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Comparison of radial artery patency according to proximal
anastomosis site: Direct aorta to radial artery anastomosis is superior
to radial artery composite grafting

Sung-Ho Jung, MD,a Hyun Song, MD,a Suk Jung Choo, MD,a Hyung Gon Je, MD,a

Cheol Hyun Chung, MD,a Joon-Won Kang, MD,b and Jae Won Lee, MDa

Objective: The radial artery is frequently the second graft of choice after the left internal thoracic artery in cor-

onary artery bypass graft surgery. However, the optimal radial artery proximal anastomosis site remains contro-

versial. The aim of the present study was to compare the radial artery patency according to its use as either an

aorta–radial artery graft or composite radial artery graft in coronary artery bypass grafting.

Methods: A total of 1735 patients received coronary artery bypass grafting using the radial artery between

January 2001 and July 2007, of whom 893 received serial computed tomographic coronary angiographies; these

patients formed the basis of the current study. The patients were divided into 2 groups: group I (direct radial artery

to aortic anastomosis, n ¼ 451 patients) and group II (radial artery composite grafting with the left internal tho-

racic artery, n ¼ 442 patients). The number of distal radial artery anastomoses performed in group I was 657 and

749 in group II. Sequential bypassing was performed in 399 patients.

Results: The early patency rate was significantly higher in group I than in group II (98.3% vs 94.5%; P¼ .004).

The 1-, 2-, and 5-year patency rates were also higher in group I than in group II (93.8%� 1.2%, 90.5%� 1.6%,

and 74.3% � 6.1%, vs 90.5% � 1.4%, 85.3% � 1.9%, and 65.2% � 4.2%, respectively; P ¼ .004). Multi-

variate analysis showed composite grafting (P ¼ .02), the degree of target vessel stenosis<90% (P¼ .001), and

the target revascularization site (P ¼ .005) to be significant risk factors for occlusion.

Conclusion: The results of the current data showed superior early and late patency rates of coronary artery bypass

grafting with radial artery to aorta anastomosis compared with left internal thoracic artery–radial artery composite

grafting.
Left anterior descending (LAD) coronary artery bypass

grafting (CABG) with the left internal thoracic artery

(LITA) is regarded as the gold standard in coronary bypass

surgery.1 To overcome the purported higher failure rates of

saphenous vein grafts (SVGs), surgery with all arterial grafts

has been advocated whenever possible. The radial artery

(RA), which was used for the first time by Carpentier and

colleagues2 in 1971, was initially met with disappointing re-

sults, but with various methods to counter spasm such as en

bloc harvesting, the long-term outcome has improved signif-

icantly, with the RA currently being used as the second graft

of choice after the LITA in many institutions.3-5 However,

controversies regarding the optimal site of the proximal
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RA anastomosis remain6,7 because of prevailing arguments

supporting either direct anastomosis to the aorta or compos-

ite grafting, namely, with the LITA. In previous studies, the

radial proximal anastomosis site was reported to be inconse-

quential in affecting long-term patency as opposed to the

degree of target vessel stenosis and target territory by-

passed.5,8-10 Efforts to economize on the limited arterial

graft length and to achieve all arterial off-pump coronary ar-

tery bypass surgery (OPCAB) have led to the increased use

of the RA as a composite bypass graft. However, we hypoth-

esize that direct aortic anastomosis yields superior results to

the LITA-RA composite graft because of the higher drive

pressure and flow afforded by the direct aortic connection.

The aim of the current study was to assess the implications

of the proximal anastomosis site on the patency of RA grafts

in CABG. Follow-up assessments were made with multide-

tector computed tomographic (MDCT) coronary angio-

grams.

MATERIALS AND METHODS
A total of 2791 patients underwent CABG at Asan Medical Center be-

tween January 2001 and July 2007. Of these patients, RA grafts were

used in 1735 patients. The RA graft was the second arterial conduit of

choice after the LITA, except in patients with chronic renal failure. Patients

receiving concomitant procedures for valve disease, left ventricular recon-

struction, ascending aortic disease, or surgery for other congenital heart
gery c July 2009
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting

CT ¼ computed tomography

LAD ¼ left anterior descending

LCx ¼ left circumflex

LITA ¼ left internal thoracic artery

MDCT ¼ multidetector computed tomographic

OPCAB ¼ off-pump coronary artery bypass surgery

RA ¼ radial artery

RCA ¼ right coronary artery

SVG ¼ saphenous vein graft

disease were excluded. Patients with 2 proximal anastomoses (n ¼ 33, ie,

aorta and LITA) were also excluded to obtain a uniform study group. Pa-

tients receiving epicardial maze procedures, redo operations, and minimally

invasive direct coronary artery bypass procedures, however, were not ex-

cluded from the current study. A total of 1543 patients (576 in group I

and 967 in group II) were identified as meeting the study inclusion criteria.

Three other patients were also excluded because of poor computed tomog-

raphy (CT) image quality resulting from arrhythmia, lung atelectasis, and

severe obesity. The current study population was based on the remaining

893 patients in whom serial postoperative CT coronary angiograms were

performed. The study protocol was approved by the institutional review

board of Asan Medical Center, Seoul, Korea. The requirement for informed

patient consent was waived by the institutional review board because of the

retrospective nature of the current study.

Direct RA to aorta anastomosis was performed in 451 patients (group I;

aorta–RA) and LITA composite grafting in 442 patients (group II; compos-

ite graft). The number of RA distal anastomoses was 657 in group I and 749

in group II. The target territories were categorized as the LAD artery (LAD,

diagonal branch), the left circumflex (LCx) artery (obtuse marginal branch,

ramus intermedius), and the right coronary artery (RCA) territories (distal

RCA, posterior descending artery, posterolateral branch). The degree of tar-

get vessel stenosis was described as less than or greater than 90%.

The type of proximal anastomosis (aorta–RA or composite graft) was de-

termined by the distribution of coronary artery disease, the state of an as-

cending aortic disease, the graft length, and the surgeon’s preference.

Surgical Techniques
Surgery was conducted by 1 of 5 adult cardiac surgeons. The surgeons

varied in their operative techniques regarding the mode of RA proximal

anastomosis (ie, aortic anastomosis under cardioplegic arrest vs anastomosis

after aortic side clamping), the use of the pump (ie, conventional vs OP-

CAB), and the mode of bypass (ie, sequential vs individual grafting). All

surgeons had a minimum surgical experience of more than 500 coronary ar-

tery bypass procedures before the study. The left RA was harvested in right-

handed individuals, and vice versa, whenever possible. A modified Allen

test, which was routinely performed preoperatively, was complemented

by oxygen saturation assessment in the RA territory using a digital oximeter

thumb probe. Failure of a normal tracing to reappear with the ulnar artery

reopening after bilateral forearm artery compression-induced obliteration

of the normal oxygen saturation curve was considered as a state of inade-

quate collateral circulation. In most cases, the RA was dissected en bloc

as a vascular pedicle together with the satellite veins using a harmonic scal-

pel. Harvesting from the forearm was done only after adequate systemic

heparinization was achieved. The distal RA coronary anastomoses were per-

formed with continuous 8-0 polypropylene sutures. The Y- or T-graft anas-

tomoses between the RA and the LITA were performed with continuous 7-0

polypropylene sutures either to the pleural or thoracic aspect of the LITA,
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where its course was noted to enter the pericardial space anterior to the

left atrial appendage. The RA aortic anastomosis was performed with con-

tinuous 6-0 or 7-0 polypropylene sutures after creating a 3.5-mm circular

(single-use aorta/vein punches, Scanlan International, St Paul, Minn) punch

defect.

Antispasm Protocols
Radial artery spasm immediately after harvesting was treated with gentle

papaverine topical application and intraluminal flushing. As a further mea-

sure, calcium channel blockade was performed with continuous intravenous

administration of diltiazem at a dosage of 1 mg/kg/min in the operating the-

ater and intensive care unit. Diltiazem was continued orally for at least 6

months postoperatively.

Other Postoperative Medication
For platelet inhibition, aspirin 100 mg and clopidogrel 75 mg (during 6

months) were administered daily as soon as patients were extubated. Anti-

coagulation with heparin or warfarin was not performed routinely but only

in the presence of atrial fibrillation or after coronary endarterectomy.

Follow-up Coronary Computed Tomographic
Angiography

Coronary CT angiogram was performed with a 16-channel MDCT (So-

matom Sensation 16, Siemens Medical Solutions, Forchheim, Germany) be-

fore November 2006 and then replaced with a dual-source CT (Somatom

Definition, Siemens Medical Solutions) thereafter. The latter machine,

which is an upgraded version of the 64-channel MDCT, has a superior

time resolution by a factor of 2. Patients were routinely scheduled for fol-

low-up coronary CT angiography 1 week postoperatively before discharge.

In the presence of nonoliguric renal dysfunction or failure defined as a cre-

atinine level more than 1.4 g/dL, coronary CT angiograms were performed

after preprocedural N-acetylcysteine medication and appropriate hydration

in consenting patients only. However, in patients with normal renal func-

tion, routine follow-up coronary CT angiograms were performed at 6

months postoperatively, 1 year later, and every 2 years thereafter, whenever

possible. In the event of a new-onset angina, however, coronary CT angio-

gram was performed immediately.

The status of graft patency was divided into 1 of 3 descriptive imaging

categories; patent, faint (ie, visualization but some stenosis or spasm), or

nonvisualized (ie, total occlusion). In sequential bypass grafts showing non-

visualization from inflow site to the side-to-side anastomosis while showing

patency beyond the side-to-side anastomosis, we assessed the proximal por-

tion to be occluded while maintaining that the distal portion to be patent. All

coronary CT angiograms were reviewed by a single experienced radiologist.

Data Analysis
Data are expressed as mean � standard deviation for continuous vari-

ables and as numbers with percentages for categoric variables. Paired and

unpaired Student t tests were used to determine intra- and intergroup

differences between mean values for continuous variables, as appropriate.

Patency rates were estimated using the Kaplan–Meier method, and inter-

group comparison was performed using log-rank tests. Cox-regression anal-

ysis and the Cox proportional hazard model were used for graft occlusion

risk factor analysis. Statistical Package for the Social Sciences software

14.0 (Korean version; SPSS, Inc, Chicago, Ill) was used for statistical

analysis.

RESULTS
Data of a total of 1543 patients who met the inclusion cri-

teria were as follows. The mean age was 61.5� 0.5 years in

group I and 61.9 � 8.4 years in group II (P ¼ .39). OPCAB
Cardiovascular Surgery c Volume 138, Number 1 77
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was performed in 26% of patients (150/576) in group I and

42.6% of patients (412/967) in group II (P< .0001). The

mean number of grafts (3.3 � 0.9 in group I vs 3.7 � 1.0

in group II, P < .0001) and the number of arterial grafts

(2.6 � 0.8 in group I vs 3.1 � 0.9 in group II, P< .0001)

were greater in group II. Early mortality was 0.8% for the

entire cohort (5/576 in group I vs 8/967 in group II, P ¼
.932) and the incidence of postoperative complications,

such as stroke and need for intraaortic balloon pump inser-

tion, were 0.9% (4/576 in group I vs 10/967 in group II,

P ¼ .588) and 1.6% (11/576 in group I vs 13/967 in group

II, P ¼ .385).

Study Populations
The patients in both groups showed similar preoperative

demographics (ie, age, serum creatinine levels, similar inci-

dence of diabetes mellitus, systemic hypertension, and pre-

operative intraaortic balloon pump insertion). However,

there were more men, OPCAB surgeries, and sequential by-

passing in group II than in group I. The left ventricular func-

tion in group I was slightly better than in group II. The total

number of grafts and arterial grafts used were higher in

group II than in group I. However, both groups had a similar

degree of target vessel stenosis and target territories supplied

with the RA. By site, the LCx territory was the most fre-

quently bypassed with the RA (Table 1).

Early and Late Graft Patency
Early postoperative coronary CT angiograms were per-

formed in 1044 distal RA anastomoses (531 in group I and

513 in group II). The RA was nonvisualized in 1.7% (7/

531) of group I patients and 5.5% (25/513) of group II pa-

tients (P ¼ .004), and a similar proportion of RA grafts in

the 2 groups were classified as being ‘‘faint’’ (Table 2).

Thus, the overall early patency rate was superior in group I

compared with group II. The RA graft patency rates for the

entire cohort were 92.2% � 0.9%, 87.9% � 1.2%, and

69.1% � 3.5% at 1, 2, and 5 years, respectively, and when

stratified by the study groups they were 93.8% � 1.2%,

90.5% � 1.6%, and 74.3%� 6.1%, respectively, in group

I and 90.5% � 1.4%, 85.3% � 1.9% and 65.2% � 4.2%,

respectively, in group II (P ¼ .004, Figure 1).

Nonvisualization was regarded as occlusion. In group I,

however, 2 of 7 occluded grafts became patent later, and

in group II, 5 of 25 occluded grafts showed such changes

on serial CT coronary angiography. These patients were

later added to the group of patients assessed as having patent

grafts.

Risk Factors for Graft Occlusion
Analyses of risk factors for graft occlusion were per-

formed on patient demographics, preoperative cardiac func-

tion, target vessel stenosis, bypassed territory, mode of

surgery, and technique used (eg, site of proximal anastomo-
78 The Journal of Thoracic and Cardiovascular Sur
sis, OPCAB vs conventional CABG vs on-pump beating

heart surgery, sequential vs individual anastomosis). Uni-

variate analysis showed OPCAB (P ¼ .021) to be a signifi-

cant risk factor for occlusion with superior results being

noted in group I patients compared with group II patients

(Figure 2). Composite grafting (P¼ .005), the degree of tar-

get vessel stenosis less than 90% (P ¼ .001), and the target

territory bypassed (LCx territory [P ¼ .004] and RCA terri-

tory [P ¼ .004]) also were significant risk factors for occlu-

sion (Figure 3, A and B). Sequential bypassing, however,

was not (P¼ .494). Multivariate analysis showed composite

grafting, degree of target vessel stenosis less than 90%, and

target territory bypassed to be significant risk factors for

graft occlusion (Table 3) but not OPCAB.

DISCUSSION
Studies indicate LITA anastomosis to the LAD coronary

artery correlates best with survival benefit and long-term pa-

tency.1 Although the SVG has traditionally been the second

graft of choice, studies have consistently reported inferior

long-term results of vein grafts relative to the LITA con-

duit.11 As an alternative to the LITA, a recent report by Col-

lins and colleagues12 indicated superior patency with the RA

grafts compared with the SVGs at the 5-year angiographic

follow-up. However, to date, the evidence is scant for resolv-

ing the issue of which graft conduit is superior.13 By leaving

the relative merits aside, the use of the RA has several advan-

tages, including the ease and rapidity of harvesting, ability to

secure suitable conduit length for bypassing almost any cor-

onary artery territory, potentially superior adaptability to

high arterial pressures, calibers that match most coronary ar-

teries, and ease of handling because of the relatively thicker

nature of the muscular arterial wall.14 In the seminal study by

Carpentier and colleagues2 in which the RA was anasto-

mosed to the aorta (ie, aorta–RA), the angiographic studies

showed excellent outcomes.3,4 However, Calafiore and col-

leagues6 have argued that RA grafts anastomosed directly to

the ascending aorta may be particularly susceptible to devel-

oping fibrous intimal hyperplasia because of the direct ef-

fects of the high aortic wall stress. By the same logic,

LITA composite grafting may be expected to result in re-

duced RA wall stress by avoiding direct exposure of the cen-

tral arterial pressure. Contrasting study results, however,

have shown the site of the proximal anastomosis to not

have any significant influence on either the early or late pa-

tency rates;5,8,10,15 instead, the patency of RA grafts was re-

ported to be more closely related to the target territory

bypassed and the degree of target vessel stenosis.7,9 In the

current study, it was hypothesized that the influence of direct

RA aortic anastomosis would not only be well tolerated but

also exert a positive influence through the higher aortic drive

pressure. The RA is by nature a systemic arterial conduit,

and therefore most likely to be well suited to withstand the

rigid mechanical conditions of the arterial environment
gery c July 2009
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and the direct flow of the aorta. Furthermore, the higher

pressure and flow conditions afforded by the aorta–RA

anastomosis may act favorably to overcome the forces of

competition-induced RA occlusion, to which the RA is espe-

cially susceptible.9,10 Therefore, from this perspective, the

RA-aortic anastomosis may provide a more advantageous

hemodynamic environment over the weaker flow conditions

of the LITA-RA composite graft. In keeping with these argu-

ments, the early and late results of group I in the present

study were superior to those of group II under similar condi-

tions of preoperative demographics, degree of target vessel

stenosis, and target territories bypassed.

To assess the influence of competitive flow, we compared

the graft patency between the 2 groups using a proximal tar-

get stenosis of 90% or more as cutoff for defining critical

stenosis (ie, �90 or<90%). With 90% or more proximal

stenosis, graft patency between the 2 groups was similar

(P ¼ .286), but with target stenosis less than 90% the

patency rate was better in group I compared with group II

TABLE 1. Preoperative demographic and clinical data

Group I

(n ¼ 451)

Group II

(n ¼ 442)

P

value

Age (y) 61.7 � 8.3 61.9 � 8.5 .618

Sex (male, %) 318 (71%) 348 (79%) .006

Diabetes mellitus 153 (34%) 148 (34%) .887

Systemic hypertension 236 (53%) 214 (49%) .127

Ejection fraction (%) 57.5 � 10.0 55.4 � 11.4 .003

�35% 4.8% (21/442) 6.7% (29/436) .224

Total graft 3.4 � 0.9 3.6 � 1.0 <.001

Arterial graft 2.6 � 0.8 2.9 � 0.9 <.001

OPCAB 126 (28%) 211 (48%) <.001

Sequential RA anastomosis 139 (31%) 260 (59%) <.001

Preoperative IABP insertion 16 (4%) 10 (3%) .431

Serum creatinine level 1.0 � 0.6 1.0 � 0.3 .737

No. of distal anastomoses 660 750

Target location .401

LAD 227 (35%) 233 (31%)

LCx 356 (54%) 428 (57%)

RCA 75 (11%) 87 (12%)

Distal RCA 13 4

PDA or PL branch 62 83

Target stenosis .264

<90% 245 (51%) 248 (49%)

90%–100% 240 (49%) 239 (51%)

OPCAB, Off-pump coronary artery bypass surgery; IABP, intraaortic balloon pump;

LAD, left anterior descending artery territory; LCx, Left circumflex artery territory;

RCA, right coronary artery territory; PDA, posterior descending artery; PL, posterolat-

eral; RA, radial artery.

TABLE 2. Early patency rates according to the anastomosis number

Patent Faint Nonvisualization* Total

Group I 482 (90.6) 42 (7.6) 7 (1.7) 531

Group II 450 (87.4) 38 (7.1) 25 (5.5) 513

Total 932 (89.3) 80 (7.7) 32 (3.1) 1044

Numbers in parentheses represent percentages. *P ¼ .004.
The Journal of Thoracic and
(P ¼ .047) (Figure 4). These results suggest the influence

of flow competition on long-term RA graft patency.

There were more bypasses and arterial bypasses in group

II than in group I. This may be attributed to the increased ten-

dency to perform sequential bypassing with the LITA RA

composite grafts. The use of the RA composite graft has

been driven in part by the desire to achieve all arterial OP-

CAB with the ‘‘no touch technique.’’ Although OPCAB

per se was not found to be a significant risk factor for graft

occlusion on multivariate analysis, the negative influence

of composite grafting (Figure 2) was reflected in the rela-

tively inferior graft patency in group II versus group I. De-

spite such potential disadvantages, the OPCAB LITA RA

composite grafting is currently widely advocated for its

stroke-reducing potential. In the current study, however,

the necessity for aortic side clamping in the aorta–RA group

did not result in a greater incidence of stroke or other related

complications, as anticipated.

In regard to the influence of territory bypassed, previous

studies reported the RCA territory to demonstrate the poor-

est results.8,9 RA bypassing to the RCA territory was also

identified as a risk factor for graft occlusion in the current

study. In RCA territory, the diameter of distal RCA is usu-

ally larger than that of PDA or posterolateral branch. Inter-

group (group I vs group II) and intragroup (distal RCA vs

PDA or posterolateral branch) comparisons of bypass graft

patency according to bypassed sites along the RCA territory

(ie, distal RCA, PDA, and posterolateral branch) showed no

significant differences. These findings may be partially at-

tributed to the small number of grafts bypassed, especially

to the distal RCA of the RCA territory, to demonstrate any

significant site-specific differences. Therefore, further stud-

ies with a larger patient cohort may be necessary for

a more definitive difference.

FIGURE 1. Comparison of patency rates between groups I and II using

log-rank tests.
Cardiovascular Surgery c Volume 138, Number 1 79
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In addition, RA bypass to the LCx artery territory was asso-

ciated with a significantly higher risk of graft occlusion com-

pared with bypassing to the LAD territory (Figure 3, B). This

may be due to differences in the distal runoff between the 2 by-

pass territories favoring the LAD because it is usually the

larger vessel with more branches, that is, multiple septal perfo-

rators and diagonal branches resulting in coverage of a larger

territory and a collectively lower vascular resistance.16

The target vessel diameter is an important factor affecting

patency. We usually bypassed coronary arteries with the di-

ameters equal to 1.5 mm or greater. In the present study,

however, because the data on the target vessel diameter

were incomplete and tended to be subjective, we did not in-

vestigate it as a risk factor for graft patency.

In the present study, the 1- and 5-year patency rates for all

patients were 92% and 65%, respectively. Although the

1-year patency rate was comparable to that of other reports,

the 5-year patency rate was apparently lower than the

FIGURE 2. Comparison of patency rates between groups I and II in terms of

conventional CABG (A) and OPCAB (B) procedures. CABG, Coronary artery

bypass graft surgery; OPCAB, off-pump coronary artery bypass surgery.
80 The Journal of Thoracic and Cardiovascular Sur
reported 83% to 91% patency rate of other studies.3,4,17,18

This may be attributed in part to the disparities in the study

design between different studies. Studies in which the late

follow-up imaging was performed mostly in symptomatic

patients showed a 5-year patency rate similar to the present

study.8 Although there was little difficulty in securing early

postoperative coronary CT angiograms, obtaining later fol-

low-up CT angiograms was more difficult, especially in

asymptomatic patients and those patients with longer fol-

low-up periods. Therefore, the coronary CT angiograms in

the present study tended to be carried out in more symptom-

atic patients with a higher likelihood of showing graft-

related problems. Studies have shown the graft patency

rate in symptomatic patients to be approximately 15% to

20% lower than that of asymptomatic patients.11

FIGURE 3. Long-term patency rates according to the target stenosis (A)

and target territory (B). LAD, Left anterior descending artery territory;

LCx, left circumflex artery territory; RCA, right coronary artery territory.
gery c July 2009
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TABLE 3. Risk factor analysis for graft occlusion

Univariate analysis Multivariate analysis

Hazard ratio (CI) P value Hazard ratio (CI) P value

Composite graft 1.67 (1.17–2.38) .005 1.61 (1.08–2.41) .02

OPCAB 1.523 (1.067–2.176) .021 — —

Sequential anastomosis 1.13 (0.80–1.59) .495 — —

LVEF (%) 1.015 (0.996–1.033) .117 — —

Age (y) 0.99 (0.97–1.01) .204 — —

Territory .008 .005

LAD Reference

LCx 2.22 (1.29–3.83) .004 2.437 (1.254–4.734) .009

RCA 2.60 (1.35–5.02) .004 3.583 (1.667–7.699) .001

Target stenosis<90% 1.99 (1.34–2.97) .001 2.021 (1.353–3.021) .001

OPCAB, Off-pump coronary artery bypass surgery; LVEF, left ventricular ejection fraction; LAD, left anterior descending artery territory; LCx, left circumflex artery territory; RCA,

right coronary artery territory; CI, confidence interval.
A
C

The patency rate of the non-RA grafts, that is, LITA (n ¼
872 patients, 97.6%) and SVG (n ¼ 535 patients, 59.9%),

were also analyzed. The 1-, 2-, and 5-year patency rates of

LITA at 97.5%, 96.5%, and 93.3% were superior to that

of either the RA graft or the SVG at these intervals, which

showed patency rates of 86.4%, 77.9%, and 60.2%, respec-

tively. The SVG in turn showed inferior patency to that of

the RA graft.

The LITA and SVG patency rates, which were lower in

the present study compared with the reported results of other

studies, may be attributed to the use of coronary CT angiog-

raphy rather than direct coronary angiography as the imag-

ing modality for patency assessment. The decline in

patency, especially in the latter part of the follow-up, may

be due to a general tendency to perform follow-up imaging

studies in consenting patients and symptomatic patients,

which showed an increase with each year.

According to the current study, RA bypassed to subcriti-

cally stenotic target vessels (<90%) and composite grafting

were identified as risk factors for graft failure. Direct aortic

anastomosis seemed especially important for bypassing

subcritically stenotic target vessels, provided the RA graft

length was adequate.

The quality of MDCT imaging has advanced rapidly, with

a current resolution of approximately 500 mm.19 Although

selective angiography remains the gold standard, the quality

of MDCT imaging has improved sufficiently for it to be

comparable to selective angiography in detecting significant

vascular stenosis or occlusion for the purposes of the current

study. Advantages of MDCT include its noninvasive nature,

its rapidity, and the need for less radiation compared with

conventional angiography.19 For detection of more than

50% stenoses on a per-segment basis, the dual-source CT

showed a sensitivity, specificity, positive predictive value,

and negative predictive value of 88%, 98%, 78%, and

99%, respectively.20,21 Furthermore, because there was no

selection bias in the present study between the 2 groups

with regard to the follow-up coronary CT angiogram, we
The Journal of Thoracic and
believe the results of the CT angiograms provide a valid in-

tergroup comparison.

Study Limitations
Nonrandomization of patient selection was a major weak-

ness of the current study. The decision for selecting the prox-

imal RA anastomosis site was based on several factors;

surely surgeon preference was a major determinant, but

more important, the disease severity of the ascending aorta,

graft length, and distribution of the target vessels were some

of the important reasons. The discrepancy in the number of

distal anastomoses between the composite group and the

aorta RA group seems to be attributed to the need to maxi-

mize the number of anastomoses that can be made with

the RA graft because the length gained by the LITA compos-

ite grafting may facilitate sequential anastomosis. It is

conceivable that multivessel disease requiring multiple

bypasses may result in a lower left ventricular ejection frac-

tion with multiple bypass requirements. However, the rela-

tively limited length of the RA may not be amenable to

sequential bypassing by proximally anastomosing with the

aorta. Therefore, composite grafting performed with sequen-

tial bypassing in mind may coincidentally have occurred

with greater frequency in patients with a relatively lower

ejection fraction and, subsequently, higher allocation to

RA composite grafting.

The greater incidence of composite grafting in the patients

undergoing OPCAB may be driven by a desire to perform

a no-touch technique and avoid ascending aortic manipula-

tion, especially when diseased, which in both cases would

necessitate composite grafting with the LITA. For these rea-

sons, patient selection for OPCAB and sequential anastomo-

ses may seem biased influence on graft patency, but

multivariate analysis adjusting for these and other factors

did not show OPCAB and sequential bypassing to have

a direct effect on the overall patency of RA grafts.

The severity of the target stenosis was derived from visual

assessment and not quantitative angiography. Although
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using the RA graft was usually avoided in patients with end-

stage renal disease requiring hemo- or peritoneal dialysis, it

was sometimes used in patients with non-oliguric chronic

renal dysfunction. Coronary CT angiogram imaging was

also frequently avoided in patients with non-oliguric chronic

renal dysfunction or acute renal failure to prevent high

postoperative contrast dye burden. Therefore, postoperative

renal function and patient consent were prerequisites to

performing postoperative coronary CT angiograms. Conse-

quently, the presence of these factors limited the perfor-

mance of routine follow-up CT angiograms in a large

proportion of the patients who were initially identified as

being potential candidates for the current study.

The patients in the earlier part of this study underwent CT

analysis with 16-channel MDCT and later transitioned to

FIGURE 4. Comparisons of patency rates between groups I and II accord-

ing to the target vessel stenosis. Target vessel stenosis 90% or more (A) and

less than 90% (B).
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64-channel analysis with improvement in the coronary CT

angiogram image quality. Although still inferior to conven-

tional coronary angiogram,19 16- and 64-channel CT show

similar degrees of accuracy in determining graft and native

coronary artery patency by our radiologists. Moreover, cor-

onary CT angiogram was found to have adequate power as

a diagnostic tool for evaluating graft patency status indepen-

dently of the proximal anastomosis site.

CONCLUSIONS
Direct aorta to RA bypass grafting results in significantly

superior early and late patency rates compared with compos-

ite grafting. Therefore, careful consideration of the potential

implications for reduced graft durability before RA compos-

ite grafting seem warranted, especially when bypassing less

than critically stenotic right or circumflex territories.
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