., AKBARZADEH F. and TABAN SADEGHI M.: 
In-hospital mortality of patients with severe left ventricular  

dysfunction undergoing coronary artery bypass grafting in 
Iranian population. Journal of Cardiothoracic Surgery, 17 
(162): 1-5, 2022. 

18- PONNURU S., RADHAKRISHNAN B.K., SUDEVAN R. 
and KARUNAKARAN J.: Outcomes of Coronary Artery 
Disease Patients with Severe Left Ventricular Dysfunction 
Undergoing Surgical Management. The Heart Surgery Fo-
rum 2021-4353 25 (2): e204-e212, 2022. 

19- ULUKAN M.O., UGURLUCAN M., UNAL O., YILMAZ 
M.F., KASIFOGLU N. and SEVIN M.B.: Comparisons of 
heart-type fatty acid-binding protein (H-FABP) levels in 
off-pump versus on-pump coronary artery bypass grafting. 
amsad, 4 (1): 119–125, 2019. 

20- KHAN S.A., CAMPBELL A.M., LU Y., AN L., ALPERT 
J.S. and CHEN Q.M.: N-Acetylcysteine for cardiac pro-
tection during coronary artery reperfusion: A systematic 
review and meta-analysis of randomized controlled trials. 
Front Cardiovasc. Med., 8: 752939, 2021. 

21- AWAN N.I., JAN A., REHMAN M.U. and AYAZ N.: The 
effect of ejection fraction on mortality in Coronary Artery 
Bypass Grafting (CABG) patients. Pak J. Med. Sci., 36: 
1454-9, 2020. 

22- JOSE R., SHETTY A., KRISHNA N., CHATHOTH V., 
BHASKARAN R., JAYANT A. and VARMA P.K.: Early 
and Mid-Term Outcomes of Patients Undergoing Coronary 
Artery Bypass Grafting in Ischemic Cardiomyopathy. J. 
Am. Heart Assoc., May 21; 8 (10): e010225, 2019. 

23- DAVOODI S., KARIMI A., AHMADI S.H., et al.: Coro-
nary Artery Bypass Grafting in Patients with Low Ejection 
Fraction: The Effect of Intra-Aortic Balloon Pump Inser-
tion on Early Outcome. Indian Journal of Medical Scienc-
es, 62: 314-322, 2008. 

24- NANNI S., GAROFALO M, SCHINZARI M, NARDI E, 
SEMPRINI F, BATTISTINI P. et al. Prognostic value of 
high-sensitivity cardiac troponin I early after coronary ar-
tery bypass graft surgery. Journal of Cardiothoracic Sur-
gery, 17: 280: 1-11, 2022. 

25- KOCAK E., KOCAK C., AKSOY A., et al. High-sensitiv-
ity cardiac troponin T is more helpful in detecting peri-op-
erative myocardial injury and apoptosis during coronary 
artery bypass graft surgery. CVJA, 26 (6): 234–241, 2015. 

26- SUFIT A., WEITZEL L.B., HAMIEL C., et al.: Pharmaco-
logically dosed oral glutamine reduces myocardial injury 
in patients undergoing cardiac surgery. JPEN J. Parenter 
Enteral Nutr., 36 (5): 556–561, 2012. 

27- LOMIVOROTOV V.V., EFREMOV S.M., SHMIREV 
V.A., PONOMAREV D.N., LOMIVOROTOV V.N. and 
KARASKOV A.M.: Glutamine is cardioprotective in pa-
tients with ischemic heart disease following cardiopulmo-
nary bypass. Heart Surg. Forum., 14 (6): E384–388, 2011. 

28- HE X.Y. and GAO C.Q.: Peri-operative application of in-
traaortic balloon pumping reduced in-hospital mortality of 
patients with coronary artery disease and left ventricular 
dysfunction. Chin Med. J., 132 (8): 935, 2019. 

29- KHAN M.Z., PERVEEN S., ANSARI J.A., SAMI S.A., 
FURNAZ S. and FATIMI S.H.: Outcome and factors as- 



Ahmed Hassouna, et al. 377 

sociated with hospital mortality in patients with impaired 
left ventricular function undergoing coronary artery bypass 
grafting: Where do we stand?. Pak J. Med. Sci., 25 (4): 
526, 2009. 

30- OMER S., ADESEYE A., JIMENEZ E., CORNWELL L.D. 
and MASSARWEH N.N.: Low left ventricular ejection 
fraction, complication rescue, and long-term survival af-
ter coronary artery bypass grafting. J. Thorac. Cardiovasc. 
Surg., 163: 111-9.e2, 2022. 

31- SHARMA P., SHAHBAZ A., IQBAL J. and MOAZAM 
H.: Impact of coronary artery bypass grafting on left ven-
tricular function in patients with low ejection fraction. Ann. 
Pak. Inst. Med. Sci., 16 (3): 128-132, 2020. 

32- LAIMOUD M., AL-MUTLAQ S., MAGHIRANG M., 
ALTHIBAIT S., ALANAZI M., ALANAZI B. and AL-
HALEES Z.: Impact of left ventricular ejection fraction on 
hospital and long term outcomes after coronary artery by-
pass graft surgery. ESC Congress 2022 – Barcelona, Spain 
26–29 August 2022. 

33- VELI K., FAISAL H., MICHELLE L., et al.: Coronary Ar-
tery Bypass Grafting in Patients with Low Ejection Frac-
tion, Surgery for Coronary Artery Disease. Circulation, 
112: 344-350, 2005. 

34- APPOO J., NORRIS C., MERALI S., et al.: Long-Term 
Outcome of Isolated Coronary Artery Bypass Surgery in 
Patients with Severe Left Ventricular Dysfunction. Circu-
lation, 110: II-13-II-17, 2004. 

35- CASSAR A., HOLMES D.R., RIHAL C.S. and GERSH 
B.J.: Chronic coronary artery disease: Diagnosis and man-
agement. Mayo Clin Proc., Elsevier, 1130-1146, 2009. 

36- CHRISTAKIS G.T., WEISEL R.D., FREMES S.E., IVA-
NOV J., DAVID T.E., GOLDMAN B.S. and SALERNO 
T.A.: Coronary artery bypass grafting in patients with poor 
ventricular function. J. Thorac. Cardiovasc. Surg., 103: 
1083-91, 1992. 

37- CARR J.A., HAITHCOCK B.E., PAONE G., BERNABEI 
A.F. and SILVERMAN N.A.: Long-term outcome after 
coronary artery bypass grafting in patients with severe left 
ventricular dysfunction. Ann. Thorac. Surg., 74 (5): 1531-
1536, 2002. 

38- DI CARLI M.F., et al.: Long-term survival of patients with 
coronary artery disease and left ventricular dysfunction: 
implications for the role of myocardial viability assess-
ment in management decisions. The Journal of Thoracic 
and Cardiovascular Surgery, 116 (6): 997–1004, 1998. 

39- HAMAD M.A., VAN STRATEN A.H., SCHÖNBERGER 
J.P., TER WOORST J.F., DE WOLF A.M., MARTENS 
E.J. and VAN ZUNDERT A.A.: Preoperative ejection frac-
tion as a predictor of survival after coronary artery bypass 
grafting: Comparison with a matched general population. J. 
Cardiothorac. Surg., 5: 29, 2010. 

40- ARGENZIANO M., SPOTNITZ H.M., WHANG W., BIG-
GER J.T. Jr., PARIDES M. and ROSE E.A.: Risk stratifica-
tion for coronary bypass surgery in patients with left ven-
tricular dysfunction: analysis of the coronary artery bypass 
grafting patch trial database. Circulation, 100 (19 Suppl): 
li119–24, 1999. 

41- KULIK A., VOISINE P, MATHIEU P., MASTERS R.G., 
MESANA T.G., LE MAY M.R., et al.: Statin therapy and 
saphenous vein graft disease after coronary bypass sur-
gery: Analysis from the CASCADE randomized trial. Ann. 
Thorac. Surg., 92 (4): 1284–90, 2011. 

42- MURPHY S.P., IBRAHIM N.E. and JANUZZI J.L. Jr.: 
Heart failure with reduced ejection fraction: A review. 
JAMA, 324: 488-504, 2020. 

43- KAWAGUCHI M., HAY I., FETICS B. and KASS D.A.: 
Combined ventricular systolic and arterial stiffening in 
patients with heart failure and preserved ejection fraction: 
implications for systolic and diastolic reserve limitations. 
Circulation, 107: 714-20, 2003. 




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

