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Abstract 
Background: Risk stratification of long-term outcomes for patients under-
going Coronary artery bypass grafting has enormous potential clinical im-
portance. Aim: To develop risk stratification models for predicting long-term 
outcomes following coronary artery bypass graft (CABG) surgery. Methods: 
We retrospectively revised the electronic medical records of 2330 patients 
who underwent adult Cardiac surgery between August 2016 and December 
2022 at Madinah Cardiac Center, Saudi Arabia. Three hundred patients ful-
filled the eligibility criteria of CABG operations with a complete follow-up 
period of at least 24 months, and data reporting. The collected data included 
patient demographics, comorbidities, laboratory data, pharmacotherapy, echo-
cardiographic parameters, procedural details, postoperative data, in-hospital 
outcomes, and follow-up data. Our follow-up was depending on the clinical 
status (NYHA class), chest pain recurrence, medication dependence and echo 
follow-up. A univariate analysis was performed between each patient risk 
factor and the long-term outcome to determine the preoperative, operative, 
and postoperative factors significantly associated with each long-term out-
come. Then a multivariable logistic regression analysis was performed with a 
stepwise, forward selection procedure. Significant (p < 0.05) risk factors were 
identified and were used as candidate variables in the development of a mul-
tivariable risk prediction model. Results: The incidence of all-cause mortality 
during hospital admission or follow-up period was 2.3%. Other long-term 

How to cite this paper: Abdelrehim, A.R., 
Al Harbi, I.H., Sandogji, H.I., Alnasser, 
F.A., Uddin, Md.N.S.H., Taha, F.A., Alno-
zaha, F.A., Alabsi, F.A., Ahmed, S., Fouda, 
W.M., El Said, A.A., Khan, T. and Shabaan, 
A.M. (2023) Long-Term Outcomes after 
Coronary Artery Bypass Grafting with Risk 
Stratification. World Journal of Cardiovas-
cular Diseases, 13, 493-510. 
https://doi.org/10.4236/wjcd.2023.138043 
 
Received: July 31, 2023 
Accepted: August 22, 2023 
Published: August 25, 2023 
 
Copyright © 2023 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

https://www.scirp.org/journal/wjcd
https://doi.org/10.4236/wjcd.2023.138043
https://www.scirp.org/
https://doi.org/10.4236/wjcd.2023.138043
http://creativecommons.org/licenses/by/4.0/


A. R. Abdelrehim et al. 
 

 

DOI: 10.4236/wjcd.2023.138043 494 World Journal of Cardiovascular Diseases 
 

outcomes included all-cause recurrent hospitalization (9.8%), recurrent chest 
pain (2.4%), and the need for revascularization by using a stent in 5 (3.0%) 
patients. Thirteen (4.4%) patients suffered heart failure and they were on the 
maximum anti-failure medications. The model for predicting all-cause mor-
tality included the preoperative EF ≤ 35% (AOR: 30.757, p = 0.061), the by-
pass time (AOR: 1.029, p = 0.003), and the duration of ventilation following 
the operation (AOR: 1.237, p = 0.021). The model for risk stratification of 
recurrent hospitalization comprised the preoperative EF ≤ 35% (AOR: 6.198, 
p < 0.001), having left main disease (AOR: 3.386, p = 0.023), low postopera-
tive cardiac output (AOR: 3.622, p = 0.007), and the development of post-
operative atrial fibrillation (AOR: 2.787, p = 0.038). Low postoperative car-
diac output was the only predictor that significantly contributed to recurrent 
chest pain (AOR: 11.66, p = 0.004). Finally, the model consisted of low post-
operative cardiac output (AOR: 5.976, p < 0.001) and postoperative ventricu-
lar fibrillation (AOR: 4.216, p = 0.019) was significantly associated with an 
increased likelihood of the future need for revascularization using a stent. 
Conclusions: A risk prediction model was developed in a Saudi cohort for 
predicting all-cause mortality risk during both hospital admission and the 
follow-up period of at least 24 months after isolated CABG surgery. A set of 
models were also developed for predicting long-term risks of all-cause recur-
rent hospitalization, recurrent chest pain, heart failure, and the need for re-
vascularization by using stents. 
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1. Introduction 

Coronary artery bypass grafting (CABG) surgery is the most common heart 
surgery worldwide. CABG remains the gold standard to treat obstructive coro-
nary artery disease in patients with a high risk for extensive ischemic cardi-
omyopathy [1]. 

Over the last few decades, there were progresses in surgical technologies and 
perioperative care, which have been associated with decreased operative risk of 
CABG. The reported in-hospital mortality and 30-day mortality rates have im-
proved [2] [3]. However, these short-term outcomes do not provide satisfactory 
information to monitor long-term patient management following the surgery 
[4]. Therefore, assessment of long-term survival and quality of life following 
cardiac surgery have received more concern nowadays. Another aspect that fa-
vors developing specific models for predicting long-term outcomes following 
CABG is the fluctuating impact of predictor variables on mortality with the in-
crease in time passing following surgery [5]. 

The development of long-term risk prediction models specifically related to 
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perioperative factors, including preoperative data combined with intra- and 
postoperative parameters, would enable the identification of patients with a poor 
prognosis [6]. This would essentially help in selecting patients who would bene-
fit considerably from CABG surgery. Moreover, patients, interventional cardi-
ologists, and cardiac surgeons can implement behavioral and therapeutic mod-
ifications to optimize the benefit of surgery [7]. 

It has been reported that a risk prediction model will generally predict out-
comes more accurately in the population setting where it was originally devel-
oped. Previous long-term prediction models have been developed in the USA [8] 
[9] [10]. Australia [11], and China [12] but no models are currently available for 
predicting long-term outcomes following CABG surgery in Saudi patients. 
Therefore, this study aimed to develop risk stratification models for predicting 
long-term outcomes following CABG surgery among a cohort of Saudi patients. 

2. Methods 
2.1. Ethical Considerations 

The study was conducted following the principles of Good Clinical Practice and 
the Declaration of Helsinki, and its research protocol was approved by the Insti-
tutional Review Board of General Directorate of Health Affairs in Madinah, 
Saudi Arabia (ID: 23-047) The requirement for informed consents was waived 
because of the nature of the study. The final database used for statistical analysis 
was anonymous with a code number for every patient. 

2.2. Study Design, Settings, and Duration 

This single-center, registry-based, retrospective cohort study included consecu-
tive patients who underwent isolated CABG surgery between August 2016 and 
December 2022 at Madinah Cardiac Center, Saudi Arabia. 

2.3. Eligibility Criteria 

Inclusion criteria: 
• Elective or emergency isolated CABG operation. 
• Patient with regular follow-up over at least 24 months post-operative. 
Exclusion criteria: 
• Patients who underwent concomitant operation with CABG. 
• Patient who lost follow-up post-operative or his follow up period less than 24 

months. 
• Died early post-operative or before 2 years follow up. 

2.4. Data Collection 

We retrospectively revised the electronic medical records of 2330 patients who un-
derwent adult Cardiac surgery during the study duration. Three hundred patients 
fulfilled the eligibility criteria with complete data reporting. The collected data in-
cluded patient demographics, comorbidities, laboratory data, pharmacotherapy,  
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Figure 1. Patient selection flow chart. 

 
echocardiographic parameters, procedural details, postoperative data, in-hospital 
outcomes, and follow-up data. 

2.5. Surgical Procedure 

The CABG on cardiopulmonary bypass procedure is a standard technique in our 
institution. The procedures were performed from full median sternotomy. The 
left internal mammary artery and great saphenous vein are the standard con-
duits used except in emergency patients where we used just the great saphenous 
vein. The grafts were harvested, and intravenous heparin was administered to 
achieve the desired activated clotting time of 420- ± 40 s. The anastomoses were 
performed by running a 7 - 0 monofilament prolene suture. 

2.6. Follow-Up 

All patients’ follow-up was through routine outpatient clinic visits via complete 
clinical assessment, ECG, or Echocardiography depending on the primary clini-
cal status. During the COVID-19 era, the follow-up was through telephone calls 
or virtual clinics (patient effort and dyspnea status, medication dependence, 
daily activity) and if the patient needs critical assessment we arranged program 
for home visit. The follow-up pattern was 1 and 3 months after surgery and 
every 6 months thereafter. 

2.7. Outcomes 

The long-term outcomes included the incidence of all-cause mortality during the 
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hospital admission or the follow-up period, recurrent hospitalization for chest 
pain, heart failure, or rehabilitation, recurrent chest pain, heart failure, and the 
need for revascularization using a stent. 

2.8. Statistical Analysis 

All data were tabulated and analyzed by the statistical package for social sciences 
software program, IBM SPSS Statistics for Windows, version 26 (IBM Corp., 
Armonk, N.Y., USA). Continuous variables were reported as mean ± standard 
deviation (SD) or median with interquartile range and were compared using an 
unpaired t-test or Mann-Whitney U test, depending on the normality of the dis-
tribution. Categorical variables were reported as frequencies and percentages 
and were compared using Chi-Square or Fisher’s exact tests as appropriate. Fur-
thermore, the Marginal homogeneity test was applied to compare the preopera-
tive and the postoperative NYHA classes. A univariate analysis was performed 
between each patient risk factor and the long-term outcome to determine the 
preoperative, operative, and postoperative factors significantly associated with 
each long-term outcome. Then a multivariable logistic regression analysis was 
performed with a stepwise, forward selection procedure. Significant (p < 0.05) 
risk factors were identified and were used as candidate variables in the develop-
ment of a multivariable risk prediction model. The obtained results are pre-
sented as adjusted odds ratios (AOR) to the coexistence of other predictors and 
their 95% confidence intervals (CI). 

Patient risk factors examined were preoperative data including demographics, 
body mass index (BMI), nature of the procedure whether elective or emergency, 
preoperative New York Heart Association (NYHA) class, European System for 
Cardiac Operative Risk Evaluation (Euro SCORE II), preoperative ejection frac-
tion (EF) (≤35% or not), Serum creatinine, current smoking, dyslipidemia, di-
abetes mellitus, hypertension, hypothyroidism, cerebrovascular accident (CVA), 
peripheral vascular disease (PVD), chronic obstructive pulmonary disease 
(COPD), unstable angina, and left main (LM) coronary disease, operative data 
were the number of grafts, and bypass and cross-clamp times, while the post-
operative data comprised duration of ventilation, postoperative EF (≤35% or 
not), pneumonia, sepsis, postoperative cerebrovascular accident, renal dialysis, 
postoperative low cardiac output, postoperative atrial and ventricular fibrilla-
tion, deep sternal wound infection, and the total hospital stay. A p-value < 0.05 
was considered statistically significant. 

3. Result 

This study included 300 cardiac patients who underwent isolated CABG surgery 
and completed follow-ups for at least 24 months. Their mean age was 60.1 ± 9.0 
years and males (87.0%) outnumbered females. The median BMI was 28.0 (IQR: 
26.7 - 30.0). In 253 (84.3%), the operation was elective while it was urgent in 
15.7%. The preoperative NYHA classes were class 1 (30.3%), class 2 (29.7%), 
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class 3 (35.7%), and class 4 (4.3%). The mean preoperative Euro SCORE II was 
1.84 ± 0.69 and 23.7% had preoperative EF of ≤35%. More than half (51%) were 
current smokers. The associated morbidities included dyslipidemia (50.3%), di-
abetes mellitus (71.0%), hypertension (70.3%), hypothyroidism (9.3%), recent 
cerebrovascular accident (5.3%), peripheral vascular disease (10.7%), and COPD 
(7.7%). 132 (44.0%) has unstable angina and (11.7%) had left main (LM) coro-
nary disease. The surgical procedures had a median BP time of 88.5 (IQR: 70.0 - 
110.0) minutes, a median C-Clamp time of 38.5 (IQR: 25.0 - 55.5) minutes, and a 
mean number of grafts of 2.7 ± 0.7. The median duration of ventilation was 3.0 
(IQR: 3.0 - 5.0), the mean postoperative EF was 45.5 ± 9.3, and 60 (20.0%) has a 
postoperative low cardiac output. The postoperative NYHA classes were class 1 
(69.0%), class 2 (23.0%), and class 3 (8%). Postoperative AF and VF were rec-
orded in 16.3% and 6%, respectively. Postoperative complications included 
pneumonia (6.0%), sepsis (4.7%), deep sternal wound infection (18.3%), and 
CVA (2.7%). Sixteen patients (5.3%) required renal dialysis. The median dura-
tion of hospital stay was 9.0 (IQR: 7.0 - 12.0) days, and the duration of follow-up 
ranged from 24 to 52 with a median of 29.0 (IQR 27.0 - 34.0) months (Table 1). 

Table 2 shows that the incidence of in-hospital mortality was 1.3% while the 
rate of all-cause mortality during hospital admission or follow-up period was 
2.3%. Other long-term outcomes included recurrent hospitalization for chest 
pain, heart failure, or rehabilitation in 29 (9.8%) patients, recurrent chest pain 
(2.4%), and the need for revascularization by using a stent in 5 (3.0%) patients. 
Two patients needed a stent of the left circumflex, another two patients needed 
stenting of the left anterior descending, while stenting of the right circumflex 
was done in one patient. During the follow-up period, 13 (4.4%) patients suf-
fered heart failure and they were on the maximum anti-failure medications. 

The univariate binary logistic regression analysis for the risk of all-cause mor-
tality following CABG during the hospital admission or the follow-up period 
showed some significant risk factors including urgent CABG (OR: 7.752, p = 
0.009), Euro SCORE II (OR: 9.749, p < 0.001), a preoperative EF ≤ 35% (OR: 
21.046, p = 0.005), bypass time (OR: 1.039, p < 0.001), the number of grafts (OR: 
3.575, p = 0.026), duration of ventilation (OR: 1.194, p = 0.001), a postoperative 
EF ≤ 35% (OR: 12.150, p = 0.003), sepsis (OR: 9.367, p = 0.012), renal dialysis 
(OR: 7.971, p = 0.018), a low postoperative cardiac output (OR: 26.556, p = 
0.003), postoperative VF (OR: 6.925, p = 0.027), and the length of hospital stay 
(OR: 1.072, p = 0.001) (Table 3). 

The multivariable forward stepwise logistic regression analysis revealed a risk 
stratification model for the risk of death due to any cause following CABG dur-
ing the hospital admission or the follow-up period of 52 months. The model had 
an accuracy of 97.7% and included the preoperative EF ≤ 35% (AOR: 30.757, p = 
0.061), the BP time (AOR: 1.029, p = 0.003), and the duration of ventilation fol-
lowing the operation (AOR: 1.237, p = 0.021) (Table 4). 

Table 5 shows a Risk stratification models for the other long-term. The model 
for risk stratification of recurrent hospitalization showed an accuracy of 91.5%  
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Table 1. Preoperative, operative, and postoperative characteristics of the studied patients 
(N = 300). 

Age, Years Mean ± SD 60.1 ± 9.0 

Sex (Male) N, % 261 (87.0%) 

BMI, kg/m2 Median (IQR) 28.0 (26.7 - 30.0) 

Elective CABG N, % 253 (84.3%) 

Urgent CABG N, % 47 (15.7%) 

Preoperative NYHA Class 1 N, % 91 (30.3%) 

Preoperative NYHA Class 2 N, % 89 (29.7%) 

Preoperative NYHA Class 3 N, % 107 (35.7%) 

Preoperative NYHA Class 4 N, % 13 (4.3%) 

Euro SCORE II Mean ± SD 1.84 ± .69 

Preoperative EF % Mean ± SD 44.3 ± 9.8 

Preoperative EF % ≤ 35% N, % 71 (23.7%) 

Preoperative EF % > 35% N, % 229 (76.3%) 

Serum Creatinine Median (IQR) 90.8 (80.0 - 108.0) 

Current Smoking N, % 153 (51.0%) 

Dyslipidemia N, % 151 (50.3%) 

Diabetes Mellitus N, % 213 (71.0%) 

Hypertension N, % 211 (70.3%) 

Hypothyroidism N, % 28 (9.3%) 

Recent CVA N, % 16 (5.3%) 

PVD N, % 32 (10.7%) 

COPD N, % 23 (7.7%) 

Unstable Angina N, % 132 (44.0%) 

LM Disease N, % 35 (11.7%) 

BP Time/Min Median (IQR) 88.5 (70.0 - 110.0) 

C-Clamp Time/Min Median (IQR) 38.5 (25.0 - 55.5) 

Number of Grafts Mean ± SD 2.7 ± 0.7 

Duration of Ventilation, Days Median (IQR) 3.0 (3.0-5.0) 

Postoperative EF % Mean ± SD 45.5 ± 9.3 

Pneumonia N, % 18 (6.0%) 

Sepsis N, % 14 (4.7%) 

Postoperative CVA N, % 8 (2.7%) 

Renal Dialysis N, % 16 (5.3%) 

Postoperative Low Cardiac Output N, % 60 (20.0%) 
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Continued 

Postoperative AF N, % 49 (16.3%) 

Postoperative VF N, % 18 (6.0%) 

Postoperative NYHA Class 1 N, % 207 (69.0%) 

Preoperative NYHA Class 2 N, % 69 (23.0% ) 

Preoperative NYHA Class 3 N, % 24 (8%) 

Deep Sternal Wound Infection N, % 55 (18.3%) 

Total Hospital Stay, Days Median (IQR) 9.0 (7.0 - 12.0) 

Duration of Follow-Up, Months Median (IQR) 29.0 (27.0 - 34.0) 

AF: atrial fibrillation, BMI: body mass index, BP time: bypass time, C-clamp time: 
cross-clamp time, CABG: coronary artery bypass grafting, CVA: cerebrovascular acci-
dent, COPD: chronic obstructive pulmonary disease, Euro SCORE II: European System 
for Cardiac Operative Risk Evaluation, EF: ejection fraction, LM: left main, PVD: peri-
pheral vascular disease, NYHA: New York Heart Association, VF: ventricular fibrillation, 
Min: minute, SD: standard deviation, IQR: interquartile range. 

 
Table 2. In-hospital mortality and long-term outcomes of the studied patients through-
out the follow-up period of 52 months. 

In- Hospital Mortality 
No 296 98.7% 

Yes 4 1.3% 

All-Cause Mortality (During Hospital 
Admission or Follow-Up) 

No 293 97.7% 

Yes 7 2.3% 

Recurrent Hospitalization for Chest Pain, 
Heart Failure, or Rehabilitation 

No 267 90.2% 

Yes 29 9.8% 

Recurrent Chest Pain 
No 289 97.6% 

Yes 7 2.4% 

Heart Failure (On Maximum 
Anti-Failure Medications) 

No 283 95.6% 

Yes 13 4.4% 

Need for Revascularization (Stenting) 
No 287 97.0% 

Yes 5 3.0% 

Stent LCX 2 0.7% 

Stent LAD 2 0.7% 

Stent RCA 1 0.3% 

LCX: left circumflex artery, LAD: left anterior descending artery, RCA: right coronary ar-
tery. 

 
The variables that contributed significantly to the model comprised the preoper-
ative EF ≤ 35% (AOR: 6.198, p < 0.001), having LM disease (AOR: 3.386, p = 
0.023), low postoperative cardiac output (AOR: 3.622, p = 0.007), and the devel-
opment of postoperative AF (AOR: 2.787, p = 0.038). Concerning the recurrent  
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Table 3. Univariate binary logistic regression analysis for the risk of all-cause mortality 
following CABG during the follow-up period of 52 months. 

Parameters Odds Ratio 95% CI p-Value 

Age, Years 0.981 0.903 - 1.066 0.657 

Female Sex 1.118 0.131 - 9.547 0.919 

BMI, kg/m2 0.965 0.804 - 1.158 0.705 

Urgent CABG 7.752 1.676 - 35.854 0.009* 

Preoperative NYHA Class 2 1.023 0.063 - 16.607 0.987 

Preoperative NYHA Class 3 3.495 0.384 - 31.844 0.267 

Preoperative NYHA Class 4 7.500 0.440 - 127.920 0.164 

Euro SCORE II 9.749 2.816 - 33.754 <0.001* 

Preoperative EF ≤ 35% 21.046 2.489 - 177.964 0.005* 

Serum Creatinine 1.008 0.998 - 1.018 0.109 

Current Smoking 0.994 0.672 - 1.471 0.975 

Dyslipidemia 1.324 0.480 - 6.060 0.716 

Diabetes Mellitus 1.476 0.926 - 2.351 0.997 

Hypertension 1.056 0.201 - 5.547 0.949 

Hypothyroidism 1.200 0.817 - 1.762 0.998 

Recent CVA 3.089 0.268 - 27.320 0.311 

PVD 3.507 0.652 - 18.867 0.144 

COPD 0.543 0.221 - 1.334 0.998 

Unstable Angina 0.939 0.632 - 1.395 0.951 

LM Disease 0.621 0.288 - 1.338 0.994 

BP time/Min 1.039 1.022 - 1.056 <0.001* 

C-Clamp time/Min 1.010 0.992 - 1.034 0.435 

Number of Grafts 3.575 1.138 - 11.228 0.026* 

Duration of Ventilation, Days 1.194 1.073 - 1.327 0.001* 

Postoperative EF ≤ 35% 12.150 2.292 - 64.403 0.003* 

Pneumonia 2.706 0.308 - 23.428 0.369 

Sepsis 9.367 1.646 - 53.658 0.012* 

Postoperative CVA 6.810 0.721 - 64.340 0.094 

Renal Dialysis 7.971 1.420 - 44.760 0.018* 

Postoperative Low Cardiac Output 26.556 3.132 - 225.144 0.003* 

Postoperative AF 1.236 0.914 - 1.671 0.998 

Postoperative VF 6.925 1.246 - 38.573 0.027* 

Deep Sternal Wound Infection 0.881 0.523 - 1.484 0.634 

Total Hospital Stay, Days 1.072 1.027 - 1.118 0.001* 

AF: atrial fibrillation, BMI: body mass index, BP time: bypass time, C-clamp time: 
cross-clamp time, CABG: coronary artery bypass grafting, CVA: cerebrovascular acci-
dent, COPD: chronic obstructive pulmonary disease, Euro SCORE II: European System 
for Cardiac Operative Risk Evaluation, EF: ejection fraction, LM: left main, PVD: peri-
pheral vascular disease, NYHA: New York Heart Association, VF: ventricular fibrillation, 
Min: minute, HR: hazard ratio, CI: confidence interval, *Significant at p < 0.05. 
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Table 4. A multivariable forward stepwise logistic regression model for the risk of death following CABG during the follow-up 
period of 52 months. 

Parameters Beta Coefficient p-Value AOR 
95% CI of AOR 

Accuracy p-Value 
Lower Upper 

Preoperative EF ≤ 35% 3.426 0.061 30.757 0.857 1103.606 

97.7% <0.001* 
BP Time/Min 0.029 0.003* 1.029 1.010 1.049 

Duration of Ventilation, Days 0.213 0.021* 1.237 1.032 1.483 

Constant −11.217 <0.001*  

CABG: coronary artery bypass grafting, EF: ejection fraction, AOR: adjusted odds ratio, CI: confidence interval, *significant at p < 
0.05. 
 

Table 5. Multivariable forward stepwise logistic regression models for the risk of recur-
rent hospitalization, recurrent chest pain, and heart failure on maximum anti-failure 
therapy. 

Parameters p-Value AOR 
95% CI 

Accuracy p-Value 
Lower Upper 

Recurrent Hospitalization 

LM Disease 0.023* 3.386 1.187 9.711 

91.5% <0.001* 

Postoperative Low Cardiac Output 0.007* 3.622 1.387 9.461 

Postoperative AF 0.038* 2.787 1.030 7.538 

Preoperative EF ≤ 35% <0.001* 6.198 2.504 15.342 

Constant 0.303 2.812  

Recurrent Chest Pain 

Postoperative Low Cardiac Output 0.004* 11.66 2.202 61.819 
97.6% 0.002* 

Constant <0.001* 0.008  

Heart Failure on Maximum Anti-Failure Therapy 

Postoperative EF ≤ 35% <0.001* 11.271 3.261 38.957 

95.6% <0.001* Postoperative AF 0.028* 3.881 1.156 13.030 

Constant <0.001* 0.012  

Revascularization Using Stent 

Postoperative low Cardiac Output <0.001* 5.976 2.610 13.684 

90.2% <0.001* Postoperative VF 0.019* 4.216 1.271 13.986 

Constant <0.001* 0.052  

AOR: adjusted odds ratio, CI: confidence interval, EF: ejection fraction, AF: atrial fibrilla-
tion, VF: ventricular fibrillation, LM: left main, *significant at p < 0.05. 

 
chest pain, low postoperative cardiac output was the only predictor that signifi-
cantly contributed to it (AOR: 11.66, p = 0.004), with an accuracy of 97.6%. The 
model consisted of low postoperative cardiac output (AOR: 5.976, p < 0.001) and 
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postoperative VF (AOR: 4.216, p = 0.019) was significantly associated with in-
creased likelihood of the future need for revascularization using stent with an 
accuracy of 90.2%. Further, patients with a postoperative EF ≤ 35% showed 
11.271 times increased likelihood of developing heart failure (AOR: 11.271, p < 
0.001), and the development of postoperative AF was significantly associated 
with an increased chance of the occurrence of heart failure (AOR: 3.881, p = 
0.028). 

There was a significant difference between the preoperative and the postoper-
ative NYHA classes. Among the 91 patients who had preoperative NYHA class 
1, 71 patients showed the same postoperative NYHA class while 20 patients 
showed upgrading to NYHA Class 2, or 3 (10 patients each). Among the 89 
patients who had preoperative NYHA class 2, 52 patients showed downgrading to 
Class 2, 29 patients showed no change, and 8 patients showed upgrading to Class 
3. Among the 107 patients who had preoperative NYHA Class 3, 77 patients 
showed a downgrading to Class 1, 25 patients downgraded to Class 2, and 5 pa-
tients showed the same class. All 13 patients who had preoperative NYHA Class 
4 showed downgrading to Class 1 (7), Class 2 (5), or Class 3 (1) as illustrated in 
Table 6. 

4. Discussion 

Long-term duration of follow-up helps the clinical data registries for being rea-
lized as the delayed postoperative deaths would be captured and registered. 
Hence, it enables the comparison of the effectiveness studies of various treat-
ment strategies for coronary artery disease. Moreover, some preoperative risk 
factors may have little impact on short-term mortality but are major considera-
tions in the longer term, and vice versa. Knowledge of long-term health expecta-
tions effectively supports the shared decision-making of the patients with their 
providers and enables optimal treatment planning, and quality improvement in-
itiatives [8] [12]. 

This study assessed the long-term impact of preoperative risk factors, operative  
 

Table 6. Comparison of the preoperative and postoperative NYHA class in the studied 
patients (N = 300). 

 

Postoperative NYHA Class Marginal  
Homogeneity 

Test 
p-Value 

1 2 3 Total 

N % N % N % N % 

Preoperative 
NYHA Class 

1 71 23.7% 10 3.3% 10 3.3% 91 30.3% 

<0.001* 

2 52 17.3% 29 9.7% 8 2.7% 89 29.7% 

3 77 25.7% 25 8.3% 5 1.7% 107 35.7% 

4 7 2.3% 5 1.7% 1 0.3% 13 4.3% 

Total 207 69.0% 69 23.0% 24 8.0% 300 100.0% 

NYHA: New York Heart Association, *significant at p < 0.05. 
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and perioperative care processes, and postoperative complications on the CABG 
mortality, readmissions, and re-intervention outcomes of the patients who un-
derwent isolated CABG surgery. 

The rate of all-cause mortality during hospital admission or follow-up period 
was 2.3%. Four patients died during hospital admission (this early outcome) and 
three patients during the follow-up period (long term). This is much lower than 
the reported death rates of 1.7% at 90 days, 2.8% at 1 year, 4.4% at 2 years, and 
6.1% at 3 years by Karim, et al. [11] in an Australian patient cohort. 

Low preoperative ejection fraction (≤35%) and prolonged BP times and ven-
tilation duration showed a significant negative impact on survival throughout 
hospital admission or at any time during the follow-up period. These candidate 
risk factors can predict death due to any cause following CABG during the hos-
pital admission or the follow-up period of 52 months with an accuracy of 97.7%. 
Therefore, careful preoperative patient selection and operative monitoring, and 
perioperative management are essential for better survival in patients under-
going CABG. The low preoperative EF (≤35%) is an early predictor of death and 
it showed the highest risk (AOR: 30.757, p = 0.061). Since preoperative EF is a 
patient characteristic that is readily available before the operation, surgeons can 
rely on it to anticipate long-term prognosis for surgical decision-making. 

Patients with low EF secondary to ischemic cardiomyopathy are considered a 
vulnerable patient population who requires preoperative optimization with me-
chanical circulatory support devices, especially in the setting of hemodynamic 
instability, to reduce morbidity and mortality [13]. 

Karim, et al. [11] found that reduced EF was associated with both short-term 
mortality and long-term mortality following CABG; reduced EF appeared as a 
significant predictor in all long-term models developed at 1, 2, and 3 years fol-
lowing CABG as well as in the 30-day mortality model reported in Euro-SCORE 
II. 

An earlier study found that long-term survival was significantly decreased in 
patients with EF of 0.30 or less: 1-year survival was significantly reduced from 
96% to 88% and the 5-year survival was reduced from 81% to 75% [14]. Another 
study in India found that lack of improvement of left ventricular function was a 
strong predictor of late mortality (odds ratio 25.20; CI 5.40 - 117.55) in patients 
with severe left ventricular dysfunction (ejection fraction ≤ 35%) who underwent 
CABG after a median follow-up period of 1057 days [15]. Congestive heart fail-
ure has been reported as a risk factor that significantly influences the prognosis 
of patients after CABG [16], and it was included in the nomogram for predicting 
the three-year mortality following CABG [12]. 

The improved mortality risks and prolonged survival times among patients 
who undergo CABG surgery emphasize the need to predict the risk of other 
long-term clinical outcomes. The determination of the preventable risk factors 
for hospital readmissions after CABG surgery is an important priority. The 
identification of high-risk population for repeated admissions after CABG pro-
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vide a basis for stratified management and intervention of patients with dif-
ferent degrees of risk, which will help to maximize the effectiveness of treat-
ment and reduce medical costs [17], Hence, this study explored the incidence 
of recurrent hospitalization due to chest pain, heart failure, or rehabilitation in 
29 (9.8%) patients. 

Some risk factors contributed significantly to a prediction model of the re-
peated all-cause hospital admission including two preoperative factors; preoper-
ative EF ≤ 35% (AOR: 6.198, p < 0.001), having LM artery disease (AOR: 3.386, 
p = 0.023), and two postoperative factors; low postoperative cardiac output 
(AOR: 3.622, p = 0.007), and the development of postoperative AF (AOR: 2.787, 
p = 0.038). In comparison, a corresponding study reported that 9.15% of patients 
who underwent CABG were readmitted within 30 days, and there were five risk 
factors for the 30-day all-cause readmission: including age, previous heart fail-
ure, total preoperative albumin levels, previous myocardial infarction, and his-
tory of diabetes mellitus [18]. 

Furthermore, Sah, et al. [19] reported 12.2% readmissions within 30 days of 
discharge after CABG and atrial fibrillation (OR: 1.20) were among the signifi-
cant risk factors. A retrospective cohort study at King Abdulaziz Medical City 
included adult patients who underwent CABG confirmed a 30-day readmission 
rate of 16.1%, and the readmission was associated with diabetes mellitus, asthma, 
hyperlipidemia, and use of medications such as amiodarone, statins, and amlo-
dipine [20]. 

In this study, follow-up of the patients for at least 24 months revealed a 2.4% 
incidence of recurrent chest pain, and the postoperative low cardiac output was 
the only risk factor that significantly contributed to its prediction (AOR: 11.66, p 
= 0.004), with an accuracy of 97.6%. Furthermore, 5 (3.0%) patients needed re-
vascularization by using a stent. Two patients needed a stent of the left circumf-
lex; another two patients needed stenting of the left anterior descending, while 
stenting of the right circumflex was done in one patient. The risk stratification 
model for revascularization consisted of postoperative low cardiac output (AOR: 
5.976, p < 0.001) and postoperative ventricular fibrillation (AOR: 4.216, p = 
0.019), with an accuracy of 90.2%. 

It is well established that the long-term efficacy of CABG is hindered by by-
pass graft failure and the progression of the original coronary artery disease, re-
sulting in late recurrent angina. There was an 18% incidence of recurrent angina 
symptoms and ischemia at 5 years after CABG, which increased to 40% - 50% at 
10 years and up to 60% at 15 years following the operation [21]. 

The long-term graft patency is related to the types of vascular conduits. The 
left internal mammary artery (and great saphenous veins are the standard Con-
duits used in this study. internal mammary artery grafts demonstrated excellent 
patency rates between 85 and 91% 10 years after CABG [22]. Saphenous vein 
graft failure has been reported between 10 and 20% within 1 year after CABG, 
with an additional yearly failure rate of 1% - 2% between 1 and 6 years [23]. 

https://doi.org/10.4236/wjcd.2023.138043


A. R. Abdelrehim et al. 
 

 

DOI: 10.4236/wjcd.2023.138043 506 World Journal of Cardiovascular Diseases 
 

Many patients who underwent CABG go through repeated cardiac catheteriza-
tion and necessitate consequent revascularization therapy [24] [25]. It is essen-
tial to note that the distinction between recurrent chest pain due to angina from 
other causes of chest pain requires investigations and imaging studies of the 
heart [21]. 

It has been reported that heart failure is the most frequent cause of unsche-
duled hospital admission [26]. Accordingly, identifying patients at high risk has 
imperative implications for preventive efforts. During the follow-up period in 
the present study, 13 (4.4%) patients suffered heart failure and they were on the 
maximum anti-failure medications. Further, patients with a postoperative EF ≤ 
35% showed 11.271 times increased likelihood of developing heart failure (AOR: 
11.271, p < 0.001), and the development of postoperative AF was significantly 
associated with an increased chance of the occurrence of heart failure (AOR: 
3.881, p = 0.028). 

Much higher risk of heart failure after CABG has been reported by Teo, et al. 
[27] who found that 10% of the patients had at least one episode of heart failure 
hospitalization during a mean follow-up of 3.3 years, and by Moreyra, et al. [28] 
who detected 19% incidence of heart failure hospitalization at 2 years after 
CABG. The difference in the rates of heart failure risk is attributed to the differ-
ent risk profiles of the patients. Furthermore, Moreyra, et al. [28] concluded that 
pre-operative EF is a strong predictor of heart failure admission within 2 years 
after CABG surgery. Furthermore, in this study, atrial fibrillation was another 
risk factor for heart failure (AOR: 3.881, p = 0.028). This is supported by those 
who concluded that atrial fibrillation is the most frequently occurring arrhyth-
mic complication after CABG and it may contribute to mortality, and morbidity, 
and extends the ICU stay [29]. 

Another important finding in the present study is the improvement of NYHA 
classes following the CABG where more patients who had classes 3 and 4 were 
moved to classes 1 - 2 which reflects the high benefit of CABG in the study co-
hort. The NYHA classification represents a more complete clinical assessment of 
the patient’s well-being [30], and Chow, et al. [31] reported that Postoperative 
NYHA class 3 - 4 was the only significant factor associated with 10-year all-cause 
mortality with an odds ratio of 6.3. 

Strengths and Limitations 

This study has strengths of dependence on electronic medical records that have a 
uniform classification of the procedures and clinical variables, with the distinc-
tion between co-morbidities and complications, and which reflect the current 
patient severity and surgical practice. Further, the study did not focus on a nar-
row patient population, and it included all patients who underwent isolated 
CABG operations, completed the follow-up period of at least 24 months, and 
with no missing data. This would widen the spectrum of generalization of the 
results after future validation of the developed risk stratification models. More-
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over, the study addressed the long-term outcomes of CABG which are currently 
of more concern. On the other hand, the retrospective study design carries po-
tential procedure and detection bias, and the results might have been affected by 
unmeasured confounding variables. Another limitation is that data were ob-
tained from a single center, which might limit the generalizability of the results. 

5. Conclusion 

A risk prediction model was developed in a Saudi cohort for predicting all-cause 
mortality risk during both hospital admission and the follow-up period of at 
least 24 months after isolated CABG surgery. These risk prediction models help 
to get a complete prognosis and thus facilitate evidenced-based surgical deci-
sion-making. A set of models were also developed for predicting long-term risks 
of all-cause recurrent hospitalization, recurrent chest pain, heart failure, and the 
need for revascularization by using stents. The developed models are based on 
easily accessible preoperative, operative, and postoperative clinical factors. After 
future validation of these risk models, they can be used to identify vulnerable pa-
tients enabling the intensification of follow-up visits and the recommended 
treatment in these patients. 
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