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CORONARY ARTERY BYPASS

grafting (CABG) is one of the
most common operations per-
formed; the Society for Tho-

racic Surgery (STS) database shows that
in the United States, 163 048 patients had
CABG surgery in 2008. The success of
CABG depends on the long-term pat-
ency of the arterial and venous grafts. The
majority of patients receive left internal
mammary artery grafts to the left ante-
rior descending coronary artery and sa-
phenous vein grafts to the remaining ves-
sels. The improved patency of the in situ
left internal mammary has led investi-
gators to explore the use of other arte-
rial grafts, such as the right internal or
free internal mammary, the gastroepi-
ploic, the splenic, and the radial artery,
with the radial artery being the easiest to

harvest. The STS database shows that
10 319 patients in the United States re-
ceived radial artery grafts in 2008, sug-
gesting that about 6% of patients under-
going CABG (10 319/163 048) have
radial artery grafts.

The most important question regard-
ing the efficacy of different conduits is
their long-term patency. The Depart-
ment of Veterans Affairs (VA) Coop-
erative Studies Program has had a long-
standing interest in long-term graft
patency after CABG.1-4 These studies
have examined serial graft patency from
7 days up to 10 years after CABG. The
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Context Arterial grafts are thought to be better conduits than saphenous vein grafts
for coronary artery bypass grafting (CABG) based on experience with using the left
internal mammary artery to bypass the left anterior descending coronary artery. The
efficacy of the radial artery graft is less clear.

Objective To compare 1-year angiographic patency of radial artery grafts vs saphe-
nous vein grafts in patients undergoing elective CABG.

Design, Setting, and Participants Multicenter, randomized controlled trial con-
ducted from February 2003 to February 2009 at 11 Veterans Affairs medical centers
among 757 participants (99% men) undergoing first-time elective CABG.

Interventions The left internal mammary artery was used to preferentially graft the
left anterior descending coronary artery whenever possible; the best remaining recipi-
ent vessel was randomized to radial artery vs saphenous vein graft.

Main Outcome Measures The primary end point was angiographic graft patency
at 1 year after CABG. Secondary end points included angiographic graft patency at 1
week after CABG, myocardial infarction, stroke, repeat revascularization, and death.

Results Analysis included 733 patients (366 in the radial artery group, 367 in the
saphenous vein group). There was no significant difference in study graft patency at
1 year after CABG (radial artery, 238/266; 89%; 95% confidence interval [CI], 86%-
93%; saphenous vein, 239/269; 89%; 95% CI, 85%-93%; adjusted OR, 0.99; 95%
CI, 0.56-1.74; P=.98). There were no significant differences in the secondary end points.

Conclusion Among Veterans Affairs patients undergoing first-time elective CABG,
the use of a radial artery graft compared with saphenous vein graft did not result in
greater 1-year patency.

Trial Registration clinicaltrials.gov Identifier: NCT00054847
JAMA. 2011;305(2):167-174 www.jama.com
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trial reported here, sponsored by the VA
Cooperative Studies Program, was a
prospectively randomized clinical trial
comparing radial artery grafts vs sa-
phenous vein grafts in patients under-
going elective first-time CABG.

METHODS
The study was approved by each site’s
institutional review board; written in-
formed consent was obtained from each
patient before screening. This trial stud-
iedpatientsundergoingelectivefirst-time
CABG that did not require concomitant
valve surgery. Saphenous vein coronary
bypass grafting was performed by the
usual protocol for each of the study in-
stitutions.Specificdetailsregardingstudy
population and surgical technique can
be found in the eAppendix (available at
http://www.jama.com).

Procedures

Patients were assigned in a 1:1 ratio to
radial artery or saphenous vein grafts
using permuted blocks randomization,
stratified by hospital, vessel to be by-
passed (left anterior descending artery
[LAD] vs the other 2), and whether sur-
gery would be performed on pump or off
pump. The surgeons decided preopera-
tively and prior to randomization which
vessel would be the subject of the study;
the criterion used was to choose the re-
cipient coronary artery most suitable for
grafting. Therapy used to improve graft
patency was aspirin (325 mg) given 6
hours after surgery via the nasogastric
tube. Aspirin use continued daily for at
least a year. Patients were followed up
every 3 months, with postoperative vis-
its at 3, 6, and 9 months and 1 year after
CABG. Patients underwent graft angi-
ography at 1 week after surgery or be-
fore discharge from hospital and at 1 year
after CABG. Patients whose study graft
was occluded at 1 week or who had clini-
cally indicated angiogram within 1 year
after CABG were not asked to undergo
angiogram at 1 year.

Outcome Measures

The primary end point was angio-
graphic graft patency at 1 year after
CABG, defined as any opacification of

distal target by injection of the graft. The
window for the 1-year angiogram was
2 to 24 months. This window was cho-
sen to capture early clinically indi-
cated angiograms and late selective an-
giograms in patients who did not have
symptoms. Study grafts that were oc-
cluded at 1 week after CABG were con-
sidered occluded at 1 year. One-year
graft patency data were missing if pa-
tients whose study grafts were patent
at 1 week did not undergo an angio-
gram within the time window or if the
central angiography laboratory was not
able to determine graft patency.

Two hundred twelve of the 12-
month angiograms for the radial ar-
tery patients and 203 for the saphe-
nous vein patients were obtained
between 10 and 14 months after sur-
gery; 37 angiograms for the radial ar-
tery patients and 47 for the saphenous
vein patients were obtained after 14
months after surgery. A sensitivity
analysis was performed based on pa-
tients whose angiograms were ob-
tained between 10 and 14 months af-
ter surgery and classifying those with
occluded grafts before 10 months as oc-
cluded and those with patent grafts af-
ter 14 months as patent at 12 months.
Secondary end points included myo-
cardial infarction, stroke, repeat coro-
nary revascularization, and death.

We estimated cardiac bypass surgery
costs using the VA Decision Support Sys-
tem, an activity-based cost allocation sys-
tem. We adjusted the costs for regional
variation using the Medicare wage in-
dex, and the prior year’s costs were in-
flated to 2009 using the general con-
sumer price index. We analyzed costs
and logged costs using linear regres-
sion with robust standard errors. Qual-
ity of life was measured at baseline, 3
months, and 12 months using the Health
Utilities Index Mark III (score range,
−0.37 to 1; scores less than 0 represent
a state worse than death, 0 represents
death, and 1 represents perfect health).
Hand function was assessed with 2 stan-
dard hand-performance tests: manual
dexterity was measured with a 9-hole peg
test, and grip strength was measured with
a dynamometer.

Angiographic Analysis
Angiograms were read both locally at the
site and centrally in the angiographic
laboratory at the Southern Arizona VA
Health Care System. The readings from
the central angiographic laboratory were
used to determine the primary end point.
All sites were required to record cath-
eter type and size. The angiographers
used the same types of catheters for the
1-week and 1-year arteriogram. The ar-
teriograms included at least 2 orthogo-
nal views of each graft (45° left anterior
oblique and 45° right anterior oblique).
Angiographers administered 100 µg of
nitroglycerin into the study graft prior
to the contrast injection if the patient’s
systolic blood pressure was greater than
90 mm Hg.

The central angiography readers were
blinded as to which patients had ra-
dial artery grafts vs saphenous vein
grafts. The angiograms were viewed
with a Siemens-based computer sys-
tem with ACOM PC and Quantcor
QCA software (Siemens Healthcare, Er-
langen, Germany). Using the catheter
as a calibration factor, this system de-
fined coronary diameter and percent
stenosis. The reader assessed the per-
cent stenosis at 3 sites on the graft (ori-
gin, body, and distal site). The graft was
designated as occluded if the graft was
100% occluded at 1 of the sites. Quali-
tative features were also defined, such
as lucencies, filling defects, extra lumi-
nal contrast consistent with dissec-
tion, or sharp angulations in grafts,
which could contribute to occlusion.

Statistical Analyses

The study was designed to have 90%
power to detect 1-year patency rates of
92% in radial artery vs 83% in saphe-
nous vein grafts, with a 2-sided type I
error of 5% and an expected 1-year cath-
eterization completion rate of 65%. Fi-
nal enrollment was 733, lower than the
originally planned total of 874. How-
ever, 1-year catheterization comple-
tion rate (73%) was higher than ex-
pected, and the post hoc power to detect
92% vs 83% patency was 89%.

An independent data monitoring
committee reviewed the unblinded
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study data every 6 months. Interim
analyses for efficacy were performed ev-
ery 6 months starting from January
2004 with a plan to recommend study
termination if the test statistic for the
primary outcome crossed the 2-sided
O’Brien-Fleming boundaries derived
from the � spending function.5

All analyses were performed accord-
ing to intention to treat. The primary end
point, study graft patency at 1 year after
CABG, was compared between the 2
groups using a �2 test. Multiple logistic
regression analysis was used to adjust for
stratification factors and for character-
istics that were potentially predictive of
graft patency, including size of the re-
cipient vessel (�2 mm vs �2 mm), dia-
betes mellitus (presence/absence), smok-
ing history (current smoker vs other),
level of low-density lipoprotein choles-
terol, and quality of study graft (good/
poor). We also performed prespecified
subgroup analyses and assessed
treatment�subgroup interaction. Sex
was not included in the subgroup analy-
sis or the logistic regression because the
number of women was small.

For baseline characteristics and sec-
ondary end points, �2 tests were used
to compare binary or categorical vari-
ables; 2-sample t tests or Wilcoxon rank
sum tests were used to compare con-
tinuous variables. To account for miss-
ing primary end point data, we as-
sessed potential angiographic bias by
comparing baseline characteristics be-
tween those patients who underwent
the 1-year catheterization with those
who did not, both overall and within
each treatment group. We also per-
formed as-treated and per-protocol
analyses and multiple imputations as
sensitivity analyses to the intent-to-
treat analysis on primary end point.
Analyses were performed using SAS ver-
sion 8.2 (SAS Institute, Cary, North
Carolina). A 2-sided P� .05 indicated
statistical significance.

RESULTS
From February 2003 through Febru-
ary 2008, we randomized 757 patients
from 11 VA medical centers (eTable 1).
With 24 postrandomization exclu-

sions, 733 patients (366 in the radial
artery group, 367 in the saphenous vein
group) were included in the analysis
(FIGURE 1). Demographic and clinical
characteristics of the patients were simi-
lar in the 2 groups (TABLE 1).

There was a difference in the pro-
portion of the 2 treatment groups re-
ceiving what they were randomized to
receive: 332 of 366 patients random-
ized to receive a radial artery graft re-

ceived one (91%; 95% confidence in-
terval [CI], 87%-93%), while 362 of 367
patients randomized to receive a sa-
phenous vein graft received it (99%;
95% CI, 97%-100%) (TABLE 2). (Refer
to eAppendix for reasons.) The sur-
gery was performed on pump for 644
of 733 patients (88%: radial artery, 325/
366; 89%; 95% CI; 86%-92%; saphe-
nous vein, 319/367; 87%; 95% CI, 83%-
90%). Eighteen patients in the radial

Figure 1. Flow of Participants

733 Underwent surgery

6148 Patients assessed for eligibility

266 Included in primary analysis
100 Excluded (did not provide an angiogram

within the time frame)

269 Included in primary analysis
98 Excluded (did not provide an angiogram

within the time frame)

366 Randomized to receive radial artery graft
332 Received graft as randomized 

367 Randomized to receive saphenous vein graft
362 Received graft as randomized 

292 Underwent 1-week angiogram
267 Underwent 12-month angiogram

268 Underwent 1-week angiogram
266 Underwent 12-month angiogram

757 Randomized

5391 Excluded
3270 Medical reasons

883 Valve operation
458 No suitable radial target
442 Positive Allen test results
422 Did not have full use of both arms
 363 High creatinine or hemodialysis

2086 Nonmedical reasons

21 Eligible but did not participate 
14 Were not randomized

5 Did not want to participate
3 Did not want to be randomized
2 No reason stated

11 Other reason stated

1087 Physician exclusion
567 Refused
155 In another study
46 Unable to give consent

699 Other

 299 Repeat CABG
173 Single IMA graft
118 Raynaud symptoms
90 Allergy to contrast medium
35 Saphenous vein not available
28 Cardiogenic shock

567 Other

24 Excluded (after randomization)
6 Hurricane Katrina destroyed site
5 Single grafts from LIMA to LAD
8 Consent form issues
2 Decided not to have CABG
1 Urgent surgery
1 Needed concomitant valve surgery
1 Died before surgery

Numbers within exclusion subgroups sum to more than total numbers because multiple reasons could apply.
CABG indicates coronary artery bypass grafting; IMA, internal mammary artery; LIMA, left internal mammary
artery; and LAD, left anterior descending artery.
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artery group (5%; 95% CI, 3%-7%) and
72 patients in the saphenous vein group
(20%; 95% CI, 16%-24%) underwent
endoscopic vessel harvesting (P� .001).

The 30-day surgical mortality was
0.7% (95% CI, 0.2%-1.6%; 5/733). The
5 deaths within 30 days of surgery in-
cluded 1 cardiac death, 1 sudden death,
1 due to infection, 1 due to postopera-
tion complications, and 1 for an un-
known reason. Surgical complications
were similar; the only difference was that
patients with radial artery grafts had
fewer hemorrhages (defined as needing
blood transfusions) than patients with sa-

phenous vein grafts. There were fewer
total surgical complications in patients
who underwent endoscopic vessel har-
vesting than those who underwent other
vessel harvesting (endoscopic, 2/90; 2%;
95% CI, 0%-5%; other, 82/643; 13%; 95%
CI, 10%-15%; P=.001).

Seventy-six percent of patients (560/
733) had the 1-week angiogram at a me-
dian time of 7 days after surgery (range,
1-141 days), with 328 of the angio-
grams (58%) studied within 7 days of
surgery. Time until 1-week angiogram
was not significantly different between
the 2 groups (P=.54). There was no dif-

ference in 1-week patency between pa-
tients who received radial artery grafts
(285/288; 99%; 95% CI, 97%-100%) vs
saphenous vein grafts (260/267; 97%;
95% CI, 95%-99%), nor between pa-
tients who underwent endoscopic ves-
sel harvesting (61/63; 97%; 95% CI, 96%-
100%) vs other vessel harvesting (484/
492; 98%; 95% CI, 97%-99%).

Five hundred thirty-three patients
(73%) had 1-year angiograms. The me-
dian time until the 1-year angiogram was
371 days (range, 61-725 days), with 415
(78%) of the angiograms studied be-
tween 10 and 14 months of surgery (34
before 10 months, 84 after 14 months).
One-year angiograms performed be-
tween 2 and 9 months after surgery were
more likely to be clinically indicated and
had a lower patency rate (22/28; 79%;
95% CI, 63%-94%) than those per-
formed later in the time window (10-14
months, 377/415; 91%; 95% CI, 88%-
94%; after 14 months, 78/82; 95%; 95%
CI, 90%-100%). Time until 1-year an-
giogram was not different between the
2 groups (P=.31). The central labora-
tory determined graft patency for 525 of
533 1-year angiograms; 8 angiograms
could not be interpreted because the
study vessel was not imaged. Assigning
the 10 study grafts that were occluded
at 1 week after CABG as occluded at 1
year, the primary outcome was avail-
able for 73% of patients (535/733).

There was no significant difference in
1-yeargraftpatencybetweenradialartery
(238/266; 89%; 95% CI, 86%-93%) and
saphenous vein grafts (239/269; 89%;
95%CI,85%-93%;unadjustedoddsratio
[OR], 1.07; 95% CI, 0.62-1.84; P=.82)
(TABLE 3). The results remained similar
inas-treatedanalysis (adjustedOR,0.87;
95% CI, 0.50-1.53; P = .63), per-
protocolanalysis(adjustedOR,0.92;95%
CI,0.52-1.62;P=.78),bymultiple impu-
tations(adjustedOR,0.92;95%CI,0.56-
1.51;P=.73), and in thesensitivityanaly-
sis on time window (adjusted OR, 1.08;
95% CI, 0.60-1.93; P=.80). Graft pat-
ency was similar between the 2 groups
in grafts to different coronary arteries
(LAD/circumflex/right coronary artery)
(Table 3). In retrospect, given that 100%
occlusion occurred less frequently than

Table 1. Baseline Demographic and Clinical Characteristics of the Patientsa

Variable
Saphenous Vein Group

(n = 367)
Radial Artery Group

(n = 366)

Age, mean (SD), y 62 (8) 61 (8)

Male sex, No. (%) 362 (99) 365 (99)

Race, No. (%)b
White 329 (90) 331 (90)

Black 30 (8) 31 (9)

Other 7 (2) 4 (1)

Canadian Functional Class, No. (%)c
I 75 (20) 79 (22)

II 115 (31) 115 (31)

III 132 (36) 127 (35)

IV 44 (12) 44 (12)

Target vessel, No. (%)
LAD 53 (14) 51 (14)

CX 215 (59) 203 (55)

RCA 99 (27) 112 (31)

Comorbidities, No. (%)
Diabetes mellitus 153 (42) 154 (42)

Hypertension 287 (79) 289 (79)

Heart failure 15 (4) 28 (8)

Previous MI 143 (39) 146 (40)

Smoking history, No. (%)
Never smoked 49 (13) 59 (16)

Ex-smoker 217 (69) 220 (60)

Current smoker 99 (27) 86 (23)

Total cholesterol, mean (SD), mg/dLd 177.2 (41.4) 178.2 (46.8)

HDL, mean (SD), mg/dLd 39.3 (12.2) 38.5 (10.2)

LDL, mean (SD), mg/dLd 105.6 (39.6) 104.2 (38.4)

Triglycerides, mean (SD), mg/dLd 186.4 (118.4) 193.0 (143.6)
Abbreviations: CX, circumflex; HDL, high-density lipoprotein cholesterol; LAD, left anterior descending artery; LDL, low-

density lipoprotein cholesterol; MI, myocardial infarction; RCA, right coronary artery.
SI conversion factors: To convert total, HDL, and LDL cholesterol to mmol/L, multiply by 0.0259; triglycerides to mmol/L,

multiply by 0.0113.
aThere were 104 patients randomized whose planned surgery (intent to treat) was to the LAD. Before or during the op-

eration, 7 patients were switched to something else (4 to the right posterior descending artery, 1 to the second obtuse
marginal, 2 to the first obtuse marginal). Before or during the operation, 24 patients were switched from the CX or RCA
to the LAD. The result is that 121 patients in the study got a graft to the LAD: 8 to the proximal, middle, or distal LAD; 56
to the first diagonal; 21 to the second diagonal; and 36 to the ramus intermedius.

bRace classification was based on prespecified categories and obtained from the patient. One patient did not specify race.
cRepresents increasing angina from minimal (I) to severe incapacitating angina (IV).
dTotal cholesterol level was missing for 12 patients in the radial artery (RA) group and 26 patients in the saphenous vein

(SV) group. HDL level was missing for 19 RA and 34 SV patients, LDL level missing for 31 RA and 43 SV patients, and
triglycerides level missing for 18 RA and 33 SV patients.
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expected, the primary end point analy-
sis may be underpowered to detect a dif-
ference. After adjusting for stratifica-
tion factors, including site, target vessel
(LAD vs other), and whether the sur-
gery was performed on pump vs off
pump, the adjusted OR was 1.04 (95%
CI, 0.60-1.80; P= .90). After further
adjusting for smoking (current smoker
vs other), which was associated with
lower 1-year patency rate in univariate
analysis, the adjusted OR was 0.99 (95%
CI, 0.56-1.74; P=.98). For the prespeci-
fied subgroup analyses shown in
FIGURE 2, a significant interaction with
graft type was indicated for diabetes
(P=.04); radial artery grafts had lower
patency rate than saphenous vein grafts
in patients with diabetes and the reverse
was true in patients without diabetes.

The primary study outcome is a bi-
nary one, graft occlusion or not at 12
months. As described in the “Methods”
section, the angiography reader as-
sessed the percent stenosis at 3 sites on
the graft (origin, body, and distal site).
If one reader noted the maximum of the
percent stenosis at the 3 sites, then an-
other reader could examine the devel-
opment of disease in the study grafts at
1 year (Table 3). There was a higher in-
cidence of a 99% occlusion (a “string
sign”) with radial artery grafts (21/266;
8%; 95% CI, 5%-11%) compared with sa-
phenous vein grafts (3/269; 1%; 95% CI,
0%-2%; P� .001). The incidence of se-
vere stenosis (75%-100%) was signifi-
cantly higher in radial artery grafts (63/
266; 24%; 95% CI, 19%-29%) than in
saphenous vein grafts (43/269; 16%; 95%
CI, 12%-20%; P=.03), but there was no
evidence of progression of disease in tar-
get vessels. Although internal mam-
mary artery (IMA) patency was not a
study end point, we do have data on 458
left IMA grafts at 1 year with a patency
rate of 96% (438/458). The patency rate
was similar in the 2 groups (saphenous
vein, 97% [221/228]; radial artery, 94%
[217/230]; P=.18).

There was no significant difference be-
tween the 2 groups in the secondary out-
comes, including death, myocardial in-
farction, stroke, and repeat coronary
revascularization (Table 3). There was

Table 2. Surgery Characteristics, Mortality, and Complications

Variable
Saphenous Vein Group

(n = 367)
Radial Artery Group

(n = 366)
P

Value

Surgery priority, No. (%)
Elective 329 (90) 324 (89)

.63
Urgent 38 (10) 42 (12)

Received randomized graft, No. (%) 362 (99) 332 (91) �.001

Total number of grafts, No. (%)
1 1 (0) 2 (1)

2 81 (22) 68 (19)

3 196 (53) 192 (53) .61

4 84 (23) 97 (27)

5 5 (1) 7 (2)

Target vessel size, mean (SD), mma 1.71 (0.41) 1.68 (0.37) .30

Lumen diameter of study graft, mean (SD), mmb 3.20 (0.94) 2.46 (0.76) �.001

On/off pump (prior to randomization), No. (%)
On pump 319 (87) 320 (87)

.84
Off pump 48 (13) 46 (12)

On/off pump (at surgery), No. (%)
On pump 319 (87) 325 (89)

.44
Off pump 48 (13) 41 (11)

On-pump time, median (range), h 1.7 (0.0-3.4) 1.8 (0.0-4.0) .03

Operation time, median (range), h 4.6 (1.8-8.3) 5.1 (2.2-12.1) �.001

Cross-clamp time, median (range), hc 1.4 (1.0-2.5) 1.4 (1.0-3.2) .71

Proximal anastomosis of study graft, No. (%)
Ascending aorta 363 (99) 337 (92)

Vein patch 0 16 (4)
�.001

LIMA 1 (0) 4 (1)

Other 3 (1) 8 (2)

Artery condition, No. (%)
Normal 202 (55) 197 (54) .74

Calcified 66 (18) 86 (24) .06

Sclerotic 124 (34) 110 (30) .28

Quality of aorta, No. (%)
Normal 310 (84) 317 (87)

Moderate atherosclerosis 41 (11) 39 (11) .47

Severe atherosclerosis 16 (4) 10 (3)

Quality of study graft, No. (%)
Good 334 (91) 350 (96)

.02
Poor 32 (9) 15 (4)

Endoscopic harvesting, No./total No. (%) 72/367 (20) 18/366 (5) �.001

Operative mortality, No. (%)d 2 (0.5) 3 (0.8) .69

Complications, No. (%)e
Hemorrhagef 12 (3.3) 3 (0.8) .03

Stroke 1 (0.3) 2 (0.5) .62

Infection 1 (0.3) 4 (1.1) .22

Arrhythmiag 2 (0.6) 7 (1.9) .11

MI 3 (0.8) 3 (0.8) �.99

Cardiac arrest 2 (0.5) 2 (0.5) �.99

Respiratory failure 4 (1.1) 3 (0.8) �.99

Pneumonia 1 (0.3) 1 (0.3) �.99

Reoperation 2 (0.5) 3 (0.8) .69

Other 21 (5.7) 24 (6.6) .64

Any surgery complication, No. (%) 42 (11.4) 42 (11.5) .99

Length of ICU stay, median (range), d 2 (0-74) 3 (0-46) .008

Abbreviations: ICU, intensive care unit; LIMA, left internal mammary artery; MI, myocardial infarction; RA, radial artery; SV,
saphenous vein.

aFrom the surgery form. Target vessel size was missing for 3 patients in the SV group and 5 patients in the RA group.
bBased on central lab reading of 1-year angiogram. Study graft size was available for 239 SV patients and 229 RA patients.
cBased on 180 SV patients and 214 RA patients whose surgery was performed on pump.
dWithin 30 days of bypass surgery.
eOn the day of surgery.
fRequired blood transfusion.
gExcluding atrial fibrillation.
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no difference in the number and types
of adverse events, including serious ad-
verse events, which occurred in 330 of
733 patients (45%: radial artery, 158/
366; 43%; 95% CI, 38%-48%; saphe-
nous vein, 172/367; 47%; 95% CI, 42%-
52%;P=.31). Sixteenpatientsdiedwithin
1 year of CABG (9 in the radial artery
group, 7 in the saphenous vein group;
P=.61), including 3 cardiac deaths (1 in
the radial artery group, 2 in the saphe-
nous vein group).

Use of statins, aspirin, and �-
blockers was similar between the 2
groups. Use of calcium-channel block-

ers was higher in the radial artery group
(saphenous vein, 70/367; 19%; radial ar-
tery, 162/366; 44%; P� .001) (eTable
2).One-year graft patency was not dif-
ferent between patients who used or did
not use calcium-channel blockers in the
saphenous vein group (used calcium-
channel blockers, 50/57; 88%; 95% CI,
79%-95%; did not use calcium-channel
blockers, 189/212; 89%; 95% CI, 85%-
93%; P=.76) or in the radial artery group
(used calcium-channel blockers, 108/
116; 93%; 95% CI, 88%-97%; did not use
calcium-channelblockers, 130/150;87%;
95% CI, 81%-92%; P= .09). Ninety-

three percent of patients (684/733) were
given perioperative vasodilators or ino-
tropes (eTable 3).

In the saphenous vein group, the
1-year patency was lower in patients who
underwent endoscopic vessel harvest-
ing than in those who underwent other
vessel harvesting (endoscopic, 40/51;
78%; 95% CI, 67%-90%; other, 199/
218; 91%; 95% CI, 88%-95%; P=.009).
The difference was not significant in the
radial artery group (endoscopic, 11/11;
100%; 95% CI, 72%-100%; other, 227/
255; 89%; 95% CI, 85%-93%; P=.61).

In the saphenous vein group, the
1-year patency rate was higher in pa-
tients whose surgery was done on pump
(on pump, 214/237; 90%; 95% CI, 87%-
94%; off pump, 25/32; 78%; 95% CI,
64%-92%; P=.04). The difference was
not significant in the radial artery group
(on pump, 221/247; 89%; 95% CI, 86%-
93%; off pump, 17/19; 89%; 95% CI,
76%-100%; P� .99).

There was no difference in cost; the
mean (SD) cost of the hospital stay for
a patient with saphenous vein graft was
$47 560.30 ($38 523.10), and the mean
(SD) cost for a radial artery patient was
$49 390.40 ($30 352.70) (P=.51). There
were no significant differences in Health
Utilities Index scores at 3 months (mean
[SD] scores, saphenous vein, 0.67 [0.29];
radial artery, 0.64 [0.27]; P=.40) or 12
months (saphenous vein, mean [SD],
0.67 [0.29]; radial artery, 0.64 [0.27];
P=.23). Hand function measures at 12
months showed minimal decrease in
grip strength in the radial artery group
(mean difference between the arm where
radial artery graft was harvested and
other arm: before surgery, −4.9; 95% CI,
−6.1 to −3.6; 12 months after surgery,
−6.0; 95% CI, −8.6 to −3.5) and no dif-
ference in 9-hole peg test results (mean
difference between the arm where ra-
dial artery graft was harvested and other
arm: before surgery, 1.0, 95% CI, 0.5-
1.4; 12 months after surgery, 0.9; 95%
CI, 0.0-1.9).

COMMENT
One year after CABG, there was no dif-
ference in angiographic patency be-
tween radial artery grafts and saphe-

Table 3. Primary and Secondary Outcomes

Outcome Variable
Saphenous Vein Group

(n = 367)
Radial Artery Group

(n = 366)
P

Value

Primary Outcome
Graft patency at 1 year, No./total No. (%)a 239/269 (89) 238/266 (89) .82

Vessel to be bypassed, No./total No. (%)
LAD 35/41 (85) 30/36 (83) .81

CX 146/162 (90) 140/151 (93) .41

RCA 58/66 (88) 68/79 (86) .75

LIMA 221/228 (97) 217/230 (94) .18

Secondary Outcomes
Graft patency at 1 week, No./total No. (%)b 260/267 (97) 285/288 (99) .16

Death, No./total No. (%)c 7/367 (2) 9/366 (2) .61

MI, No./total No. (%)c 5/367 (1) 4/366 (1) �.99

Stroke, No./total No. (%)c 6/367 (2) 7/366 (2) .77

Repeated revascularization, No. (%)c
PCI to study graft 4 (1) 6 (2) .54

PCI to nonstudy graft 6 (2) 8 (2) .59

PCI to unknown graft 1 (0.3) 1 (0.3) �.99

CABG 0 0 �.99

Any PCI 11 (3) 15 (4) .42

Maximum % obstruction at 1 year, No. (%)a
0-24 212 (79) 186 (70)

25-49 2 (1) 5 (2)

50-74 12 (4) 10 (4)
.06

75-98 10 (4) 14 (5)

99 3 (1) 21 (8)

100 30 (11) 28 (11)

Intervention costs, mean (SD), $ (n = 6627)
Total CABG costs 47 560 (38 523) 49 390 (30 353) .51

Surgical costs 14 480 (10 972) 15 720 (11 502) .17

Health Utilities Index score, mean (SD)d
Baseline (n = 718) 0.67 (0.27) 0.64 (0.27) .16

3 mo (n = 610) 0.67 (0.29) 0.65 (0.30) .40

12 mo (n = 610) 0.67 (0.31) 0.64 (0.32) .23

Abbreviations: CABG, coronary artery bypass grafting; CI, confidence interval; CX, circumflex; LAD, left anterior descend-
ing artery; LIMA, left internal mammary artery; MI, myocardial infarction; OR, odds ratio; PCI, percutaneous coronary
intervention; RCA, right coronary artery.

aGrafts that were occluded at 1 week after bypass surgery were considered occluded at 1 year (radial artery group, 238/
266; 89%; 95% CI, 86%-93%; saphenous vein group, 239/269; 89%; 95% CI, 85%-93%; adjusted OR, 0.99; 95% CI,
0.56-1.74; P=.98). Although internal mammary artery patency was not a study end point, we do have data on 458 LIMA
grafts at 1 year with a patency rate of 96% (438/458).

bThere was no difference in 1-week patency between patients who received radial artery grafts (285/288; 99%; 95% CI,
97%-100%) vs saphenous vein grafts (260/267; 97%; 95% CI, 95%-99%).

cWithin 1 year of bypass surgery.
dScore range was −0.37 to 1; scores less than 0 represent a state worse than death, 0 represents death, and 1 represents

perfect health.
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nous vein grafts in men. Although most
clinicians assume that compared with
vein grafts, arterial grafts have an im-
proved patency rate, there are little
multi-institutional prospective data on
radial artery graft vs saphenous vein graft
patency.6-11 To date, the best data come
from the 2004 report of the RAPS Study,
which was funded by the Canadian In-
stitutes of Health Research. This pro-
spective randomized multicenter trial re-
ported improved 1-year patency of radial
artery grafts compared with saphenous
vein grafts (92% vs 86%).6 These re-
sults are different from ours because we
saw no difference in patency at 1 year.
One possible reason for this difference
is the improved saphenous vein graft pat-
ency in our study compared with the
RAPS study (89% vs 86%). Another pos-
sible reason is that in the RAPS study,
each patient had both study grafts (a ra-
dial artery and at least 1 saphenous vein)
while in our study, each patient had only
1 study graft with the surgeon choos-
ing the best recipient vessel for the study
graft. In theory our approach should
have resulted in the best chance for pat-
ency for each graft and an opportunity
to define the patient characteristics that
predict graft patency. Because each pa-
tient had only 1 study graft, we are also
able to separate the complications asso-
ciated with radial artery vs saphenous

vein harvesting. With catheterizations at
1 week and 1 year after surgery, we can
also separate the perioperative techni-
cal surgical problems from the patho-
physiology of disease progression over
1 year and have a known denominator
to define 1-year patency. Our data show
no difference in surgical or postopera-
tive complications between the grafts.

It is important to acknowledge that
despite similar patency rates, there was
more disease in the radial artery grafts
at 1 week and at 1 year. Although the
explanation for this difference is not
clear, there is clearly more spasm or
string sign in radial artery grafts. One
of the most important factors deter-
mining radial artery graft patency and
development of string sign is the de-
gree of stenosis in the native target ves-
sel. In our study we used more than
70% proximal stenosis as the entry cri-
terion for the study vessel. It is pos-
sible that vessels with more severe
proximal stenosis would have better ra-
dial artery graft patency rates. It is im-
portant to note that this study was con-
ducted predominantly in men; to our
knowledge, there is no literature that
focuses on radial artery grafts in women.

Our data show no differences in ra-
dial artery graft patency but show lower
vein graft patency when endoscopic
harvesting was used. Although our

number of patients is too small to pro-
vide a definitive answer, these results
are consistent with a report from the
PREVENT IV study12 that showed en-
doscopic vein harvesting was detrimen-
tal in vein graft patency. Our data show
no significant difference with on-
pump vs off-pump surgery for radial ar-
tery graft patency but show higher vein
graft patency on pump, consistent with
a recent report from the ROOBY trial.13

The radial artery can develop athero-
sclerosisandcalcification,especiallyinpa-
tients with diabetes. Although radial ar-
terygrafts indiabeticpatientswerefound
morelikelytobepatentat1yearaftercoro-
naryarterybypasscomparedwithsaphe-
nous vein grafts,9 our study found the
opposite tobetrue.Otherstudiesofcom-
plete arterial revascularizationappear to
favorarterialgrafts indiabeticpatientsde-
spitethispropensityforatherosclerosis,14

while in a recent trial, the use of a radial
as a second arterial conduit as opposed
to vein grafting did not confer a survival
benefit in diabetic patients.15 This unex-
pectedresult isperhapsrelatedtotheaug-
mentedradial vasoreactivityandathero-
scleroticdiseasecharacteristicofpatients
withdiabetes.Thesefindingsindicatethat
theradial arteryconduit advantagedem-
onstratedbyothers in thegeneralCABG
population may primarily be in patients
whodonothavediabetes.Longer follow-

Figure 2. Study Graft Patency at 1 Year After Surgery According to Selected Patient Characteristics
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upwillbenecessarytodeterminewhether
radial artery grafts are truly of benefit in
diabetic patients.

Among patients undergoing first-
time elective CABG, the use of a radial
artery graft compared with saphenous
vein graft did not result in greater 1-year
patency. Because the important ques-
tion is long-term patency, the VA Co-
operative Studies Program has funded
a 5-year angiographic follow-up of these
patients to define chronic graft pat-
ency in this population.
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