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going isolated CABG using BITA or SITA after adjusting 
for patients’ background information, using weighted 
logistic regression analysis and inverse probability of treat-
ment weighting (IPTW).

Methods
Patients
All patients previously provided informed consent to use 
their medical records for research purposes, and the Ethics 
Committee of Shiga University of Medical Science 
approved the study (Reg. No. 2019-144; approval date: 
July 11, 2019).

Between January 2002 and December 2020, 1,486 
patients underwent isolated CABG and of them, 155 were 
HD-dependent using an arteriovenous fistula (AVF) 
before surgery. We excluded patients undergoing grafting 
without using the ITA (n=5), whose coronary anatomy 
presented only 1 target vessel in the left coronary artery 
system (n=4), and those who were converted to cardiopul-

B ilateral internal thoracic artery (BITA) grafting 
demonstrates a better survival benefit compared 
with single internal thoracic artery (SITA) grafting 

in patients with diabetes mellitus,1 as well as in high-risk 
patients,2 patients with low ejection fraction (EF),3 and 
patients with chronic kidney disease.4 However, the opti-
mal treatment strategy for hemodialysis (HD) patients 
remains unclear.

Graft designs for HD patients undergoing coronary 
artery bypass grafting (CABG) are limited. Radial artery 
grafts are unavailable after vascular access surgery for HD, 
and saphenous vein grafts are often difficult to use because 
of peripheral artery disease. Additionally, HD patients 
often have atherosclerotic disease of the ascending aorta 
due to long-term renal impairment, which makes it difficult 
to anastomose the graft to the ascending aorta. Under such 
limited conduits, BITA grafting, which can reduce the 
frequency of ascending aorta contact, is a useful option. 
However, HD patients have a 3- to 4-fold higher risk of 
death in the long-term compared with other patients 
undergoing CABG,5 and BITA grafting can lead to deep 
sternal wound infection (DSWI). The present study aimed 
to compare postoperative outcomes in HD patients under-
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Background: We compared postoperative outcomes in hemodialysis (HD) patients who underwent isolated coronary artery bypass 
grafting (CABG) for multivessel disease using either bilateral or single skeletonized internal thoracic artery.

Methods and Results: Among 1,486 patients who underwent isolated CABG between 2002 and 2020, 145 HD patients were ret-
rospectively analyzed. After inverse probability of treatment weighting, there were no significant differences in the preoperative 
characteristics. No significant differences in 30-day mortality (P=0.551) or postoperative deep sternal wound infection (P=0.778) were 
observed. However, the bilateral internal thoracic artery grafting group had a lower postoperative stroke rate (0% vs. 4.0%, P=0.019). 
No significant differences in freedom from all-cause death (P=0.760) and cardiac death (P=0.863) were found. In the multivariate 
Cox proportional hazards models, bilateral internal thoracic artery grafting was not associated with all-cause death (P=0.246) or 
cardiac death (P=0.435).

Conclusions: Bilateral internal thoracic artery grafting in HD patients did not improve mid-term outcomes, but it was also not asso-
ciated with worse postoperative outcomes. Use of the bilateral internal thoracic artery may be an important option in patients with 
limited conduits to prevent postoperative complications.
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in both upper arms preoperatively while the patient rested 
in the supine position. When there was a difference 
≥20 mmHg between blood pressure measurements, we did 
not use the ITA on the side with the lower value.

We used the off-pump technique in all patients. Details 
of surgical techniques, including graft harvest and graft 
arrangement, were published previously.2,7 The left ante-
rior descending (LAD) artery was always revascularized 
using in situ grafting of the ITA. When the ITA was 
injured at its proximal portion or when the right ITA was 
too short for grafting to the LAD artery, we constructed a 
composite graft. We routinely performed computed tomo-
graphic scans and epiaortic ultrasonography to assess the 
severity and location of ascending aortic atherosclerosis to 
prevent complications related to manipulating the ascend-
ing aorta. When the surgeon judged that partial clamping 
of the ascending aorta carried a risk of embolism, a proxi-
mal anastomotic device, the Novare Enclose device 
(Novare Surgical Systems, Cupertino, CA, USA), was 
used. BITA grafting was preferred for revascularization of 
the left coronary territory whenever anatomically possible, 
even if the patient had poor blood sugar control before 
surgery or in emergency operations. We did not change the 
revascularization strategy when the LAD artery was revas-
cularized using the ITA ipsilateral to the AVF.

monary bypass during surgery (n=1). Finally, 145 patients 
were included in the study, and we retrospectively analyzed 
their postoperative outcomes.

Endpoints and Definitions
The endpoints were all-cause death and cardiac death. 
Cardiac death included death caused by myocardial infarc-
tion (MI), heart failure, or lethal arrhythmia. Causes of 
death were documented according to information obtained 
from witnesses, family members, death certificates, hospi-
tal records, and autopsy records.

Postoperative stroke was defined as newly developed 
central nervous system paralysis symptoms for ≥72 h 
before discharge. Postoperative MI was defined according 
to the standard definition6 as an elevation of cardiac tro-
ponin >10-fold of the 99th percentile upper reference limit 
in patients with normal baseline values with at least one of 
the following elements: new pathological Q waves, imaging 
evidence of new loss of viable myocardium or new regional 
wall motion abnormality in a pattern consistent with an 
ischemic etiology, angiographic graft occlusion, or native 
coronary artery occlusion. DSWI was defined as any chest 
wound infection involving the sternum or mediastinal tis-
sues during the follow-up period.

Surgical Treatment and Graft Arrangement
We noninvasively measured blood pressure simultaneously 

Table 1. Preoperative Patient Characteristics

Unweighted Weighted

BITA  
(n=86)

SITA  
(n=59)  P value  ASMD BITA  

(SoW=150.91)
SITA  

(SoW=136.26)  P value ASMD

Age (years) 66.6±9.6 65.5±10.7 0.522 0.108 65.4±9.6 65.2±10.8 0.894 0.020

Sex (male) 68 (79.1%) 45 (76.3%) 0.692 0.067 122.31 (81.0%)　　 108.40 (79.6%)　　 0.751 0.035

BMI (kg/m2) 22.9±2.9 23.5±4.3　　 0.329 0.164 23.1±3.0 23.2±4.1　　 0.816 0.028

Hypertension 69 (80.2%) 44 (74.6%) 0.423 0.134 119.89 (79.4%)　　 104.57 (76.7%)　　 0.582 0.065

DM 67 (77.9%) 45 (76.3%) 0.819 0.038 119.53 (79.2%)　　 106.55 (78.2%)　　 0.835 0.024

Dyslipidemia 45 (52.3%) 19 (32.2%) 0.015 0.416 62.99 (41.7%) 52.92 (38.8%) 0.618 0.059

Smoking history 42 (48.8%) 26 (44.1%) 0.575 0.094 72.24 (47.9%) 61.45 (45.1%) 0.640 0.056

Previous CVD 10 (11.6%) 11 (18.6%) 0.259 0.196 22.50 (14.9%) 19.87 (14.6%) 0.938 0.008

Previous PCI 40 (46.5%) 26 (44.1%) 0.773 0.048 69.67 (46.2%) 57.84 (42.4%) 0.528 0.077

PAD 12 (14.0%)   6 (10.2%) 0.501 0.117 18.57 (12.3%) 15.85 (11.6%) 0.861 0.022

LVEF <40% 12 (14.0%) 16 (27.1%) 0.061 0.329 36.33 (24.1%) 31.12 (22.8%) 0.806 0.031

3-vessel disease 51 (59.3%) 34 (57.6%) 0.842 0.035 86.88 (57.6%) 79.16 (58.1%) 0.929 0.010

LMT disease 36 (41.9%) 19 (32.2%) 0.238 0.202 51.08 (33.8%) 44.52 (32.7%) 0.834 0.023

HbA1c (%)   6.4±1.1 6.3±1.1 0.668 0.073   6.4±1.1 6.3±1.1 0.479 0.083

HD duration  4.0 (1.0–8.0)  4.0 (1.0–8.0) 0.419 0.132       4.8 (1.0–8.0)       3.0 (0.7–7.2) 0.966 0.006

Emergency operation 20 (23.3%) 20 (33.9%) 0.171 0.236 46.37 (30.7%) 40.26 (29.5%) 0.828 0.026

Acute MI   9 (10.5%) 10 (16.9%) 0.278 0.187 23.22 (15.4%) 19.24 (14.1%) 0.764 0.037

Side of AVF 0.260 0.196 0.836 0.026

  Left 71 (82.6%) 44 (74.6%) 114.00 (75.5%)　　 104.36 (76.6%)　　
  Right 15 (17.4%) 15 (25.4%) 36.91 (24.5%) 31.90 (23.4%)

Location of AVF – – – –

  Forearm 86 (100%)　 59 (100%)　 150.91 (100%)　　　 136.26 (100%)　　　
  Upper arm 0 (0%)　　　 0 (0%)　　　   0 (0%)   0 (0%)

STS score (%)  2.9 (2.1–4.8)  2.5 (1.3–6.2) 0.947 0.010       3.3 (2.2–5.1)       2.2 (1.3–5.6) 0.194 0.154

EuroSCORE II (%)  2.7 (1.9–4.2)  2.5 (1.4–7.5) 0.473 0.121       3.3 (1.9–5.4)       2.3 (1.4–5.7) 0.045 0.223

ASMD, absolute standardized mean difference; AVF, arteriovenous fistula; BITA, bilateral internal thoracic artery; BMI, body mass index; 
CVD, cerebral vascular disease; DM, diabetes mellitus; EuroSCORE, European System for Cardiac Operative Risk Evaluation; HD, hemodi-
alysis; LVEF, left ventricular ejection fraction; LMT, left main trunk; MI, myocardial infarction; PAD, peripheral arterial disease; PCI, percutane-
ous coronary intervention; SITA, single internal thoracic artery; SoW, sum of weights; STS, Society of Thoracic Surgeons.
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test, P=0.053), with reasonable discrimination (C-statistic, 
0.707). Absolute standardized mean differences were cal-
culated to compare the balance in baseline characteristics 
between the BITA and SITA groups in the unweighted 
cohort and the weighted cohort.8 An absolute standardized 
mean difference >0.100 was considered a meaningful 
imbalance. All statistical analyses were performed using 
SPSS, version 25.0 (IBM Corp., Armonk, NY, USA) and 
SAS, version 9.4 (SAS Institute, Cary, NC, USA).

Results
Right ITAs were too short to graft to the LAD artery in 2 
patients, and left ITAs were injured at the proximal por-
tion in 4 patients; therefore, composite grafts were con-
structed in all patients. There was a difference ≥20 mmHg 
between upper arm blood pressure measurements in 5 
patients; the ITAs on the side with the lower pressure were 
not used.

The mean age of the study population was 66.2±10.1 
years, and the population constituted 113 males (77.9%). 
Before adjustment, a greater number of patients in the 
BITA group compared with the SITA group had dyslipid-
emia (52.3% vs. 32.2%, respectively; P=0.015) (Table 1), 
but after adjustment using IPTW, the 2 groups were well 
balanced (Table 1).

Early Outcomes
Operative and postoperative data are shown in Table 2. 
The BITA group had longer operation times compared 
with the SITA group (251.26±64.92 vs. 220.48±53.92 min, 
respectively; P<0.001). No significant difference in the 
number of distal anastomoses was found between groups 
(P=0.259), but the BITA group had a greater number of 
grafts compared with the SITA group (2.64±0.52 vs. 

Statistical Analysis
Continuous variables are presented as mean ± standard 
deviation or median and interquartile range, while categor-
ical variables are presented as percentages. Comparisons 
of clinical characteristics between groups were performed 
using the unpaired t-test for normally distributed variables, 
the Mann-Whitney U test for skewed variables, and Pearson’s 
χ2 test for categorical variables. The estimated survival 
rates were calculated using the Kaplan-Meier method, and 
the log-rank test was used for comparisons. Univariate and 
multivariate logistic regression analyses were performed to 
identify independent predictors of 30-day death and post-
operative DSWI. Univariate and multivariate Cox propor-
tional hazards regression analyses were performed to 
analyze the overall number of deaths and the number of 
cardiac deaths. Variables reaching a P value <0.050 in the 
univariate analysis or those that were considered clinically 
important were entered into the multivariate model. All 
statistical testing was two-sided, and results were consid-
ered statistically significant when P<0.050.

We adjusted patients’ baseline characteristics using 
weighted logistic regression and IPTW to reduce the effect 
of selection bias and potential confounding factors. 
Weights for patients receiving BITA grafting were the 
inverse of propensity scores, and weights for patients 
receiving SITA grafting were the inverse of 1 – the propen-
sity score. We used the following 18 adjustment variables 
to derive the propensity score: age, sex, body mass index 
(BMI), hypertension, diabetes mellitus, dyslipidemia, 
smoking history, previous cerebrovascular accident, his-
tory of percutaneous coronary intervention (PCI), periph-
eral artery disease, left ventricular (LV) EF <40%, 3-vessel 
disease, left main trunk disease, hemoglobin A1c, HD 
duration, emergency operation, acute MI, and side of 
AVF. The model was well calibrated (Hosmer-Lemeshow 

Table 2. Operative and Postoperative Data

Unweighted Weighted

BITA  
(n=86)

SITA  
(n=59) P value ASMD BITA  

(SoW=150.91)
SITA  

(SoW=136.26) P value ASMD

Operative data

  Operation time (min) 253.42±65.06　　 220.22±54.09　　 0.001 0.555 251.26±64.92　　 220.48±53.92　　 <0.001　 0.516

  Proximal anastomosis to aorta 26 (30.2%) 49 (83.1%) <0.001　 1.262 47.11 (31.2%) 114.80 (84.3%)　　 <0.001　 1.275

    Partial clamp 18 (20.9%) 39 (66.1%) <0.001　 1.024 35.90 (23.8%) 89.44 (65.6%) <0.001　 0.927

    Anastomotic device 8 (9.3%) 10 (16.9%) 0.194 0.227 11.21 (7.4%)　　 25.36 (18.6%) 0.005 0.338

  No. of distal anastomoses 3.35±0.94 3.15±0.93 0.215 0.214 3.31±0.93 3.18±0.94 0.259 0.139

  No. of grafts 2.67±0.52 2.17±0.38 <0.001　 1.098 2.64±0.52 2.19±0.39 <0.001　 0.979

  Sequential grafting 48 (55.8%) 42 (71.2%) 0.058 0.324 83.43 (55.3%) 98.66 (72.4%) 0.002 0.362

  GEA use 31 (36.0%) 16 (27.1%) 0.256 0.192 52.98 (35.1%) 38.16 (28.0%) 0.197 0.153

  SVG use 26 (30.2%) 49 (83.1%) <0.001　 1.262 41.56 (27.5%) 114.80 (84.3%)　　 <0.001　 1.395

  Ipsilateral ITA graft to LAD 22 (25.6%) 38 (64.4%) <0.001　 0.847 40.86 (27.1%) 91.17 (66.9%) <0.001　 0.870

Postoperative data

  MI 0 (0%)　　　 1 (1.7%) 0.321 0.186   0 (0%) 1.63 (1.2%) 0.203 0.156

  DSWI 4 (4.7%) 3 (5.1%) 0.906 0.019 6.83 (4.5%) 5.25 (3.9%) 0.778 0.030

  Stroke 0 (0%)　　　 3 (5.1%) 0.083 0.328   0 (0%) 5.43 (4.0%) 0.019 0.289

  Continuous hemodiafiltration 21 (24.4%) 17 (28.8%) 0.558 0.100 43.21 (28.6%) 35.21 (25.8%) 0.597 0.063

  ICU stay >48 h 18 (20.9%) 18 (30.5%) 0.203 0.221 36.66 (24.3%) 34.15 (25.1%) 0.880 0.019

  Ventilation >48 h 5 (5.8%) 12 (20.3%) 0.015 0.441 15.41 (10.2%) 22.07 (16.2%) 0.138 0.178

  30-day mortality 4 (4.7%) 4 (6.8%) 0.584 0.090 6.97 (4.6%) 8.47 (6.2%) 0.551 0.071

DSWI, deep sternal wound infection; GEA, gastroepiploic artery; ICU, intensive care unit; ITA, internal thoracic artery; LAD, left anterior 
descending artery; SVG, saphenous vein graft. Other abbreviations as in Table 1.
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Multivariate logistic regression analysis showed that the 
independent predictors of 30-day mortality were a history 
of PCI (odds ratio [OR]: 7.553, 95% confidence interval 
[CI]: 1.760–32.413; P=0.007), left main trunk disease (OR: 
5.679, 95% CI: 1.227–26.283; P=0.026), and emergency 
operation (OR: 7.376, 95% CI: 1.710–31.826; P=0.007) 
(Table 3). The independent predictors of DSWI were BMI 
(OR: 1.201, 95% CI: 1.028–1.402; P=0.021) and a history 
of PCI (OR: 8.751, 95% CI: 1.551–49.379; P=0.014). 
Univariate logistic regression analysis revealed that LVEF 
<40% (OR: 10.414, 95% CI: 1.458–74.383; P=0.020) was 
the only predictor of postoperative stroke; therefore, we 
did not perform a multivariate logistic regression analysis 
for postoperative stroke. BITA grafting was not a predic-
tor of 30-day mortality (P=0.742) or DSWI (P=0.561).

Mid-Term Outcomes
Follow-up was completed in 96.6% of patients (140/145), 
and the mean follow-up duration was 3.3±3.1 years (maxi-
mum: 15.1 years). All causes of death are shown in Table 4. 
The adjusted 5-year estimated rates of freedom from all-
cause and cardiac death, respectively, in the BITA group 

2.19±0.39; P<0.001), as well as lower rates of proximal 
anastomosis to the ascending aorta (31.2% vs. 84.3%, 
respectively; P<0.001), sequential grafting (55.3% vs. 
72.4%, respectively; P=0.002), saphenous vein graft use 
(27.5% vs. 84.3%, respectively; P<0.001), and in situ ITA 
grafts ipsilateral to the AVF to revascularize the LAD 
artery (27.1% vs. 66.9%, respectively; P<0.001). A greater 
number of patients in the SITA group compared with the 
BITA group developed postoperative stroke (4.0% vs. 0%, 
respectively; P=0.019), which occurred just after operation 
in all affected patients. No significant differences in 30-day 
mortality (P=0.551) and DSWI (P=0.778) were found 
between groups, and no patients in either group developed 
symptoms associated with coronary steal, such as chest 
pain or lethal arrhythmia, during HD.

There were 4 deaths (4.9%) in the BITA group and 4 
(8.2%) in the SITA group within 30 days after surgery 
(Table 2). The causes of death in the BITA group were 
lethal arrhythmia in 1 patient, sepsis in 2 patients, and 
pneumonia in 1 patient. The causes of death in the SITA 
group were acute MI in 3 patients and nonocclusive mes-
enteric ischemia in 1 patient.

Table 3. Weighted Multivariate Logistic Regression Analyses for the Predictors of 30-Day Mortality and 
Postoperative DSWI

Predictor OR 95% CI P value

30-day mortality

  Age (year) 1.031 0.953–1.115 0.449

  BMI (kg/m2) 0.779 0.606–1.002 0.052

  Previous PCI 7.553   1.760–32.413 0.007

  LMT disease 5.679   1.227–26.283 0.026

  HD duration 0.852 0.676–1.075 0.176

  Emergency operation 7.376   1.710–31.826 0.007

  Acute MI 1.038 0.225–4.791 0.962

  BITA use 1.268 0.309–5.205 0.742

DSWI

  BMI (kg/m2) 1.201 1.028–1.402 0.021

  Previous PCI 8.751   1.551–49.379 0.014

  BITA use 1.449 0.415–5.054 0.561

CI, confidence interval; OR, odds ratio. Other abbreviations as in Tables 1,2.

Table 4. Causes of Overall Death

Unweighted Weighted

BITA  
(n=86)

SITA  
(n=59)  P value  ASMD BITA  

(SoW=150.91)
SITA  

(SoW=136.26)  P value  ASMD

All-cause death 49 (57.0%) 22 (37.3%) 0.020 0.403 79.94 (53.0%) 48.71 (35.7%) 0.003 0.354

Cardiac death 12 (14.0%)   7 (11.9%) 0.716 0.063 20.27 (13.4%) 16.51 (12.1%) 0.740 0.039

  MI 4 (4.7%) 5 (8.5%) 0.352 0.154 6.11 (4.0%) 11.93 (8.8%)　　 0.108 0.197

  Heart failure 7 (8.1%) 1 (1.7%) 0.061 0.300 12.59 (8.3%)　　 2.45 (1.8%) 0.010 0.300

  Lethal arrhythmia 1 (1.2%) 1 (1.7%) 0.789 0.042 1.57 (1.0%) 2.13 (1.6%) 0.696 0.053

Noncardiac death 37 (43.0%) 15 (25.4%) 0.026 0.378 59.67 (39.5%)   32.2 (23.6%) 0.004 0.347

  Pneumonia 3 (3.5%) 2 (3.4%) 0.975 0.005 4.85 (3.2%) 6.30 (4.6%) 0.539 0.072

  Stroke 3 (3.5%) 0 (0%)　　　 0.083 0.269 4.03 (2.7%)   0 (0%) 0.044 0.236

  Sepsis 15 (17.4%)   6 (10.2%) 0.206 0.210 24.02 (15.9%) 12.13 (8.9%)　　 0.070 0.214

  Cancer 1 (1.2%) 0 (0%)　　　 0.409 0.156 1.32 (0.9%)   0 (0%) 0.252 0.135

  Others 15 (17.4%)   7 (11.9%) 0.361 0.156 25.45 (16.9%) 13.77 (10.1%) 0.093 0.200

Abbreviations as in Table 1.
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Discussion
One of the major findings of the present study was that 
there was no significant difference in survival during a 
mean follow-up duration of 3.3 years between the BITA 
and SITA groups. Additionally, BITA grafting was not an 
independent predictor of overall mortality in the multi-
variate Cox proportional hazards analysis (HR: 1.262, 
95% CI: 0.852–1.869; P=0.246; Table 5). Previous studies 
reported that the survival benefit of BITA grafting is only 
observed after long-term follow-up.9–12 The 2014 United 
States Renal Data System reported that only 39.8% of 
patients survived 5 years after HD initiation.13 In the pres-
ent study, adjusted 5-year estimated overall survival rates 
in the BITA and SITA groups were 51.7% and 60.6%, 

compared with the SITA group were 51.7% vs. 60.6% 
(Figure 1) and 86.5% vs. 86.9% (Figure 2); survival curves 
were not significantly different (P=0.760 and P=0.863, 
respectively).

Multivariate Cox proportional hazards regression anal-
ysis showed that independent predictors of mid-term death 
from all causes were age (hazard ratio [HR]: 1.034, 95% 
CI: 1.014–1.055; P=0.001), a history of PCI (HR: 1.831, 
95% CI: 1.288–2.604; P=0.001), and gastroepiploic artery 
(GEA) grafting (HR: 0.509, 95% CI: 0.328–0.790; P=0.003) 
(Table 5). The only independent predictor of cardiac death 
was diabetes mellitus (HR: 4.954, 95% CI: 1.281–19.163; 
P=0.020). BITA grafting was not a predictor of overall 
death (P=0.246) or cardiac death (P=0.435).

Figure 1.  Freedom from overall death. BITA, Bilateral internal 
thoracic artery; SITA, single internal thoracic artery.

Figure 2.  Freedom from cardiac death. BITA, Bilateral inter-
nal thoracic artery; SITA, single internal thoracic artery.

Table 5. Weighted Multivariate Cox Hazard Proportional Models for the Predictors of All-Cause Death and 
Cardiac Death

Predictor HR 95% CI P value

All-cause death

  Age (years) 1.034 1.014–1.055 0.001

  Previous PCI 1.831 1.288–2.604 0.001

  GEA use 0.509 0.328–0.790 0.003

  Ipsilateral ITA graft to LAD 0.971 0.652–1.445 0.883

  BITA use 1.262 0.852–1.869 0.246

Cardiac death

  Age (years) 0.993 0.950–1.037 0.750

  BMI (kg/m2) 0.880 0.764–1.013 0.074

  Hypertension 0.601 0.285–1.267 0.181

  DM 4.954   1.281–19.163 0.020

  Previous PCI 2.045 0.991–4.220 0.053

  SVG use 1.869 0.656–5.326 0.242

  GEA use 0.608 0.205–1.803 0.370

  Ipsilateral ITA graft to LAD 1.985 0.905–4.355 0.087

  BITA use 1.395 0.605–3.218 0.435

HR, hazard ratio. Other abbreviations as in Tables 1–3.
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postoperative DSWI (OR: 8.751, 95% CI: 1.551–49.379; 
P=0.014) (Table 3). PCI before CABG suggests that the 
patient has had coronary artery disease for a long period 
of time, which may have negative effects on multiple 
organs, including the sternum. GEA grafting to the right 
coronary area is associated with more survival benefit 
compared with saphenous vein grafting.21,22 Additionally, 
we previously reported good early patency with GEA 
grafting in HD patients.23 Our results suggest that GEA 
grafting is associated with mid-term survival benefit, even 
in HD patients. Moreover, diabetes mellitus was the only 
predictor of cardiac death (Table 5). Patients with diabetes 
mellitus have a 3-fold higher risk of fatal coronary artery 
disease compared with patients without diabetes mellitus,24 
which may have affected our patients’ mid-term outcomes.

The multivariate logistic regression analysis revealed 
that left main trunk disease (OR: 5.679, 95% CI: 1.227–
26.283; P=0.026) and emergency operation (OR: 7.376, 
95% CI: 1.710–31.826; P=0.007) were predictors of 30-day 
death (Table 3). Left main coronary artery stenosis has 
historically been recognized as a risk factor for early death 
among patients undergoing CABG.25,26 Additionally, 
emergency CABG has been reported as one of the most 
important predictors of in-hospital death.26 For HD 
patients who have a higher risk of cardiovascular surgery 
compared with the general population, emergency surgery, 
in which the whole body cannot be examined before sur-
gery, may increase the risk.

In the present study, BMI was a predictor of DSWI in 
addition to a history of PCI (OR: 1.201, 95% CI: 1.028–
1.402; P=0.021) (Table 3). Previous studies reported that 
BMI is a predictor of DSWI after CABG.27,28 Our results 
suggest that BMI should also be considered as a risk factor 
for postoperative DSWI after CABG in HD patients.

Study Limitations
This study had several limitations to note. First, the study 
had a retrospective design with intrinsic selection bias. 
Despite statistical adjustments with IPTW, unmeasured 
confounders might have affected the results. Second, all 
participants who underwent revascularization using the 
off-pump technique at a single center were Japanese 
patients, which limits the generalizability of the findings. 
Finally, lack of available coronary angiographic data 
meant that we could not evaluate whether the survival 
benefit of ITA grafting is related to graft patency.

Conclusions
In this study, BITA grafting did not improve mid-term 
outcomes in HD patients undergoing isolated off-pump 
CABG, but it was also not associated with worse postop-
erative outcomes. To prevent postoperative complications, 
use of BITA may be an important option in HD patients 
with limited conduits.
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respectively (Figure 1). The life expectancy of HD patients 
undergoing CABG may be too short to affect late out-
comes. Preoperative age was an independent predictor of 
overall death with the multivariate Cox proportional haz-
ards analysis (HR: 1.034, 95% CI: 1.014–1.055; P=0.001), 
which may support this hypothesis. In other words, use of 
BITA, which is a challenging treatment for HD patients 
who are often immunocompromised,14,15 did not affect 
mid-term outcomes after CABG.

Previous studies report that BITA grafting during car-
diac surgery increases the risk of postoperative DSWI.16,17 
In the current study, BITA grafting was not a predictor of 
postoperative DSWI (P=0.561). Using the skeletonization 
technique when harvesting BITA grafts reduces wound 
infection rates compared with pedicled harvesting.18,19 In 
our study, all patients underwent CABG using the skele-
tonization technique, and our results suggest that skeleton-
ization should be used to reduce sternal infection after 
CABG in both the general population and in HD patients.

No patients developed postoperative stroke in the BITA 
group (Table 2). Although there was no significant differ-
ence in the number of distal anastomoses (BITA: 3.31±0.93 
vs. SITA: 3.18±0.94; P=0.259), the BITA group had fewer 
proximal anastomoses to the ascending aorta (BITA: 
31.2% vs. SITA: 84.3%; P<0.001). HD patients often have 
severe calcification or atherosclerotic changes in the 
ascending aorta. In such patients, some methods, such as 
partial clamping and use of anastomotic devices for the 
ascending aorta, can lead to embolic events. In the current 
study, all 3 patients who developed postoperative stroke in 
the SITA group had had intraoperative partial clamping 
of the ascending aorta. However, partial clamping was not 
an independent predictor of postoperative stroke (P=0.933) 
in the univariate logistic regression analysis because of the 
small number of patients. In HD patients with a limited life 
expectancy, use of BITA grafts may be an important 
option to reduce the risk of postoperative early complica-
tions such as embolism and stroke.

There are concerns regarding coronary steal when using 
in situ ITA grafts ipsilateral to the AVF. However, no 
patients in either group demonstrated coronary steal post-
operatively. Additionally, ipsilateral ITA grafting to revas-
cularize the LAD artery was not a predictor of overall 
death (P=0.246) or cardiac death (P=0.435). We previously 
reported that coronary steal could be prevented by mea-
suring blood pressure in both upper arms before surgery 
and not using the ITA on the side with the lower value 
when there is a difference ≥20 mmHg between blood pres-
sure measurements. We also showed that ipsilateral ITA to 
revascularize the LAD artery did not affect mid-term over-
all death and cardiac death.20 In the present study, we 
performed CABG after the same measurements of both 
arms, which affected the results. Predicting whether coro-
nary steal will occur when the ipsilateral ITA is used to 
revascularize the LAD artery is very important when 
designing grafts for HD patients, who often have severe 
calcification or atherosclerotic changes in the ascending 
aorta. Thus, it may be useful to measure blood pressure in 
both arms preoperatively.

Our multivariate Cox proportional hazards analysis 
revealed that a history of PCI (HR: 1.831, 95% CI: 1.288–
2.604; P=0.001) and GEA grafting (HR: 0.509, 95% CI: 
0.328–0.790; P=0.003) were predictors of mid-term overall 
death (Table 5). A history of PCI was a predictor of 30-day 
death (OR: 7.553, 95% CI: 1.760–32.413; P=0.007) and 
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