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Radial artery as a second arterial graft in the elderly and both 
sexes
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Background: Use of multiple arterial grafts for surgical coronary revascularization remains limited in scope 
worldwide, and is disproportionately low in two growing segments of coronary artery disease patients—
women and the elderly. While a prevailing practice, this trend is not supported by objective data. This report 
discusses two recent reports that support the liberal use of the radial artery (RA) as a second arterial conduit, 
in the elderly and irrespective of sex, instead of the conventional operation based on a single internal thoracic 
artery (ITA) with additional vein grafts. 
Methods: From 1996 to 2007, 6,384 patients underwent primary, non-salvage emergency coronary artery 
bypass grafting with at least 2 complete grafts (including one ITA graft) were included in the present 
analysis. Those with bilateral ITA, ITA-only grafts, or concomitant valve/aortic surgery were excluded. 2,605 
patients aged 70 or greater were further included in a subsequent analysis. Patients were further matched on 
propensity score models based on ITA/RA versus ITA/saphenous vein (SV) grafts.
Results: 69% of all included patients were male. Propensity models yielded 1,416 ITA/RA and ITA/SV 
matched pairs in men and 567 pairs in women. Operative mortality was similar for both graft combinations 
in men and women, while late mortality was significantly lower for ITA/RA subcohorts in both sexes. 
Matched Kaplan-Meier cumulative mortality was significantly better for ITA/RA irrespective of sex [men: 
risk reduction (RR)=0.65, P<0.001; women: RR=0.75, P=0.045]. In patients aged 70 years or older, operative 
death was essentially identical for ITA/RA vs. ITA/SV (2.31% vs. 2.31%; P=0.880). Patients undergoing ITA/
RA grafting had significantly better unadjusted 12-year survival. In 480 elderly matched pairs, cumulative 
mortality at 1, 5, and 10 years was significantly better for the ITA/RA cohort.
Conclusion: The discussed data showed a clinically significant improvement in intermediate (1-5 years) 
and late (>5 years) survival with multiple arterial grafts in female and male patients and in the elderly. The 
latter was true for both the septuagenarian and octogenarian subgroups. Importantly, the choice of the RA 
as the second arterial conduit seems to be associated with low associated perioperative risks, and avoids the 
potential for sternal healing complications due to bilateral ITA dissection in certain patients.
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Introduction

The left internal thoracic artery to left anterior descending 
(LITA-LAD) graft is the cornerstone of modern coronary 
artery bypass grafting (CABG) surgery. The favorable effect 

on long-term outcomes of using the LITA arterial conduit 
over saphenous vein for grafting is well established, and 
is attributed to superior durability of arterial grafts (1,2). 
Multiple groups have also compellingly demonstrated 
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that additional arterial grafts may further improve late 
outcomes of CABG surgery (3-11). However, in the United 
States and many other countries, the use of multiple 
arterial grafts in primary CABG operations remains below 
10%. This has been the case despite a lack of substantive 
evidence justifying the use of conventional LITA-LAD with 
additional vein grafting (ITA/SV).

Women and elderly patients have been particularly under-
represented in the majority of, if not all, the reported CABG 
series with multiple arterial grafting. In the case of the elderly, 
it is suggested that their limited life expectancy precludes them 
from realizing the late benefits of multiple arterial grafts. The 
current report focuses on the findings of two recent studies 
investigating the long-term benefits of using the radial artery 
as a second arterial conduit (ITA/RA) versus the ITA/SV 
approach in the elderly (12) and across both sexes (13).

Patients and methods

The two studies (12,13) employed nearly identical methods 
with retrospective analysis of a prospectively collected cardiac 
surgery database, collected and reported in accordance with 
the STS National Database definitions and criteria.

Patients and coronary grafts

The patients in both studies were derived from the 1996-
2007 primary, non-salvage CABG experience at Mercy 
Saint Vincent Medical Center of Toledo, Ohio, USA. All 
included subjects had ≥2 completed grafts including one 
ITA graft (>99% LITA-LAD). Patients with bilateral ITA, 
ITA-only grafts, or concomitant valve/aortic surgery were 
excluded. This retained 6,384 patients (69% vs. 31%, male/
female) for analysis in the study by sex (13). From this 
baseline population, the elderly study further excluded 
patients younger than 70 years of age at the time of CABG, 
retaining 2,605 elderly subjects (12). Late mortality data 
were secured from the United States Social Security Death 
Index Database (February 2012; http://ssdi.genealogy.
rootsweb.com). Details on surgical technique over the study 
period have been previously described (6,9,10,13).

Propensity score models and matching

In the elderly study, patients were first separated into 
septuagenarian (70-79 years) and octogenarian (≥80 years) sub-
cohorts and, within each, subsequently subdivided to the ITA/
RA and ITA/SV grafting groups (12). Similarly, for the study 

by sex, separate grafting groups were derived for male and 
female patients. In all four cases, ITA/RA and ITA/SV cohorts 
exhibited significant demographic and risk factor differences. 
To minimize confounding due to these differences, separate 
RA-use (treatment) propensity score matching was done to 
arrive at matched ITA/RA and ITA/SV groups (12,13).

Data analysis

Kaplan-Meier and Cox regression analyses were applied to 
assess sex-specific and elderly-specific 12-year survival risk 
ratios of ITA/RA vs. ITA/SV grafting. A P-value less than 
0.05 was used to indicate significance.

Results

Operative death (in-hospital or within 30 days) was similar 
for ITA/RA and ITA/SV in men, women, septuagenarians 
and octogenarians. The ITA/RA grafting subcohort 
demonstrated superior long-term survival across all four 
CABG subpopulations studied. Detailed early and late 
survival results for each group follow.

Elderly

In patients aged 70 years or older, operative death was 
essentially identical for ITA/RA vs. ITA/SV [14 of 607 
(2.31%) vs. 35 of 1,513 (2.31%); P=0.880]. At late follow-
up, total deaths were less frequent among ITA/RA vs. 
ITS/SV [118 of 607 (19.4%) vs. 577 of 1,513 (38.1%), 
respectively; P<0.001]. Unadjusted 12-year survival was 
significantly better for ITA/RA (overall; P<0.001), and 
this was true for both septuagenarians (P=0.003) and 
octogenarians (P=0.048). In 480 matched elderly pairs (79% 
of all ITA/RA), all patient factor differences were removed 
(standardized differences below 10%; P>0.2), resulting 
in identical operative mortality for ITA/RA and ITA/SV 
cohorts (both 2.3%). Cumulative mortality estimates at 1, 
5 and 10 years remained substantially worse for ITA/SV for 
all elderly (P<0.001), and for septuagenarians (P<0.001) and 
octogenarians (P=0.032) separately (Figure 1). Cumulative 
mortality for the matched ITA/RA and ITA/SV cohorts 
exhibited biphasic (early and late) characteristics. Excluding 
all 30-day deaths, the risk ratio for ITA/RA versus ITA/
SV grafting was 0.47 (95% confidence interval, 0.36-0.61), 
which is consistent with the relative hazard ratios versus 
time (Figure 1). These were essentially <1 (or less death 
risk for ITA/RA) for nearly the entire available follow-up 
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time for all elderly patients and was qualitatively similar in 
septuagenarians and octogenarians.

By sex

Operative death was similar in men and women [53/4,413 

(1.20%) vs. 35/1,971 (1.78%); P=0.088] and, within each 
sex, operative mortality was similar for ITA/RA versus ITA/
SV grafting [men: 19/1,946 (0.98%) vs. 34/2,467 (1.38%), 
P=0.281; women: 10/656 (1.52%) vs. 25/1,315 (1.90%), 
P=0.678]. Late mortality was significantly lower overall for 
ITA/RA versus ITA/SV in men (10.4% vs. 28.3%; P<0.001) 
and in women (13.6% vs. 28.5%; P<0.001). Subsequently, 
unadjusted 12-year survival was significantly better for ITA/
RA versus ITA/SV, irrespective of gender (both P<0.001).

Matching resulted in 1,416 ITA/RA and ITA/SV 
matched pairs in men (73%) and 567 matched pairs 
in women (86%). All differences in demographic, co-
morbidity, coronary disease and revascularization factors 
were removed after matching (all P>0.2; all standardized 
differences <10%). SV grafts were also used in matched 
male (80%) and female (77%) RA patients. For ITA/RA 
versus ITA/SV, operative mortality was similar in men 
[18/1,416 (1.28%) vs. 17/1,416 (1.20%); P=1.0] and women 
[8/567 (1.41%) vs. 11/567 (1.94%); P=0.644]. Alternatively, 
late mortality was significantly lower for ITA/RA subcohorts 
in both men [11.6% vs. 22.0%; P<0.001] and women (14.7% 
vs. 22.2%; P<0.001). The corresponding matched Kaplan-
Meier cumulative mortality data were significantly better 
for ITA/RA irrespective of sex [men: RR=0.65 (0.54-0.79), 
P<0.001; women: RR=0.75 (0.57-0.99), P=0.045; Figure 2]. 
The comparatively more beneficial relative risks in males 
compared to female CABG patients were consistent with 
the relative hazard versus time data.

Discussion

These two studies indicate that ITA/RA is associated with 
improved long-term survival compared to the conventional 
ITA/SV approach, irrespective of sex (men and women) 
and elderly age overall, as well as for septuagenarians and 
octogenarians separately. Importantly, this is achieved 
without evidence of increased acute perioperative risk 
associated with utilization of the RA, a conduit that is often 
perceived as being more technically difficult to handle 
and which, given its documented advantages, remains 
inexplicably underutilized in contemporary practice in the 
United States (12,13).

The study of elderly patients aimed to objectively 
address the claim that the ITA/RA may not be warranted 
in elderly (>70 years) and very elderly (>80 years) CABG 
subgroups because the expected survival benefits of 
using RA grafts may not be realizable given reasonable 
life expectancy limits (12). Indeed, as the first elderly-

Figure 1 Comparison of Kaplan-Meier mortality [ITA/SV (open 
symbols) ITA/RA (gray symbol)] in propensity-matched elderly 
patients (Top). Solid and dashed lines through symbols represents 
the biphasic model fit to the mortality data (see mathematical 
equation within each panel). Relative ITA/RA-to-ITA/SV death 
hazard ratio plotted versus time since surgery in elderly CABG 
patients derived from the biphasic model fits to above propensity 
matched sub-cohorts mortality data and simulated for all (solid 
line), septuagenarians (dashed line) and octogenarians (dash-dot-
dot line) (bottom). Simulations were time-truncated based on 
available mortality data
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specific analysis of ITA/RA grafting, it reported that the 
elderly overall, regardless of whether septuagenarian or 
older, experienced decreased cumulative risk adjusted (by 
propensity matching) long-term mortality. The magnitude 
of this multiple versus single arterial graft effect was a 
formidable 53% reduction in 12-year cumulative mortality.

The study by sex clarified the previously unexamined 
impact of ITA/RA grafting on long-term survival by sex. 
While improved long-term survival was associated with 
ITA/RA in men and women, the benefits manifested 
differently by sex, as evidenced by the hazard functions. 
In men, the benefit appears later when compared with 
women but is relatively greater and more consistent. In 
women, following an early 1-year survival advantage with 
RA use, there appears to be a relative disadvantage in 
survival between 12 and 36 months. In the long-term, the 
12-year cumulative survival benefit conferred by the ITA/
RA grafting approach relative to the ITA/SV is seen in both 
males and females with a relative reduction in mortality 
[derived as: 100%×(1–RR)] of 35% in males and 25% in 
females. A very recent study corroborated our data and 
found that women receiving ITA/RA had significant 15-year 
survival advantages over matched ITA/SV patients (14).

We speculate that the enhanced survival of ITA/RA 
groups is due to the at least equivalent and most likely 
improved long-term durability of the RA compared to 
the SV graft, as previously documented (6,9,13,15-17). A 
limitation of these studies is their retrospective, 11-year 
single institution experience with RA grafting and thus their 
conclusions may not be immediately generalizable. The 
latter is partially mitigated by other independent patient 
series analyses, which have shown improved late survival 
with multiple arterial grafts achieved by using the RA as a 
second arterial graft. Despite using propensity matching 
to minimize patient selection bias, these studies remain a 
retrospective analysis with the possibility of uncontrolled 
confounding effects. Furthermore, we are unable to 
unambiguously attribute the improved survival in the 
different groups to the effects of the RA, specifically to its 
presumed enhanced patency rates, as neither the cause of 
death nor graft patency data are available.

In conclusion, these two reports support more liberal use 
of the RA as a second arterial conduit instead of the SV in 
the elderly and irrespective of sex. Given the documented 
benefits of multiple arterial grafts in these two studies, as well 
as previous related reports, it is difficult to understand the 
tragically low utilization rate of multiple arterial conduits 
by cardiac surgeons today. We believe that in light of the 

Figure 2 Comparison of Kaplan-Meier mortality [ITA/SV (open 
symbols) ITA/RA (gray symbol)] in propensity-matched female 
(Top) and male (Middle) patients. Solid and dashed lines through 
symbols represents the biphasic model fit to the mortality data 
(see mathematical equation within each panel). Relative ITA/RA-
to-ITA/SV death hazard ratio plotted versus time since surgery in 
male and female CABG patients derived from the biphasic model 
fits to above propensity matched sub-cohorts mortality data
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compelling and growing data establishing superior patency 
of arterial grafts (16,17) and concurrent improved survival, 
it is time for our professional societies to establish multiple 
arterial grafting as a quality benchmark—paralleling the 
experience with rapid adoption of the LIMA to LAD graft 
as a standard of care.
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