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Background & Aim: Reducing readmissions is a major goal of health care systems. This 

study aimed to identify readmission risk factors following coronary artery bypass graft 

surgery. 

Methods & Materials: This case-control study analyzed 540 patients who underwent 

coronary artery bypass graft surgery between January 2016 and December 2019 at Shahid 

Beheshti Hospital in Qom, Iran. The case group contained 270 patients who were readmitted 

to the hospital during the 30-day after discharge and the control group comprised 270 non-

readmitted patients.  

Results: Readmit patients suffered from higher rates of cardiac failure, myocardial infarction, 

hypertension, myocardial dysrhythmia, and using antiplatelet coagulant medication (P<0.05). 

Compared with non-readmitted patients, readmitted patients were more likely to have 

emergency surgery (OR 1.62; CI 1.11-2.38), cardiac arrest (OR 2.52; CI 2.39-2.85), and 

massive intraoperative hemorrhage during surgery (OR 2.36; CI 2.13-2.67). Postoperative 

disorders such as surgical site infection, pleural effusion, dysrhythmias, and myocardial 

infarction were independent risk factors for readmission (P<0.05). 

Conclusion: Patients at risk for readmission should be closely monitored. Furthermore, 

careful decision-making about surgical criteria by a multidisciplinary team can help improve 

outcomes as well as reduce readmissions. 
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Introduction1 

Coronary heart disease (CHD) is a major 

cause of death and disability in developing 

and developed nations (1). Although 

mortality rates of CHD have declined over 

the last decades in developed countries, it 

remains responsible for more than 30% of 

all deaths in individuals over age 35 (2). At 

least 80% of global deaths due to CHD 

occurred in developing low- and middle-

income countries (3). The coronary artery 

bypass graft (CABG) is a surgical 

revascularization procedure performed to 

improve symptoms and survival in patients 

with CHD (4-6). CABG has been shown to 

relieve incapacitating chest pain and 

dyspnea (7) and to improve quality of life 
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(8) and functional capacity (9). Despite the 

positive outcomes of CABG, it can lead to 

complications such as surgical wound 

infections, pneumonia, venous 

thromboembolism, graft failure (6), atrial 

fibrillation (10), pulmonary hypertension,  

pericardial effusion, strokes, renal 

dysfunction, gastrointestinal complications, 

and hemodynamic instability in the early 

postoperative period (11). Therefore, 

CABG is known to be associated with 

relatively high short-term readmission rates 

(12) Up to 15% of these patients are 

readmitted within 30 days of discharge 

(13). Readmissions contribute to known 

and documented increases in health care 

costs and adversely affect hospital 

reimbursement and quality measures (14). 

Previous studies have characterized 

readmission after CABG as a major clinical 

burden. Also, these studies have analyzed 

the causes of readmission to surgery and 
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found many modified risk factors that could 

lead to improved outcomes and reduced 

health care costs if prevented. (14,15). 

Therefore, reducing hospital readmissions 

is a major goal of health care systems (16). 

The key to preventing readmission depends 

on providing high-quality care in the 

inpatient setting (17) and improving 

transitional care before hospital discharge 

(18). Early identification of patients at risk 

for readmission following CABG is crucial 

for improving hospital quality of care and 

reducing readmission (19). 

Different studies in different countries 

have suggested different risk factors for 

readmission after CABG. Therefore, due to 

a lack of prior research studies on the topic 

in Iran, it is necessary to examine the risk 

factors of readmission in the current 

context. Therefore, this study aimed to 

identify readmission risk factors following 

CABG in Shahid Beheshti Hospital in 

Qom, Iran. 

Method 

This case-control study was conducted 

to investigate risk factors of hospital 

readmission in patients who underwent 

CABG between January 2016 and 

December 2019 at Shahid Beheshti 

Hospital in Qom, Iran. The case group 

contained 270 patients who were 

readmitted to the hospital during the 30-

Day after discharge. And the control group 

comprised 270 patients who were not 

readmitted during the 30-Day after 

discharge. Random sampling was used for 

the selection of the case and control group.  

Patients≥18 years of age who underwent 

isolated CABG and survived to discharge 

were included. The exclusion criteria 

included having concomitant operations 

(eg. valve repair/replacement, aortic arch 

interventions, ventricular assist device, or 

transplant) and readmission to hospitals in 

other states. Cases and controls were well 

groups matched for the number of bypass 

grafts, duration of aortic cross-clamp, and 

cardiopulmonary bypass time.  

A complete median sternotomy was 

performed in all patients. Saphenous veins 

and the internal thoracic artery were used as 

conduits for myocardial revascularization. 

Body cooling techniques and cold 

crystalloid cardioplegia were used to 

protect myocardial function during cardiac 

surgery. After surgery, all the patients were 

admitted to the intensive care unit for three 

to four days, then they were transferred to 

the cardiac surgery ward and discharge 

after approximately one week.  

Data was collected using a checklist 

containing demographic information (e.g. 

age, gender, BMI, and history of underlying 

disease) operative factors (e.g. type of 

surgery, surgical technique, and cardiac 

arrest and massive hemorrhage during 

surgery), and postoperative factors (e.g. 

surgical site infection, pleural effusion, 

dysrhythmia, and myocardial infarction). 

Statistical analysis was performed using the 

SPSS version 20 statistical software 

package (SPSS Inc., Chicago, IL, USA). 

Chi-square test and bivariate logistic 

regressions were used to compare the cases 

and controls to examine the risk factors 

associated with readmission. Finally, 

multiple logistic regression was applied to 

adjust the effect of confounding variables, 

controlling significant variables in the 

bivariate analysis. In other words, 

Independent variables with a P value less 

than 0.05 in the simple regression model 

were included in the final model. The 95% 

confidence interval (CI) is used to estimate 

the precision of the OR. 

This study approved by the Research 

Ethics Committee of Qom University of 

Medical Sciences approved the study (no: 

IR.MUQ.REC.1398.012). 

Results 

The baseline characteristics of the 

participants are shown in table 1. The mean 

ages and Body Mass Index (BMI) of the 

patients in the case and control groups were 

59.72±10.62 vs. 60.67±9.91 years, and 

26.24±4.64 vs. 26.23±4.82 kg/m2, 
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respectively. Most of the participants were 

male (67%). Readmit patients suffered from 

higher rates of cardiac failure, myocardial 

infarction, hypertension, myocardial 

dysrhythmia, and using antiplatelet 

coagulant medication (P<0.05). However, 

there was no significant difference between 

the case and control groups in the terms of 

age, BMI, renal disease, liver disease, 

diabetes, respiratory disease, and 

hyperlipidemia (P>0.05). 

Compared with non-readmitted patients, 

readmitted patients were more likely to have 

emergency surgery (OR 1.62; CI 1.11-2.38), 

cardiac arrest (OR 2.52; CI 2.39-2.85), and 

massive intraoperative hemorrhage during 

surgery (OR 2.36; CI 2.13-2.67). However, 

most patients in the case and control groups 

underwent similarly on-pump surgery (Table 

2). 

Table 1. Comparing the baseline characteristics of case and control groups 

 

Table 2. Comparing the operative factors of the participants between case and control groups 

 

 

 

Variable 
Group 

P-Value 
              Case (N=270) Control (N=270) 

Age 59.72±10.62 60.67±9.91 0.28 

Gender, Male 175 (65.1) 190 (70.4) 0.18 

BMI 26.24±4.64 26.23±4.82 0.97 

Cardiac failure 118 (43.7) 98 (36.3) 0.04 

Myocardial infarction 20 (7.4) 8 (3) 0.01 

Hypertension 207 (77.2) 181 (67) <0.01 

Renal disease 19 (7) 10 (3.7) 0.06 

Liver disease 2 (7) 1 (4) 0.51 

Diabetes 128 (47.4) 131 (48.5) 0.43 

Respiratory disease 9 (3.3) 5 (1.9) 0.20 

Hyperlipidemia 141 (52.2) 127 (47) 0.13 

Myocardial dysrhythmia 42 (16.9) 24 (9.9) 0.01 

Antiplatelet coagulant medication 30 (11.1) 17 (6.3) 0.03 

Data are presented as the Mean ± SD, and N(%);  BMI: Body Mass Index 

Variable 
                            Group OR 

(CI 95% OR) 
P Value 

Case (N=270) Control (N=270) 

Type of 

surgery 

Emergency 86 (32.2) 61 (22.7) 

1.62 (1.11-2.38) <0.01 
Elective 181 (67.8) 208 (77.3) 

Surgical 

Technique 

On-Pump 238 (88) 232 (36.6) 
1.14 (0685-1.89) 0.35 

Off-Pump 32 (12) 36 (13.4) 

Cardiac 

arrest 

Yes 66 (27.7) 1 (0.4) 

2.52 (2.39-2.85) <0.001 
No 172(72.3) 269(99.6) 

Massive 

hemorrhage 

(>2L) 

Yes 72 (26.7) 2 (0.8) 
2.36 (2.13-2.67) <0.001 

No 198(73.3) 268(99.2) 

Data are presented as the N (%) 
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Postoperative disorders such as surgical site 

infection, pleural effusion, dysrhythmias, 

and myocardial infarction were independent 

risk factors of readmission. However, the 

frequency of postoperative pneumonia was 

similar in the case and control groups (Table 

3). 

Any variable demonstrating a p-value of 

0.2 or less was entered into the model. The 

results of multiple logistic regression 

showed that the previous history of CABG 

(OR: 6.69; 95% CI: 3.54-13.24, P>0.001) 

and non-elective surgery (OR:1.26, 95% CI: 

1.12-2.37, P>0.001) were associated with 

increased readmission rates (Table 4).

 

Table 3.  Post-operative factors of the participants among case and control groups 

 

 

 

 

 

 

 

*Not Assessed 

Table 4.  The results of multiple logistic regression 

Variable β SE (β) 
Odds Ratio 

(OR) 
CI 95% OR P-value 

Previous history of CABG 2.81 0.61 6.69 3.54-13.24 <0.001 

Non-elective surgery 0.78 0.26 1.26 1.12-2.37 0.039 

Discussion 

Hospital readmissions occur frequently 

and add substantial costs to the healthcare 

system (14). Decreasing readmissions within 

a short period after initial discharge are one 

of the targets in our health care system for 

reducing unnecessary costs. The main 

purpose of this study was to investigate the 

risk factors of 30-day readmissions 

following CABG operations. According to 

the results of this study age, gender, and 

BMI did not show a significant correlation 

to hospital readmission. However, Fanari et 

al. and Shah et al. found that older patients 

had a high risk for readmission (17). 

Moreover, Benetis et al. showed that the 

age>70 years and BMI>30 kg/m2 are 

predictors for hospital readmission (20). 

Fanari, Shah, and Benetis' difference in 

results with the current study may be related 

to differences in participants' age. In these 

studies, the participants were older than the 

present study (> 65 years vs. <60 years). As 

the world’s population gets older, the 

average age of patients undergoing CABG 

also increases (21). Surgical comorbidities 

are more prevalent among elderly patients 

(22). Given this, health care providers 

should analyze the perioperative course 

features to improve their care (23). 

The independent preoperative predictors 

of readmission in this study were a cardiac 

failure, myocardial infarction, hypertension, 

myocardial dysrhythmia, and using 

antiplatelet coagulant medications. Hannan 

et al. found that patients who were at the 

highest risk for 30-day readmission included 

elderly patients with comorbidities such as 

cerebrovascular disease, congestive heart 

failure, shock, COPD, diabetes, and immune 

system deficiency (14). Another study also 

Variable 

      Group 
OR 

(CI 95% OR) 
P-Value Case  

(N=270) 

Control  

(N=270) 

Surgical Site Infection 
      Yes 40 (14.8) 1 (4) 

2.12(1.91-2.35) <0.001 
No 230(85.2) 269(99.6) 

Pleural Effusion 
Yes 34 (12.6) 2 (0.7) 

2.15(1.95-2.36) <0.01 
No 235(87.4) 268(91.3) 

Pneumonia 
Yes   8 (3) 0 (0) 

NA* 0.06 
No 262(97) 270(100) 

Dysrhythmia 
Yes 116 (43) 0 (0) 

NA <0.001 
No 154(57) 270(100) 

Myocardial Infarction 
Yes   8 (3) 1 (4) 

1.81(1.41-2.31) 0.01 
No 262(97) 269(99.6) 
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showed that congestive heart failure, COPD, 

and diabetes are independently associated 

with higher readmission rates (24). Lack of 

full investigation of the severity of 

participants' underlying diseases makes it 

difficult to compare results between studies. 

Renal and liver disease are multi-system 

disorders. Patients with renal disease are at 

increased risk of cardiovascular disease and 

susceptibility to infections, and diabetes 

mellitus (25). Also, patients with liver 

disease are at increased risk of infection, 

coagulopathy, and impaired wound healing 

(26). Given this, in patients with organ 

dysfunction, the health care providers should 

use the proper anesthetic techniques, 

antifibrinolytic agents, and careful surgical 

techniques to prevent the complications that 

lead to readmission.   

The independent operative predicates of 

readmission in the current study were non-

elective surgery, cardiac arrest, and massive 

hemorrhage. Earlier studies have also found 

that the patients who underwent emergency 

non-elective surgery were more likely to 

experience readmissions (23, 27). Among 

the operative factors, the surgical technique 

did not affect the readmission rate. 

Amouzeshi et al. also found that off-pump is 

not associated with any increase in 

readmission rates when compared with on-

pump CABG (28). However, Barili et al. 

have shown that Off-pump CABG is 

associated with a higher risk of 

prehospitalization (29). Complete 

revascularization and graft patency are 

associated with long-term outcomes. It has 

been hypothesized that incomplete 

revascularization and/or poor graft patency 

with off-pump CABG is responsible for 

poor outcomes (30). Further studies are 

needed to elucidate the outcomes of off-

pump and off-pump surgery. 

The post-operative independent risk 

factors for readmission were surgical site 

infection, pleural effusion, dysrhythmias, 

and myocardial infarction were independent 

risk factors of readmission, which is 

consistent with reports of earlier study(6,11). 

Moreover, the present study found that the 

incidence of postoperative pneumonia was 

similar in the case and control groups. 

However, the incidence of pneumonia in the 

case group was more than that in the control 

group, and due to the clinical risks of pleural 

effusion, this incident, however low, cannot 

be ignored.  

Limitations 

Our study has several limitations. Since 

some people may have died after the CABG, 

the results cannot be generalized to all those 

who have undergone this surgery. Moreover, 

data on the severity of preoperative disorders 

such as renal, liver, or respiratory disease 

were not available. Despite these limitations, 

this study represents the first study in Iran 

that provides sufficient discrimination to 

identify those at risk for readmission after 

CABG that could provide major public 

health benefits. 

Conclusion 

This study has demonstrated that there 

are several risk factors associated with short-

term readmissions after CABG surgery. 

Patients with any of these risk factors for 

readmission should be closely monitored. 

Furthermore, careful decision-making about 

surgical criteria by a multidisciplinary team, 

including cardiac surgeons, cardiologists, 

internists, and infectious disease specialists, 

can help improve outcomes as well as 

reduce readmissions. 
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