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Objectives: To assess whether total arterial revascularization (TAR) offers survival and freedom from major adverse cardiac or cerebrovascular events (MACCE) benefit in elderly patients with multivessel coronary artery disease undergoing off-pump coronary artery bypass grafting (OPCAB), as compared to using a single internal thoracic artery (ITA) with additional saphenous vein graft (SVG).



Methods: We retrospectively analyzed 598 patients aged >70 years who underwent coronary revascularization from August 2017–July 2023. After excluding high-risk patients and those with SVG plus more than two arterial grafts, 428 patients remained (101, TAR group; 327, single ITA + SVG group). A propensity score was used to create the TAR and single ITA + SVG groups with 1:1 ratio (100 patients in each group). Moreover, matching was performed based on eight covariates with preoperative clinical characteristics.



Results: The unmatched cohort had 70 (69.3%) and 178 (54.4%) men in the TAR and ITA + SVG groups, respectively (mean age, 74.1 ± 3.5 and 75.2 ± 4.2 years, respectively). After matching, both groups had similar demographics. The survival (p = 0.410) and MACCE-free rates (p = 0.494) over 5 years were not significantly different between the two groups. Univariable analysis showed that TAR [hazard ratio (HR) = 0.74, 95% confidence interval (CI) = 0.44–1.22, p = 0.233] and complete revascularization (HR = 0.61, 95%CI = 0.34–1.09, p = 0.094) were not significant risk factors for long-term mortality.



Conclusion: Elderly patients who underwent OPCAB with total arterial grafting did not show survival or free-MACCE benefits for over 5 years.
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1 Introduction

To improve the long-term cardiac outcomes in isolated coronary artery bypass grafting (CABG), the use of arterial grafts, such as the radial artery (RA) or bilateral internal mammary artery (IMA), for the second most important non-left anterior descending (LAD) vessel has been recommended over the use of saphenous vein grafts (SVGs) (1). Recently, there has been debate about whether the extensive use of multiple arterial conduits (more than 2) offers additional mortality benefits as compared to CABG utilizing only two arterial grafts (2–6). Although observational studies and two meta-analyses have supported the use of three or more arterial grafts, including total arterial revascularization (TAR) (7, 8), the extent of this benefit across different age groups remains unclear. As a center in Southeast Asian countries that regularly performs TAR as off-pump coronary artery bypass grafting (OPCAB), our institution would like to explore its outcomes. Therefore, the present study aimed to assess whether TAR offers survival and freedom from major adverse cardiac or cerebrovascular event (MACCE) benefits in elderly patients with multivessel coronary artery disease who underwent TAR (OPCAB), as compared to grafting of the standard left internal mammary artery (LIMA) to the LAD with additional grafting to the other vessels using SVG in elderly patients.



2 Patients and methods

This single-center retrospective study enrolled all elderly patients who underwent isolated OPCAB due to a multivessel coronary artery disease in our institution from August 2017–July 2023. The study was conducted according to the guidelines stipulated in the Declaration of Helsinki and STROBE criteria of retrospective studies. The requirement for obtaining informed consent from the patients was waived owing to the retrospective nature of the study.

Patients were excluded from the study if they had undergone only SVG or SVG with more than two arterial grafts or had poor preoperative conditions (emergent and salvage cases or those with Society of Thoracic Surgeons score of >20).

The patients were divided into two unmatched groups (unmatched TAR and unmatched LIMA with SVG groups). Then, the TAR group was propensity score-matched (PSM) with the LIMA + SVG at a 1:1 ratio (TAR, n = 100; LIMA + SVG, n = 100), and matching was performed based on eight covariates with preoperative clinical characteristics (Figure 1). The choice between TAR and LIMA with SVG was made at the discretion of the attending surgeon. While there were no strict predefined criteria, TAR was generally selected for patients with relatively favorable preoperative conditions and suitable conduit anatomy. Follow-up data of all participants were collected in the planned outpatient clinic. The follow-up rate was 100%, and the mean follow-up duration was 1,491.6 ± 921.4 days.


[image: Figure 1]
FIGURE 1
The protocol for this study.



2.1 Surgical procedures

OPCAB was performed regularly by four surgeons at our unit. An intra-aortic balloon pump was potentially used preoperatively in patients with critical left main and poor left ventricular ejection fraction. IMA and right gastroepiploic artery (RGEA) were harvested in a skeletonized fashion using an ultrasonic scalpel (Harmonic Scalpel, Ethicon Endosurgery, Cincinnati, OH), RA was harvested using electrocautery in a semi-skeletonized fashion, and SVG was also harvested using electrocautery non-touch technique. Heparin at a dose of 1 mg/kg was given before the division of the conduits and continued to maintain an activated coagulation time of >280 s through the entire operation. For the OPCAB procedure, a stabilizer (Octopus® tissue stabilizer, Medtronic, Minneapolis, MN, USA) was used to control the coronary targets. Three deep pericardial sutures were placed in the posterior pericardium at the left inferior pulmonary vein, medial to the inferior vena cava, and in between, exposing the lateral and inferior walls of the heart. To achieve a bloodless field, an intracoronary shunt and carbon dioxide blower were used. Transit-time flow measurement was used routinely after completing the anastomosis to validate graft patency.



2.2 Surgical technique for TAR

The most common configuration for TAR was in situ right internal mammary artery (RIMA) to the LAD, in situ LIMA to the obtuse marginal artery, and in situ RGEA to the posterior descending artery. The second approach was in situ LIMA to the LAD and Y-composite using free RA anastomosed to the LIMA for the rest of the target arteries. The last approach was in situ RIMAI composited using RA to the lateral and inferior areas.



2.3 Surgical technique for LIMA and SVGs

The first choice of SVG inflow was the ascending aorta. To ensure that the aorta is suitable for use, we consistently assessed its quality through a combination of preoperative and intraoperative evaluations, including chest x-rays showing the pulmonary artery in the upright and lateral views, preoperative noncontrast computed tomography, and intraoperative epi-aortic ultrasound scanning. The second choice was the IMA to achieve a no-touch technique. The choice of proximal anastomosis strategy depended on the surgeon's preference which potentially include either (1) partial clamping of the ascending aorta or (2) use of proximal anastomosis assist devices, including Enclose II (Vitalitec International Inc., Plymouth, MA, USA) and HEARTSTRING III (MAQUET Holding B.V. & Co. KG, Rastatt, Germany).



2.4 Statistical analysis

Group assignments were not random as the operative approach was a matter of subjective choice. Therefore, we calculated the standardized mean differences before and after PSM to assess the balance of variables between the groups. The propensity score (PS) was obtained from a logistic regression model, including eight covariables (age, male sex, presence of diabetes mellitus, two-vessel disease, or three-vessel disease, on dialysis, elective case, and urgent case). Patients were matched in a 1:1 manner using the nearest neighbor matching method without replacement and a caliper width of 0.2 of the standard deviation of the logit of the estimated PS. Parametric quantitative data were expressed as mean + standard deviation, whereas non-parametric data were expressed as median and range. For the comparison of continuous variables exhibiting a normal distribution between two groups, the independent student t-test was used, and for continuous variables exhibiting a non-normal distribution, the Mann–Whitney U-test was used. Categorical variables were expressed as frequency and percentages and were compared using chi-squared or Fisher's exact test. Statistical significance was set at p < 0.05. A univariable or multivariable Cox regression analysis was used to identify the independent risk factors of long-term death, and was presented as hazard ratios (HRs) with 95% confidence intervals. Any variable showing a P value of <0.1 in the univariable analysis was included in the multivariable analysis. Multicollinearity tests of independent factors were performed before conducting the multivariable analysis. Kaplan–Meier analysis was conducted to study the survival rate and freedom from MACCE. STATA software/MP, version 17.0 (Stata Corporation, College Station, Texas, USA), was used for all statistical analyses.




3 Results

In total, 598 elderly patients with multivessel coronary artery disease aged 70 years who underwent surgical coronary revascularization from August 2017–July 2023 were screened for study eligibility. Among these patients, 162 patients who had either SVG only or SVG with more than two arterial grafts, and eight patients with poor preoperative conditions (emergent or salvage cases and those with Society of Thoracic Surgeons score of >20) were excluded. Finally, the unmatched TAR and LIMA + SVG groups comprised 101 and 327 patients, respectively.

Table 1 summarizes the preoperative characteristics of the studied patients. Before PSM, the preoperative status of the LIMA + SVG group was worse than that of the TAR group. The Society of Thoracic Surgeons (p = 0.029) and European System for Cardiac Operative Risk Evaluation (p = 0.023) scores were significantly higher in the LIMA + SVG group. After matching, all variables had a standardized mean difference of <10%.


TABLE 1 Patient's characteristics and preoperative data.
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The operative data of the paired group are shown in Table 2. After matching, no significant differences in the operative time and complete revascularization rate were observed between the two groups, but the total graft number (2.7 ± 0.8 in the TAR group vs. 3.0 ± 0.8 in the LIMA + SVG group; p = 0.004) and mean number of distal anastomoses (3.0 ± 0.9 in the TAR group vs. 3.5 ± 1.0 in the LIMA + SVG group; p = 0.006) were higher in the LIMA + SVG group. The aorta no-touch technique was more frequently implemented in the TAR group than in the LIMA + SVG group (93.0% in the TAR group vs. 5.0% in the LIMA + SVG group, p < 0.001). The details of the total arterial graft is summarized in Table 3.


TABLE 2 Operative data.
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TABLE 3 The detail of total arterial graft design.
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More than half of the patients received more than three arterial grafts (56.7% in the entire cohort and 57.0% in the matched cohort), whereas the remaining patients received two arterial grafts (43.5% and 43.0%). In the TAR group, the LIMA was used in almost all cases (99.0% in the unmatched cohort and 100% in the matched cohort), followed by the RIMA (75.2% and 75.0%, respectively), RGEA (41.6% and 42.0%, respectively), and RA (38.6% and 38.0%, respectively). In addition, all patients in the TAR group had the LAD territory covered, and approximately 70% of patients had the RCA territory covered (67.3% and 68.0%, respectively). The most common configuration for TAR was the combination of LIMA, RIMA, and RGEA, which were used in approximately 28% of the unmatched and matched cohorts.

The short-term outcomes of the paired groups are shown in Table 4. After PSM, there were no significant differences in the duration of intensive care unit or hospital stay, major complications, or 30-day mortality between the two groups. The TAR group had a lower transfusion rate than the LIMA + SVG group (66.0% vs. 82%, p = 0.010).


TABLE 4 Postoperative short-outcomes.
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After PSM, the median follow-up time was 1,354 [785–2,121] days. The Kaplan–Meier curves of the postoperative free-from MACCE and survival rates are shown in Figure 2. There were no significant differences in both items between the two groups (free-from MACCE rate; p = 0.49, survival rate; p = 0.41). During the follow-up period, 20 patients died, with the highest occurrence (five cases) observed in those who underwent grafting using the LIMA, RIMA, and GEA.
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FIGURE 2
(a) MACCE free (p = 0.49) and (b) survival rate after operations (p = 0.41).


Table 5 presents the results of the univariable and multivariable regression analyses performed to identify the risk factors for long-term survival. In the univariable analysis, significant associations were detected with diabetes, chronic obstructive pulmonary disease (COPD), high creatinine level (≥1.5 mg/dl), dialysis, peripheral arterial disease (PAD), and preoperative status of either urgent or elective. TAR (HR = 0.74, 95% CI = 0.44–1.22, p = 0.23) and complete revascularization (HR = 0.61, 95% CI = 0.34–1.09, p = 0.09) showed no significant impact on long-term survival. Multivariate analysis identified diabetes (HR = 1.73, 95% CI = 1.17–2.56, p = 0.006), COPD (HR = 1.76, 95% CI = 1.11–2.76, p = 0.015), and PAD (HR = 2.32, 95% CI = 1.50–3.60, p < 0.001) as significant predictors of long-term survival.


TABLE 5 Univariable and multivariable analyses for factors associated with long-term death.
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4 Discussion

Our study included 328 elderly patients, including an unmatched TAR group with 101 patients and unmatched LIMA + SVG group with 327 patients. The PSM groups included 100 patients each. Although off-pump total arterial bypass grafting were performed effectively and safely in the elderly patients with coronary artery disease in our study, it demonstrated no significant effect on the long-term outcomes, as compared with the simple LIMA + SVG procedure.


4.1 Active implementation of TAR

Generally, due to the technical difficulties associated with the procedure, the number of grafts and distal anastomoses in TAR is fewer, and the operative time is longer, as compared to conventional OPCAB (9). In our matched cohort, the TAR group had a significantly lower number of distal anastomoses (3.0 ± 0.9 vs. 3.5 ± 1.0, p = 0.006) and grafts (2.7 ± 0.8 vs. 3.0 ± 0.8, p = 0.004) compared to the LIMA + SVG group. However, complete revascularization was achieved at similar rates (80% vs. 83%, p = 0.59). Notably, the operative time did not significantly differ between the two groups (237.2 ± 59.4 vs. 229.8 ± 58.3 min, p = 0.38). At our institution, OPCAB is routinely performed, and TAR is selectively employed in patients with favorable conduit anatomy and stable preoperative conditions. Although there were no strict criteria for selecting TAR vs. LIMA + SVG, the decision was made based on intraoperative findings and surgeon judgment. These findings suggest that, when performed by experienced surgeons in high-volume centers, TAR can be safely and effectively applied even in elderly patients without prolonging operative time or compromising revascularization quality.



4.2 Impact of TAR on long-term outcomes

The long-term benefits of TAR in CABG have been well-documented in younger patients, and there is strong evidence indicating its association with improved survival and a reduced incidence of MACCE over time (7, 8). However, the evidence in elderly patients remains inconsistent. For example, Zaza et al. analyzed a large registry including both ONCAB and OPCAB patients and found no significant benefit of TAR in those over 70 years or those undergoing OPCAB (10). In contrast, Bisleri et al. demonstrated improved outcomes with OPCAB-TAR in elderly patients during long-term follow-up (11). In our study, TAR in elderly patients undergoing OPCAB did not significantly differ from LIMA + SVG in terms of 5-year survival or free-from MACCE rates. However, since the benefits of TAR often emerge beyond 7–10 years postoperatively (12, 13), the median follow-up duration of approximately 5 years in our study may have been insufficient to capture its long-term advantages. One possible explanation for this finding is the shorter average life expectancy in Thailand than in North America and Europe (14). This demographic difference may have limited the ability to observe the long-term survival benefits of TAR in our cohort. Extended follow-up will be essential to fully assess the impact of TAR in this population.



4.3 Study limitations

The present study had several limitations. First, the present investigation is a retrospective, non-randomized analysis using data from a single medical center. Second, we performed PSM based on the different characteristics of the study patients before the operation. Nevertheless, there were several unmeasured confounders. Third, the graft configuration may have influenced the outcomes, which was not fully accounted for in our analysis. Fourth, selection of surgical strategy (TAR vs. LIMA + SVG) was based on surgeon discretion, potentially introducing selection bias. Finally, it is also important to note that the follow-up period in our study was shorter, at only 5 years, as compared to those of previous research. A longer follow-up period is needed to better evaluate the potential long-term benefits of TAR in our specific subgroups.




5 Conclusion

Off-pump total arterial bypass grafting for the elderly is effective and safe. However, OPCAB with total arterial grafting did not show a survival and/or free-MACCE advantage in the elderly after 5 years of follow-up, as compared to the procedure using LIMA with SVG.
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60 (50-6.0) 60 (5.0-8.0)

60 (5.0-6.0)

5.5 (5.0-7.0)

Early extubation (24 h), n (%) 85 (84.2) 274 (838) 090 84 (840) 82 (820)
Perioperative transfusion, (%) 67 (66.3) 271 (829) <0001 66 (66.0) 82 (820) 001
Median drain contents, ml [IQR] 400 (300-500) 400 (350-510) 059 400 (300-510) 400 (500-500) 028

30 days mortality, n (%)

3(3.0) 9 (28)

2(20)

0(0)

Early term postoperative

New stroke 1(1.0) 9 (28) 046 1(1.0) 2(20) 1.00
New dialysis 00 5(15) 060 00 1(10) 050
New onset atrial 22(218) 120 (36.8) 0.005 21 210) 33 (33.0) 0.06
Infection of wound 2(2.0) 0(0) 0.06 2(20) 0(0) 050
Reoperation of bleeding 2 2.0) 71 100 2(0) 220 100
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Arterial graft, n (%)

Entire cohort (n = 101)

PS-matched cohort (n = 100)

Over three arterial grafts 57 (56.7) 57 (57.0)
Two arterial grafts 44 (43.5) 43 (43.0)
LIMA 100 (99.0) 100 (100)
RIMA 76 (75.2) 75 (75.0)
RA 39 (386) 38 (38.0)
RGEA 42 (416) 42 (42.0)
Graft ion, n (%)

LIMA, RIMA, RGEA 28 (280) 28 (28.0)
LIMA-Y composite RA 17 (17.0) 17 (17.0)
LIMA-Y composite RA, RIMA-I composite RA 14 (14.0) 14 (14.0)
LIMA, RIMA 13 (13.0) 13 (13.0)
LIMA-Y composite RIMA 7 (7.0) 7(7.0)
LIMA-Y composite RIMA, RGEA 7(7.0) 7 (7.0)
LIMA, RGEA 5 (50) 5(5.0)
LIMA-Y composite RA, RIMA 4 (40) 4(40)
LIMA, RIMA-T composite RA 330 220
RIMA-Y composite LIMA 1(10) 1(1.0)
RIMA-Y composite LIMA, RGEA 1(1.0) 1(1.0)
LIMA-Y composite RA, RGEA 1(10) 1(1.0)
RIMA-T composite RA 1(10) 0
The target area of arterial grafts, n (%)

Left anterior descending artery 101 (100.0) 100 (100.0)
Diagonal branch 43 (426) 43 (43.0)
Circumflex territory 88 (87.1) 87 (87.0)
Right coronary system 68 (67.3) 68 (68.0)
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