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Stent versus bypass: 
The reasons and risk factors for early 
readmission to hospital after myocardial 
revascularization

ABSTRACT
OBJECTIVE: Though 30-day rates of readmission for coronary artery bypass graft (CABG) surgery and percuta-
neous coronary intervention (PCI) remain high, readmission rates and associated risk factors have not been well 
examined. The purpose of the present study was to determine the risk factors for and rates of readmission and 
to compare two revascularization methods on that basis. 

METHODS: The study included 2664 consecutive patients who underwent coronary revascularization either 
with CABG surgery or PCI. The study was performed retrospectively and a wide variety of risk factors related to 
readmission were selected for analysis, including demographic data, preoperative risk factors and postoperative 
complications.

RESULTS: From the CABG group (Group 1, n=1103), 18.3% were readmitted, as were 15.2% of the PCI group 
(Group 2, n=1561). In multivariate analysis, age, gender, left ventricular ejection fraction (LVEF), chronic ob-
structive pulmonary disease (COPD), diabetes mellitus (DM), length of stay (>10 days), body mass index (BMI), 
and creatinine level on admission were associated with early readmission for group 1 (Table 3). In group 2, age, 
gender, LVEF, DM, length of stay (>10 days), and creatinine level on admission were associated with early read-
mission.

CONCLUSION: When two methods of revascularization were compared, rates of readmission were found to be 
similar. Patients with cited risk factors are prone to readmission in the first 30 days, so extra precautions should be 
taken at discharge. Neither method can be concluded to be superior with regard to readmission rates. 
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comorbidities (diabetes mellitus [DM], chronic ob-
structive pulmonary disease [COPD]), previous re-
vascularization (PCI or CABG), length of hospital 
stay (1-10 days, more than 10 days) postoperative 
complications such as bleeding revision, intra-aortic 
balloon pump requirement, major complications 
such as sepsis, gastrointestinal bleeding, renal fail-
ure, or respiratory failure. The rates of readmission, 
hospitalization and risk factors were analyzed. 

Statistical analysis
All statistical analyses were performed using SPSS 
software (version 21.0; SPSS Inc., Chicago, IL, 
USA) and p value<0.05 was considered statisti-
cally significant. Categorical variables are expressed 
as n (%), and continuous variables are expressed as 
mean+SD. Forward stepwise multivariate logis-
tic regression models were created to identify the 
independent predictors of 30-day readmission to 
emergency room (ER) after myocardial revascular-
ization. Variables with p value<0.05 in univariate 
analysis were included in the multivariate model. 
To estimate the impact of demographic, clinical and 
angiographic variables on occurrence of any cause 
for ER services, we performed multiple logistic re-
gression analysis, including all variables with a uni-
variate relationship (p<0.10).

RESULTS

The study included 2664 consecutive patients with 
coronary artery disease undergoing coronary re-
vascularization, and these patients were divided 
into two groups: CABG group (Group 1, n=1103) 
and PCI group (Group 2, n=1561). A total of 440 
(16.5%) of 2664 patients were readmitted within 
30 days of discharge following revascularization. Of 
the CABG group, 18.3% (n=202) were readmitted, 
as were 15.2% (n=238) of the PCI group. The num-
ber of patients and their baseline demographic and 
clinical data are presented in Figure 1 and Table 1.

Cardiac care prompted the readmission of 
33.6% (n=148), while 66.4% (n=292) of patients 
were admitted for non-cardiac reasons (diabetes-as-
sociated problems, respiratory infections, non-spe-
cific). The most frequent 6 reasons for readmission 

The incidence of coronary artery disease has 
increased, yet despite new effective medical 

therapies, new drug-eluted stents, and novel surgi-
cal techniques developed, the early period following 
revascularization after discharge is prone to many 
problems. Risk factors for morbidity and mortality 
related to coronary artery bypass graft (CABG) sur-
gery and percutaneous coronary intervention (PCI) 
have been extensively studied. The 30-day rate of 
readmission for both revascularization methods re-
mains high, despite decreases in mortality [1, 2, 3]. 
However, readmission rates and associated risk fac-
tors have not been well examined. In particular, the 
two methods have not been compared with respect 
to early readmission. 

The primary objective of the present study was 
to determine the risk factors for and rates of read-
mission in the first 30 days after surgical or percuta-
neous revascularization. The secondary goal was to 
use the data to compare the two surgical methods. 

MATERIALS AND METHODS

The study included 2664 consecutive patients with 
coronary artery disease who underwent revascular-
ization at the hospital either with CABG surgery 
or PCI between January 1 and September 1, 2013. 
The study was performed retrospectively and ap-
proved by the scientific board of the hospital. Of 
these patients, 1561 had PCI, and 1103 had CABG 
surgery. The patients included underwent only ei-
ther CABG or PCI. Patients who died while in 
hospital and surviving patients who had not been 
discharged by postoperative day 30 were excluded. 
Patients who received concomitant surgeries or pro-
cedures were also excluded. In this study cohort, the 
goal was to identify patients who were readmitted 
within 30 days after discharge for a variety of com-
plications of CABG surgery or PCI and to compare 
them to patients who were not readmitted within 
30 days of discharge. A wide variety of potential 
risk factors related to readmission within 30 days, 
such as demographic data, preoperative risk factors 
and postoperative complications were selected for 
analysis, in addition to other variables. These in-
cluded demographic data such as age and gender, 



for whole patient group were dysrhythmia (15.7%), 
nonspecific causes (15.1%), heart failure (10.2%), 
respiratory problems (9.8%), infection (7.2%), and 
vascular access site complications (6.8%). Principal 
reasons for readmission for Group 1 and Group 2 
are presented in Table 2.

Of the readmissions, 15.38% of CABG group 
(n=32) and 17.2% of PCI group (n=41) were re-
hospitalized. The rehospitalization rate for the 
whole cohort was 2.7%; that is, 2.9% of all CABG 
patients and 2.6% of all PCI patients. The approach 
to treatment of complications was standard hospital 
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Variables Group 1 (n=1103) Group 2 (n=1561) p

Age (years) 65.1±10.6 56.5±10.6 0.03

Male 609 (55.3%) 914 (58.6%) 0.21

Hypertension 756 (68.5%) 566 (36.2%) 0.02

DM 286 (25.9%) 276 (17.7%) 0.18

COPD 203 (18.4%) 217 (13.9%) 0.22

Hyperlipidemia 330 (29.9%) 374 (23.9%) 0.35

LDL-cholesterol (mg/dL) 111.2±32.2 120.1±33.1 0.06

History of smoking 551 (49.9%) 858 (54.9%) 0.23

Previous revascularization 117 (10.6 %) 219 (14.02%) 0.04

EF (%) (on readmission) 37.5±10.5 47.6±8.6 0.01

Creatinine (mg/dL) (on readmission) 1.34±1.02 0.88±0.25 0.01

BMI>30 91 (8.3%) – 

Length of stay>10 days 103 (9.3%) 96 (6.14%) 0.07

BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; EF: Ejection fraction.
* Parametric variables are reported in mean±SD or median (interquantile range); categorical variables are reported in number (percent-
age). Hypertension: Patients using medication for hypertension; DM: Patients using oral antidiabetics or insulin; Smoking: Declaration of 
smoking, regardless of packs/years; COPD: Use of COPD medications before or after revascularization.

Table 1. Comparison of demographic and clinical features of patients in Group 1 and in Group 2 at 
presentation (n=2664)
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Figure 1. Number of patients retrospectively studied in the analysis.  
CABG: Coronary artery bypass graft surgery; PCI: Percutaneous coronary interven-
tion.



policy for surgical and cardiology teams. Reasons 
for rehospitalization in the CABG group were pri-
marily deep sternal infection, myocardial ischemia/
infarction, and pleural effusion. For the PCI group, 

North Clin Istanbul – NCI30

rehospitalization was mainly the result of myocar-
dial ischemia/infarction, arrhythmia, and vascular 
access site complications. Eight (1.8% of readmis-
sions) of the readmitted patients underwent coro-

 Univariate Analysis Multivariate Analysis *

 OR (95% CI) p OR (95% CI) p

Age  1.5 (1.33-1.65) 0.01 1.18 (1.0-1.32) 0.02

Female gender  1.3 (1.26-1.45) 0.01 1.22 (1.12-1.32) 0.01

Smoking 1.56 (0.6-4.7) 0.34 - -

Left ventricular EF 0.7 (0.58-1.02) 0.01 0.82 (0.61-0.99) 0.03

Hypertension 1.8 (0.9-4.1) 0.22 - -

DM 1.9 (1.53-2.2) 0.01 1.4 (1.3-1.66) 0.02

COPD 1.3 (1.08-1.54) 0.01 1.09 (0.96-1.28) 0.04

Creatinine  1.42 (1.3-1.68) 0.01 1.16 (0.92.-1.32) 0.03

BMI 1.5 (1.1-1.78) 0.01 1.18 (0.92-1.34) 0.03

Previous revascularization 1.8 (1.2-3.4) 0.03 1.22 (0.9-2.34) 0.12

Length of stay (>10 days) 1.9 (1.43-2.7) 0.01 1.3 (0.96-1.41) 0.02

BMI: Body mass index; CI: Confidence interval; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; EF: Ejection 
fraction; OR: Odds ratio. *Variables with a p value<0.05 in univariate analysis were included in the multivariate model. †Each 
parameter was studied separately using multiple regression analysis. BMI: Body mass index; COPD: Chronic obstructive pulmonary 
disease; DM: Diabetes mellitus; EF: Ejection fraction.

Table 3. Univariate and multivariate analysis of the predictors for early readmission in Group 1 
population

Principal Diagnosis Group 1 (%) Group 2 (%)

 Cardiac 33.1 34.3

Myocardial infarction/Ischemia 2.9 3.3

Angina pain/Chest pain 3.8 4.2

Heart failure 8.9 9.4

Dysrhythmia   13.2 17.4

Postcardiotomy syndrome 4.3 -

 Non-Cardiac 66.9 65.7

Incisional infections 16.9 -

Respiratory 14.5 10.2

Renal 2.3 3.4

Vascular access site complication - 12.3

Other 19.8 23.1

Nonspecific 13.4 16.7

   %100 %100

BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus;  

EF: Ejection fraction.

Table 2. Principal causes of readmission for both Group 1 and Group 2



nary angiography. Three of the readmitted patients 
had another PCI, and 4 patients died (2 CABG, 2 
PCI).

The univariate and multivariate logistic regres-
sion analysis for predictors of early readmission in 
both Group 1 and Group 2 are presented in Table 
3 and Table 4, respectively. Variables with p val-

ue<0.05 in univariate analysis were included in the 
multivariate model. 

In multivariate analysis, age, gender, LVEF, 
COPD, DM, length of stay (>10 days), BMI, and 
creatinine level on admission (p<0.05 for each pa-
rameter) were associated with early readmission for 
Group 1 (Table 3). In Group 2, age, gender, LVEF, 
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 Univariate Analysis Multivariate Analysis *

 OR (95% CI) p OR (95% CI) p

Age  1.1 (1.03-1.15) 0.01 1.085 (1.042-1.132) 0.01

Female gender  1.6 (1.3-1.7) 0.01 1.2 (1.08-1.34) 0.04

Smoking 1.6 (0.82-4.94) 0.19 – –

Left ventricular EF 0.91 (0.88-0.94) 0.01 0.95 (0.91-0.99) 0.01

Hypertension 1.64 (0.81-3.32) 0.16 – –

DM  1.64 (1.43-1.72) 0.01 1.34 (1.24-1.46) 0.01

COPD 1.1 (0.9-1.58) 0.02 1.01 (0.6-1.36) 0.12

Creatinine  1.59 (1.32-1.74) 0.01 1.26 (1.13-1.42) 0.01

Hemoglobin 0.7 (0.32-2.92) 0.21 – –

Previous revascularization 1.6 (1.1-4.62) 0.04 1.1 (0.92-2.6) 0.16

Length of stay (>10 days) 1.8 (1.62-2.3) 0.01 1.2 (0.9-1.43) 0.03

CI: Confidence interval COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; EF: Ejection fraction; OR: Odds 
ratio. *Variables with a p value <0.05 in univariate analysis were included in the multivariate model. †Each parameter was 
studied separately using multiple regression analysis. 

Table 4. Univariate and multivariate analysis of the predictors for early readmission in Group 2 
population

Figure 2. Days/number of readmissions.
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DM, length of stay (>10 days), and creatinine level 
on admission (p<0.05 for each parameter) were as-
sociated with early readmission (Table 4). 

DISCUSSION

Although long-term results of revascularization 
methods have been extensively studied, knowledge 
of early readmission rates and causes is still limited 
[1-4]. The main objectives of the present study were 
to document the extent of 30-day readmissions af-
ter CABG surgery and PCI, to identify reasons for 
those readmissions, and to determine independent 
predictors of readmission for patients who under-
went PCI  and CABG surgery.

The study results indicated that 16.5% of all pa-
tients, 18.3% of CABG group, and 15.2% of PCI 
group were readmitted within 30 days. The need 
for cardiac care led to readmission within 30 days of 
6.1% of CABG patients and 5.3% of PCI patients. 
The findings were fairly similar to those of other 
studies. 

Hannan et al. studied 33936 patients who under-
went CABG surgery and found that the most com-
mon reasons for readmission were post-operative 
infection (16.9%), heart failure (12.8%), and “other 
complications of surgical and medical care” (9.8%). 
Increased age, female sex, higher BMI, presence 
of more than 1 comorbidity, use of saphenous vein 
grafts, and longer lengths of stay were all associated 
with higher rates of readmission. The correlation be-
tween risk-adjusted 30-day readmission rate of hos-
pitals and risk-adjusted in-hospital/30-day mortality 
rate was 0.32 (p=0.047). The range in the readmis-
sion rate across hospitals was 8.3% to 21.1% [5,6].

In another study, Hannan et al. retrospec-
tively analyzed 30-day readmissions after PCI us-
ing statewide PCI registry to identify 40093 New 
York State patients who underwent PCI. A total of 
15.6% of all PCI patients were readmitted within 
30 days, and most common reasons for readmission 
were chronic ischemic heart disease (22.5%), chest 
pain (10.8%), and heart failure (8.2%). A total of 
2015 patients (32.2% of readmissions) underwent 
a repeat PCI. Age over 65, female gender, low ejec-
tion fraction (EF), COPD, DM, renal failure, and 
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longer stay in hospital after PCI were found to be 
risk factors [7].

Khawaja et al. reported in a study of 30-day re-
admission rates after PCI (15498) that overall, 9.4% 
of PCI patients (n=1459) were readmitted, and 
0.68% (n= 106) died within 30 days after discharge. 
After multivariate analysis, female sex, education 
level below high school, unstable angina, cerebro-
vascular accident or transient ischemic attack, mod-
erate to severe renal disease, COPD, peptic ulcer 
disease, metastatic cancer, and a length of stay of 
more than 3 days were associated with an increased 
risk of 30-day readmission after PCI. Thirty-day 
readmission after PCI was associated with a higher 
risk of 1-year mortality (adjusted hazard ratio, 1.38; 
95% confidence interval, 1.08-1.75; p=.009) [8].

In the present study, BMI data for the CABG 
group were determined to be a risk factor for read-
mission, usually related to incisional infection. For 
the PCI group, BMI data were not available for all 
patients; therefore, it was not included in the analy-
sis. DM, female gender, increased age, congestive 
heart failure, increased creatinine level on admis-
sion, and longer lengths of stay were defined as risk 
factors for readmission after PCI.

Gender has become an important consideration 
in revascularization. Female patients are known to 
have greater rates of morbidity and mortality [1-
4]. Some studies have shown that women were re-
admitted more than twice as often as men within 
30 days of CABG surgery [4-7,9,10]. The results 
of the present study also indicate that significantly 
more women were readmitted to hospital than men.

DM is a comorbidity that almost all studies de-
fine as a risk factor for any cardiac event [4-8,11]. 
Similarly, we found diabetes to be a risk factor for 
readmission. Diabetic female patients, regardless of 
which procedure was performed, were readmitted 
to the hospital more than any other patient group. 

The secondary outcome of the study was a com-
parison of the two groups of revascularization pa-
tients in terms of readmission. Diabetes, female 
gender, obesity and older age were found to be risk 
factors for readmission for patients of both proce-
dures. In the CABG group, females, diabetics and 



obese patients were readmitted to ER primarily due 
to infections; however, in the PCI group, the rea-
sons were mostly non-cardiac. Multiple comorbidi-
ties, low EF, and emergency revascularization were 
other common risk factors for cardiac readmissions. 
Effects of cardiopulmonary bypass, general anes-
thesia and sternotomy may be primary causes of 
problems that lead to readmission. Similarity of risk 
factors for readmission in PCI and CABG groups is 
evidence that the surgery itself is not the only cause.

Subgroups according to age (30-50 years, 50-
70 years, over 70 years) were analyzed. In the PCI 
group, readmission was more frequent in 30-50 age 
group. Multivariate analysis did not reveal younger 
age as a risk factor for readmission. Identification of 
younger age as a risk factor for the PCI group needs 
further analysis. In our young PCI patient cohort, 
the most frequent reason for readmission was chest 
pain without electrocardiography findings. These 
patients were mostly diabetic. History of smoking 
and dyslipidemia were higher in these patients and 
they were often multivessel atherosclerotic patients. 
We believe these patients had widespread athero-
sclerosis aside from target vessel PCI, and these pa-
tients were more prone to be readmitted to ER for 
cardiac reasons.

The distrıbution of number of patients who 
were readmitted in first 30 days is shown in Figure 
2. Readmission rates were higher in the first 10 days 
than for the remainder of the 30-day period. This 
finding was similar to those in literature [4-8,11].

CONCLUSION

Readmission to hospital in the first 30 days af-
ter discharge is a common problem. Although we 
identified a number of important predictors for 
readmission, many variables associated with read-
mission remain unexplained. Future research will 
be needed to better understand why many patients 
require readmission after revascularization.

When two methods of revascularization were 
compared, rates of readmission were found to be 
similar between groups. Neither method can be 
concluded to be superior with regard to readmis-
sion rates. 
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