
Introduction 

Coronary artery bypass graft (CABG) surgery and percuta-

neous coronary intervention are two different therapeutic 

approaches for treating coronary artery disease (CAD) [1-

4]. Surgery is usually performed in patients with diseases 
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Background: Patients who undergo coronary artery bypass graft (CABG) surgery receive regular physical examinations and medica-
tions on an outpatient basis. However, these patients are at risk of developing other vascular diseases, such as postoperative arterial 
steno-occlusive disease (SOD). This study investigated the incidence of SOD and related factors. 
Methods: In total, 246 patients who underwent CABG surgery from January 1, 2017 to December 31, 2021 were investigated. The in-
cidence and risk factors of vascular disease were analyzed by dividing the included patients into SOD and non-SOD groups. Laborato-
ry tests, medical history, surgical information, and family history were investigated through an electronic chart review. 
Results: Data from 193 patients who met the criteria were analyzed. SOD occurred in 19.1% of patients, and the cerebral artery 
(38%) was the most common artery involved, followed by the peripheral artery (32%), the coronary artery (22%), and the retinal artery 
(8%). Risk factors for the development of SOD included estimated glomerular filtration rate (eGFR; odds ratio [OR]=0.977, p=0.008), 
cholesterol (OR=1.020, p=0.001), and patients with diabetes complications (OR=5.077, p=0.010). The 3-year cumulative incidence 
rate was 21.6%, and the risk factors for cumulative occurrence were a low eGFR, elevated cholesterol, and complications of diabetes. 
Conclusions: Low eGFR, high cholesterol, and the presence of diabetic complications before CABG surgery may be associated with 
postoperative vascular disease. In these cases, close monitoring, proper drug administration, and patient warnings may be required. 
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that involve multiple coronary arteries [5]. CAD is usually 

caused by atherosclerosis, a buildup of plaque inside the 

artery walls, which can either affect a single or more blood 

vessels throughout the body [6]. Although these patients 

might already have small artery stenosis or occlusion at 

the time of surgery, a significant portion of patients could 
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be diagnosed with newly developed arterial disease after 

surgery. 

After surgery, follow-up is mainly performed on an out-

patient basis through medications, blood tests, and physical 

and radiologic examinations. Arterial disease can have a 

significant impact on patients and affect their quality of life 

and can have various clinical manifestations from claudica-

tion to stroke and even myocardial infarction. 

The prevalence of other vascular diseases found in pre-

operative examinations has been reported in a number of 

studies. However, there are few reports on the frequency 

and risk factors of small artery disease in follow-up of pa-

tients after surgery. The purpose of this study was to inves-

tigate the frequency and factors related to postoperative 

arterial steno-occlusive disease (SOD). 

Methods 

Ethical statements: This study was approved by the Institutional 
Review Board of the Daegu Catholic University Hospital (IRB 
No. CR-22-020) with exemption from informed consent. 
Personal data related to patients’ information were used, and 
personally identifiable information was protected. This study was 
a retrospective observational study, and this manuscript did not 
contain personally identifiable information. In addition, all study 
methods were performed in compliance with relevant guidelines 
and regulations.

1. Study population 
This study included patients who received CABG for CAD 

from Daegu Catholic University Medical Center from Janu-

ary 1, 2017 to December 31, 2021. Patients who were already 

suffering from vascular disease at the time of surgery, cases 

with follow-up loss, or death after surgery were exclud-

ed. Data were collected retrospectively, and the patients’ 

medical records were used. We investigated sex, age, and 

medical history as the baseline characteristics. The type of 

surgery, the number of anastomosed arterial vessels, and 

blood test results were also collected. Patients with vascular 

SOD were selected according to their outpatient treatment. 

All included patients were distinguished into two groups, 

namely, SOD and non-SOD groups, and statistical analysis 

was performed. 

2. Disease definition and evaluation 
Vascular SOD was defined as a disease group requiring 

treatment due to symptoms. Cerebrovascular accidents in-

clude retinal artery occlusion, peripheral arterial occlusive 

disease, and disease of native coronary artery or grafted 

vessels. If examination was necessary, computed tomog-

raphy, magnetic resonance imaging, and angiograms were 

performed at the department in charge. 

Patients complaining of decreased visual acuity and de-

creased visual field after surgery were referred to the oph-

thalmologist in this hospital for a fundus examination. At that 

time, patients had their best corrected visual acuity and intra-

ocular pressure assessed by the ophthalmologist, who then 

performed a dilated fundus examination. In cases of suspect-

ed retinal vascular occlusive disease, fluorescein angiography 

was additionally performed to confirm the diagnosis. Patients 

diagnosed with retinal artery occlusion (central and branch) 

or ocular ischemic syndrome were included in the study.  

3. Operative procedure and follow-up 
CABG surgery was performed by median sternotomy after 

general anesthesia. Off-pump CABG was performed only in 

cases where aortic cross clamp was difficult to implement 

due to severe aortic atherosclerosis. On-pump CABG was 

performed to the remaining patients. Since the conduit was 

used as a graft, the left internal mammary artery was used 

as the basis, and great saphenous vein harvesting was per-

formed according to the requirement for additional sites of 

anastomosis. After surgery, all patients received antiplatelet 

therapy. After discharge, follow-up was performed at the 

outpatient clinic every 3–6 months.  

4. Statistical analysis 
Categorical data are expressed as frequencies and percent-

ages, and continuous data are expressed as mean±standard 

deviations with ranges. The chi-square test or Fisher exact 

test was used for categorical data, and the Mann-Whitney 

test was used for continuous data. Logistic regression analy-

sis was performed to determine the risk factor for SOD. Ka-

plan-Meier was used to calculate the cumulative incidence. 

Cox regression analysis was performed to identify the risk 

factors of the cumulative incidence rate. 
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Results 

1. Basic characteristics 
Of the 246 patients initially included, we excluded 53 pa-

tients who did not visit the outpatient department within 

the last 6 months or had already suffered non-coronary ar-

tery SOD at the time of surgery. 

The basic patient characteristics included in this study 

are summarized in Table 1. Of a total of 193 patients, 37 pa-

tients (19.1%) suffered SOD, and the detailed ratio is shown 

in Fig. 1. The mean age of the non-disease and SOD groups 

was 65.7 and 65.2 years, respectively. The proportions of 

males were 76.3% and 75.7%, respectively, whereas smok-

ing and medical disease history rates were similar in both 

groups. 

2. Operative and laboratory data 
Table 2 demonstrates the operative and laboratory data. In 

both groups, conventional CABG was mainly performed, 

and the most common number of anastomoses required 

was three. Although there was no difference in most lab-

oratory findings between the two groups, the estimated 

glomerular filtration rate (eGFR) was slightly higher in the 

non-SOD group, whereas cholesterol was higher in the SOD 

group. However, the differences were not statistically signif-

icant. 

3. Analysis of the related factors for SOD 
Table 3 shows the results of the risk factor analysis for SOD 

occurrence through multivariate logistic regression anal-

ysis. When there was a history of diabetes mellitus (DM) 

complications, the risk was approximately five times higher, 

and the p-value was 0.01. The higher the cholesterol, the 

higher the risk, and the higher the eGFR, the lower the risk. 

Table 1. Basic characteristics of the two groups

Variable Non-SOD group (n=156) SOD group (n=37) p-value
Age (yr) 65.7±8.9 65.2±9.8 0.764
Sex (male:female) 119:37 28:9 1.000
Body mass index (kg/m2) 23.8±2.7 24.0±2.6 0.744
Current smoking 17 (10.9) 8 (21.6) 0.140
Hypertension 67 (42.9) 18 (48.6) 0.657
Diabetes mellitus 33 (21.2) 9 (24.3) 0.843
Hyperlipidemia 26 (16.7) 7 (18.9) 0.933

Values are presented as mean±standard deviation or number (%).
SOD, steno-occlusive disease.

Fig. 1. The distribution of involved sites in cases of steno-occlusive 
disease in our study. Cerebral artery disease and peripheral artery 
disease had the highest rates (38% and 32%, respectively). Coronary 
artery disease involving the graft and native vessels occurred in 22% 
of cases. Retinal artery disease demonstrated the lowest rate (8%).

Patients with a family history of vascular disease had an 

approximately 2.7-fold increased risk, but there was no sta-

tistical significance. 

4. Cumulative incidence of SOD post-CABG 
The cumulative incidence rate is shown in Fig. 2. The over-

all 3-year cumulative incidence rate was 21.6%, but this rate 

increased to 89.2% in the SOD group. Risk factors for the 

cumulative occurrence of SOD included eGFR, elevated 

cholesterol, and history of DM complications.  

Discussion 

Among the causes of SOD, non-atherosclerosis such as 

Peripheral
artery
(32%)

Cerebral
artery
(38%)

Coronary
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vasculitis, Buerger disease, and fibromuscular dysplasia are 

also known [7-9]. However, none of the patients included in 

our study were diagnosed with any of the above diseases. It 

is thought to be mainly caused by atherosclerosis. Athero-

sclerosis is a systemic disease associated with inflammation 

[10,11]. 

The majority of patients treated with CABG suffer from 

multivascular coronary artery stenosis or occlusion. In ad-

dition to the coronary arteries, these patients are likely to 

suffer from similar arterial disease throughout the body. 

The prevalence of arterial disease at the time of CABG sur-

gery has been previously reported in the literature [12,13]. 

In particular, carotid artery stenosis has been detected in a 

significant number of patients during preoperative CABG ex-

aminations, and thus, it is controversial whether to perform 

simultaneous or staged operation [14,15]. 

Nonetheless, the incidence of vascular disease after sur-

gery has not been reported in the literature. In our study, 

we investigated the pattern of disease development in other 

blood vessels throughout the body in patients who had al-

ready developed CAD and had undergone CABG surgery. 

In this study, patients’ data were followed for a period of 

5 years after CABG surgery. Among them, 19.1% of patients 

developed SOD after surgery. Head vessels were the most 

common, followed by peripheral arterial occlusive disease 

and coronary artery. One issue that might influence the 

incidence of these findings is that the examinations started 

Table 3. Multivariate logistic regression analysis for steno-occlusive 
disease

Variable Odds ratio (95% CI) p-value
eGFR 0.977 (0.962–0.992) 0.008
Diabetes mellitus complications 5.077 (1.412–18.252) 0.010
Cholesterol 1.020 (1.008–1.032) 0.001
Vascular disease history 2.776 (0.882–8.736) 0.081

CI, confidence interval; eGFR, estimated glomerular filtration rate.
Model selected by multivariate logistic regression analysis with backward elim-
ination, R2=0.501 and P=0.226 by the Hosmer-Lemeshow test for goodness of 
fit.

Fig. 2. The cumulative incidence of steno-occlusive disease (SOD) 
after coronary artery bypass graft (CABG). This figure shows the 
cumulative incidence of SOD in the study group. The overall 3-year 
cumulative incidence rate was 21.6%.

Table 2. Comparison of clinical characteristics before and during surgery between the two groups

Variable Non-SOD group (n=156) SOD group (n=37) p-value
CABG (conventional:off-pump) 142:14 33:4 0.975
No. of grafted vessels 0.979
  1 12 (7.7) 2 (5.4)
  2 21 (13.5) 6 (16.2)
  3 96 (61.5) 22 (59.5)
  4 19 (12.2) 5 (13.5)
  5 8 (5.1) 2 (5.4)
Hemoglobin (g/dL) 12.4±1.7 12.3±1.8 0.684
Platelet (103/μL) 239.8±64.2 230.4±64.7 0.424
Prothrombin time (sec) 12.3±1.5 12.3±1.4 0.818
Activated prothrombin time (sec) 25.4±2.7 25.7±2.9 0.599
BUN (mg/dL) 16.7±8.4 20.5±13.3 0.104
Creatinine (mg/dL) 0.9±0.3 1.2±1.2 0.157
eGFR (mL/min/1.7 m2) 82.7±27.6 72.8±30.5 0.056
Cholesterol (mg/dL) 168.7±38.1 182.3±46.8 0.064

Values are presented as number (%) or mean±standard deviation.
SOD, steno-occlusive disease; CABG, coronary artery bypass graft; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.
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and a positive diagnosis was reached as soon as the patient 

started to complain of symptoms related to vascular dis-

ease. 

In our study, we found that the risk factors that may influ-

ence the development of new vascular SOD after surgery in 

CABG patients were low eGFR and complications of DM, 

high cholesterol, and a family history of vascular disease. 

To our knowledge, this is the first study providing results 

from patients who have undergone CABG. Therefore, com-

monly known risk factors for SOD of blood vessels are list-

ed. Risk factors for cerebral artery disease are hypertension, 

smoking, DM, and hyperlipidemia [16-19], whereas risk 

factors for peripheral arterial disease include DM, hyperlip-

idemia, arterial hypertension, platelet activity, and smoking 

[20-22]. Our study reveals that the most important concerns 

for CABG patients is the onset of symptoms due to graft 

patency problems or native vessel disease progression after 

surgery. Risk factors for these important events include sex, 

hypertension, hyperlipidemia, DM, and chronic kidney dis-

ease [23-25]. 

The overall 3-year cumulative incidence rate was 21.6%, 

and the risk factors for the cumulative incidence were low 

eGFR, high cholesterol, and DM complications. 

According to this study, a significant number of patients 

who received CABG may suffer from SOD in other arteries. 

In particular, patients with low eGFR, patients with DM 

complications, and patients with poor cholesterol control 

may develop vascular disease. Therefore, it is necessary to 

assess the patients’ kidney function and cholesterol levels 

through periodic blood tests at outpatient clinics. Patients 

with high cholesterol should be prescribed with a lipid-low-

ering agent, whereas patients with poor cholesterol control 

should be referred to a related internal medicine clinic to 

receive appropriate treatment. 

A limitation of this study is that it is a retrospective sin-

gle-center study. Furthermore, there was no detailed patient 

information regarding any concomitant use of medications, 

such as antiplatelet drugs or hyperlipidemia drugs, during 

this study. Therefore, it is unknown how or whether these 

medications have affected the clinical results. 

In conclusion, patients with low eGFR, high cholesterol, 

or diabetic complications, who have previously undergone 

CABG surgery, are particularly at increased risk of devel-

oping other vascular diseases. Therefore, it is necessary for 

these patients to receive the appropriate medication in the 

outpatient department and to have a close referral system 

with the relevant department.  
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