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Observational studies and meta-analyses have suggested that patients who receive multiple 

arterial grafting (MAG) have better long-term survival than patients who receive single 

arterial grafting (SAG).1 Comparative observational studies, however, are open to treatment 

allocation bias, and it is likely that the benefit observed for MAG may be related 

to unmeasured confounders due to the tendency of surgeons to use MAG in patients 

perceived as healthier and with longer life expectancy.2 In the Radial Artery Database 

International Alliance (RADIAL) study, a patient-level pooled analysis of six RCTs 

comparing the radial artery (RA) and the saphenous vein graft as the second conduit for 

bypass surgery, a significant reduction in the composite of death, myocardial infarction, 

or repeat revascularization was shown in the RA group at 10-year follow-up (hazard ratio 

[HR]: 0.73, 95% confidence interval [95% CI]: 0.61–0.88, P<0.001) and in a post-hoc 

analysis, the use of the RA was also associated with a significantly lower incidence of death 

(HR: 0.73, 95% CI: 0.57–0.93], P=0.01).3 In contrast, the 10-year results of the Arterial 

Revascularization Trial (ART), the largest randomized clinical trial comparing patients 

undergoing bilateral internal thoracic artery (BITA) versus single internal thoracic artery 

(SITA) grafting, reported no difference in mortality between the two cohorts (HR: 0.96, 95% 

CI: 0.82–1.12, P=0.62).4 There are, however, important issues with the ART trial including a 

high degree of crossover from the BITA to SITA arm, as well as a high rate of RA use in the 

SITA group.5

It is becoming increasingly apparent, however, that higher-risk patients (i.e. older age, 

higher prevalence of comorbidities) may not benefit from the use of MAG. Randomized 

studies have shown that there is no difference in patency between arterial and venous grafts 

at early follow-up, but arterial grafts have a superior patency in the mid- and long-term 

(after four years).6,7 This suggests that patients who do not have mid- to long-term life 

expectancy may not see the benefit associated with MAG. A post-hoc analysis of the ART 

trial suggests that the use of BITA over SITA grafting is associated with a lower incidence 

of major adverse event including all-cause mortality, myocardial infarction, or stroke, in 

younger, but not older, patients.8 Similarly, in an analysis of a New Jersey registry of over 

26,000 patients, the benefit of MAG on the 10-year survival were not seen in patients 

older than 70 years and with ejection fraction ≤30%.9 Moreover, in an analysis of 64,402 

patients in New York State, MAG was associated with lower incidence of major adverse 
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cardiac event (composite of mortality, myocardial infarction, or repeated revascularization) 

and longer survival at 7-year follow-up among low-risk (<10% 1-year mortality), but not 

high-risk (≥10% 1-year mortality) patients.10 Indeed, the 2018 ESC/EACTS guidelines on 

myocardial revascularization recommend the use of MAG only in patients with a reasonable 

life expectancy.11

In addition to the selection of the patients who may benefit more from MAG, surgeon and 

center experience play a major role. In an analysis of the Society of Thoracic Surgeons 

National Database, operative mortality after BITA grafting was higher, when compared with 

SITA grafting, at low experience centers (use of BITA <5%), but not in experienced centers 

(use of BITA from 20% to 40%).12 Similarly, a meta-analysis of 34 studies including 27,894 

patients revealed that long‐term mortality was significantly and inversely associated with 

center volume (P=0.02), with better survival reported by high volume BITA centers. 13

To conclude, as we wait for the results of the Randomized comparison of the clinical 

Outcome of single versus Multiple Arterial grafts (ROMA) trial, designed to settle the 

MAG question in a cohort of more than 4,000 patients (results expected after 2025), the 

current evidence supports the use of MAG in younger patients, with a low prevalence 

of comorbidities, and a reasonable life expectancy. Furthermore, surgeon expertise and 

institutional experience should be taken into consideration in the decision-making process 

on the best treatment for patients with coronary artery disease.

Funding:

none

References

1. Urso S, Nogales E, González JM, et al. Bilateral internal thoracic artery versus single internal 
thoracic artery: a meta-analysis of propensity score-matched observational studies. Interact 
Cardiovasc Thorac Surg 2019; 29: 163–172.

2. Gaudino M, Di Franco A, Rahouma M, et al. Unmeasured Confounders in Observational Studies 
Comparing Bilateral Versus Single Internal Thoracic Artery for Coronary Artery Bypass Grafting: 
A Meta-Analysis. J Am Heart Assoc 2018; 7.

3. Gaudino M, Benedetto U, Fremes S, et al. Association of Radial Artery Graft vs Saphenous Vein 
Graft With Long-term Cardiovascular Outcomes Among Patients Undergoing Coronary Artery 
Bypass Grafting: A Systematic Review and Meta-analysis. JAMA 2020; 324: 179. [PubMed: 
32662861] 

4. Taggart DP, Benedetto U, Gerry S, et al. Bilateral versus Single Internal-Thoracic-Artery Grafts at 
10 Years. N Engl J Med 2019; 380: 437–446. [PubMed: 30699314] 

5. Gaudino M, Bakaeen FG, Benedetto U, et al. Arterial Grafts for Coronary Bypass: A Critical 
Review After the Publication of ART and RADIAL. Circulation 2019; 140: 1273–1284. [PubMed: 
31934782] 

6. Gaudino M, Benedetto U, Fremes S, et al. Radial-Artery or Saphenous-Vein Grafts in Coronary-
Artery Bypass Surgery. N Engl J Med 2018; 378: 2069–2077. [PubMed: 29708851] 

7. Benedetto U, Raja SG, Albanese A, et al. Searching for the second best graft for coronary artery 
bypass surgery: a network meta-analysis of randomized controlled trials†. Eur J Cardio-Thorac Surg 
Off J Eur Assoc Cardio-Thorac Surg 2015; 47: 59–65.

Audisio et al. Page 2

Innovations (Phila). Author manuscript; available in PMC 2022 January 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Gaudino M, Di Franco A, Flather M, et al. Association of Age With 10-Year Outcomes After 
Coronary Surgery in the Arterial Revascularization Trial. J Am Coll Cardiol 2021; 77: 18–26. 
[PubMed: 33413936] 

9. Chikwe J, Sun E, Hannan EL, et al. Outcomes of Second Arterial Conduits in Patients Undergoing 
Multivessel Coronary Artery Bypass Graft Surgery. J Am Coll Cardiol 2019; 74: 2238–2248. 
[PubMed: 31672179] 

10. Gaudino M, Samadashvili Z, Hameed I, et al. Differences in Long-term Outcomes After Coronary 
Artery Bypass Grafting Using Single vs Multiple Arterial Grafts and the Association With Sex. 
JAMA Cardiol Epub ahead of print 23 December 2020. DOI:10.1001/jamacardio.2020.6585.

11. Sousa-Uva M, Neumann F-J, Ahlsson A, et al. 2018 ESC/EACTS Guidelines on myocardial 
revascularization. Eur J Cardio-Thorac Surg Off J Eur Assoc Cardio-Thorac Surg 2019; 55: 4–90.

12. Schwann TA, Habib RH, Wallace A, et al. Operative Outcomes of Multiple-Arterial Versus 
Single-Arterial Coronary Bypass Grafting. Ann Thorac Surg 2018; 105: 1109–1119. [PubMed: 
29453002] 

13. Gaudino M, Bakaeen F, Benedetto U, et al. Use Rate and Outcome in Bilateral Internal Thoracic 
Artery Grafting: Insights From a Systematic Review and Meta-Analysis. J Am Heart Assoc 2018; 
7.

Audisio et al. Page 3

Innovations (Phila). Author manuscript; available in PMC 2022 January 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	References

