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Angiographic predictors of 3-year patency of bypass grafts implanted
on the right coronary artery system: A prospective randomized
comparison of gastroepiploic artery, saphenous vein, and right
internal thoracic artery grafts
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Objective: Saphenous vein, in situ right gastroepiploic artery, and right internal thoracic artery grafts are
routinely used to revascularize the right coronary artery. Little is known about the predictive value of objective
preoperative angiographic parameters on midterm graft patency.

Methods:We prospectively enrolled 210 consecutive patients undergoing coronary revascularization. Revascu-
larization of the right coronary artery was randomly performed with the saphenous vein grafts in 81 patients and
the right gastroepiploic artery in 92 patients. During the same study period, 37 patients received right coronary
artery revascularization with the right internal thoracic artery used in a Y-composite fashion. All patients under-
went a protocol-driven coronary angiogram 3 years after surgery. Preoperative angiographic parameters in-
cluded minimum lumen diameter percent stenosis measured by quantitative angiography. A graft was
considered ‘‘not functional’’ with patency scores of 0 to 2 and ‘‘functional’’ with patency scores of 3 or 4.

Results: Angiographic follow-up was 100% complete. A significant difference in the distribution of flow
patterns was observed in the 3 groups. In multivariate analysis, the use of a saphenous vein graft was associated
with superior graft functionality compared with the other conduits (odds ratio, 6.1; 95% confidence interval,
2.4–15). Graft function was negatively influenced by the minimum lumen diameter (odds ratio, 0.11; confidence
interval, 0.05–0.25). In the right gastroepiploic artery and right internal thoracic artery groups, the proportion of
functional grafts was higher when the minimum lumen diameter was below a threshold value in the third min-
imum lumen diameter quartile (0.64–1.30 mm).

Conclusions: Preoperative angiography predicts graft patency in the right gastroepiploic artery and right inter-
nal thoracic artery, whereas the flow pattern in saphenous vein grafts is significantly less influenced by quanti-
tative angiographic parameters. (J Thorac Cardiovasc Surg 2011;142:980-8)
The choice of graft to revascularize the right coronary artery
(RCA) territory remains controversial. Four potential con-
duits are suitable to revascularize the RCA: saphenous
vein graft (SVG), right gastroepiploic artery (RGEA), radial
artery (RA), and right internal thoracic artery (RITA). Each
of these conduits has theoretic advantages and disadvan-
tages. The SVG is readily available and easy to use, but it
has a natural attrition leading to 50% of occlusion at 10
years.1 The RGEA is an in situ arterial conduit, but it
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necessitates a laparotomy and is sensitive to the competitive
flow.2 The RA is an arterial conduit with good proven pa-
tency to the RCA system3; however, it is highly prone to
spasm and sensitive to competitive flow.4,5 The RITA is
the best theoretic graft because of its specific biological
features.6 Unfortunately, the patency results of the in situ
RITA to the RCA are significantly lower compared with
the left coronary system.7

The superiority of one conduit compared with another de-
pends not only on its intrinsic characteristics but also on the
ability to tolerate residual coronary flow. Increased compet-
itive flow is a well-known risk factor for reduced graft
patency. Arterial graft function is sensitive to the degree of
residual coronary flow. The functional rates of the RA and
RGEA are highly dependent on the degree of stenosis of
the native vessel, and their use remains limited partially be-
cause of sensitivity to competitive flow.4,5,8,9 Likewise, the
functionality patency of the RITA used in a Y-composite
fashion decreases when grafted to the RCA.10

To address the question of the ideal graft for the RCA, we
prospectively analyzed 3 types of conduits: RGEA, RITA in
a Y-composite configuration, and SVG. We analyzed the
ery c November 2011
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Abbreviations and Acronyms
MLD ¼ minimum lumen diameter
RA ¼ radial artery
RCA ¼ right coronary artery
RGEA ¼ right gastroepiploic artery
RITA ¼ right internal thoracic artery
SVG ¼ saphenous vein graft

Glineur et al Acquired Cardiovascular Disease

A
C
D

predictive value of objective preoperative coronary angio-
graphic parameters on the 3-year graft functionality.
MATERIALS AND METHODS
Patients

FromApril 2003 to July 2006, 1297 consecutive patients underwent iso-

lated bypass surgery in the Cliniques Universitaire St Luc. Contemporane-

ously, 2 prospective randomized studies were performed (Figure 1).

In the first study, we compared the SVGwith the RGEA to revascularize

the distal RCA.11 A total of 360 patients met the entrance criteria for ran-

domization (Table 1), and 236 patients were randomized. Among those 236

patients, 173 had a preoperative angiogram suitable for biplane quantitative

angiographic analysis and 3 years angiographic follow-up, and are included

in the present study. RCA grafting was performed with an RGEA in 92 pa-

tients and with an SVG in 81 patients. Four patients initially allocated to the

SVG group were excluded for protocol deviation; in these cases, the sur-

geon decided to deviate from the assigned revascularization strategy in fa-

vor of the RGEA group.

In the second randomized controlled trial, we compared 2 types of bilat-

eral internal thoracic artery revascularization: in situ versus Y-composite.12

A total of 481 patients met the entrance criteria for randomization (Table

1), and 304 patients were actually randomized. Among those, 152 were al-

located to the Y-composite group and 40 of them had a distal RITA grafted

to the distal RCA (posterior descending or posterolateral). Thirty-seven pa-

tients of this subgroup had a preoperative angiogram suitable for biplane

quantitative angiographic analysis and 3 years angiographic follow-up.

These patients are included in the present study.

Inclusion and exclusion criteria were nearly identical in both studies

(Table 1). Patients’ basal demographic and clinical characteristics are

shown in Table 2. The RGEA, RITA, and SVG were harvested and grafted

as previously described.13,14 The RGEA diameter was measured

preoperatively with a probe. We used the RGEA graft only if at least

a 1.5-mm probe could be passed in the RGEA.

This measurement was performed only to avoid very small RGEAs with

poor flow. The RCAwas systematically grafted distally to the bifurcation

on the posterior descending artery or the posterolateral branch (posterior

lateral artery) to revascularize the RCA distal territory with a single graft.

All patients underwent a systematic angiographic control at 6 months and 3

years after coronary artery bypass grafting. The study protocols received

institutional ethics committee approval. All patients gave informed consent

at the time of bypass surgery and before the angiographic investigations.

Data Analysis
Preoperative angiograms were analyzed with the CAAS II system (Pie

Medical, Maastricht, The Netherlands) as previously described.15 The min-

imum lumen diameter (MLD), percent diameter stenosis (%), and refer-

ence diameter of the native RCA were measured in 2 near orthogonal

projections, and the mean value of these measurements was considered

for statistical analyses. All pre- and postoperative angiograms were inde-

pendently reviewed by 2 investigators, and discrepancies in patency scores
The Journal of Thoracic and Ca
were reviewed by a third investigator and resolved by consensus. All inves-

tigators were blinded to the experimental conditions.

Graft functionality was scored as 0 for an occluded graft, 1 when the

flow from the native coronary artery was dominant, 2 when flow supply

from the native coronary and the graft was balanced, 3 when the native cor-

onary was fully opacified by the graft, and 4 when the native coronary was

fully opacified by the graft only (occluded or suboccluded coronary native

vessel). A graft was considered ‘‘not functional’’ with patency scores of

0 to 2 and ‘‘functional’’ with patency scores of 3 or 4. The regional wall

motion of the inferior wall was defined as normal, hypokinetic, or akinetic

on the preoperative angiogram or echocardiogram. The run-off was graded

according to the extent of the coronary territory beyond the stenosis on the

diagnostic angiogram: incomplete when only 1 branch, either posterior de-

scending or posterolateral, and complete when the postero-descending and

the posterolateral territory were subject to revascularization.

Statistical Analysis
Data are expressed as mean � standard deviation. To compare the

preoperative characteristics of the experimental and control groups, chi-

square and t tests were used for categoric and continuous variables, respec-

tively (Table 2). To study the relationships among MLD, percent stenosis,

and graft function, variables MLD and percent stenosis were transformed

into 4-degree ordinal variables on the basis of the approximate quartiles

of their respective distributions. Recoding was justified by the extreme

skewness of data distribution. For MLD, boundaries were 0 mm (first quar-

tile), 0.645 mm (median), and 1.3 mm (third quartile), resulting in

a 4-degree MLD with values 0, 1, 2, and 3 corresponding to 0, 0.01 to

0.645, 0.646 to 1.30, and greater than 1.30 mm, respectively. For percent

stenosis, boundaries were 48% (first quartile), 65% (median), and 100%

(third quartile), resulting in a 4-degree percent stenosis with values

0 ¼ 0% to less than 50%, 1 ¼ 50% to less than 73%, 2 ¼ 73 to less

than 100%, and 3 ¼ 100%. Mantel–Haenszel chi-square test was used

to test the associations between graft function and type of graft, 4-degree

MLD, and 4-degree percent stenosis. Multiple logistic regression modeling

was then performed to obtain a parsimonious, clinically soundmodel. All P

values are 2-tailed. SAS software (version 9.1, SAS Institute Inc, Cary, NC)

was used to perform the statistical analysis.
RESULTS
Preoperative characteristics of the RCA lesion shown in

Table 2 did not differ among the 3 groups. Furthermore,
the subgroup of patients taken from each randomized con-
trolled trial was similar to other patients in the trial with re-
spect to all preoperative risk factors. At the 3-year
angiographic follow-up, the rate of occluded graft for
RGEA (13%), RITA (22%), and SVG (7%) was statisti-
cally significant (P ¼ .05). The difference between the pro-
portions of functional RGEA (65%), RITA (68%), and
SVG (86%) was statistically significant (P ¼ .004). The
proportion of functional RGEA and RITA grafts was
strongly dependent on the severity of the RCA stenosis
(Tables 3 and 4). Only 10% of the RGEA and 11% of the
RITA grafts were functional when the MLD of the RCA
was in the highest quartile (>1.30 mm). Conversely, only
a weak association between MLD or percent stenosis and
the function of SVG was observed, indicating the
presence of an interaction between MLD or percent
stenosis and the type of graft. Figures 2 and 3 show the
interaction between MLD and type of graft.
rdiovascular Surgery c Volume 142, Number 5 981



126 Non Randomized

1297 isolated CABG 03/2003-08/2006

360 Eligible 

244 Randomized

122 Randomized 
To SVG

122 Randomised 
to RGEA

6 patients excluded 
for protocol violation

116 received SVG 122 received RGEA

177 Non Randomized

481 Eligible

304 Randomized

152 Randomized 
to BITA In Situ

152 Randomised 
to BITA Y

5 patients excluded 
for protocol deviation

147 Randomized 
to BITA In Situ

152 Randomised 
to BITA Y

SVG vs RGEA In situ BITA vs Y BITA

81 pts with preoperative 
angiogram suitable 
for analysis and 3 years
angiographic follow-up 

92 pts with preoperative 
angiogram suitable 
for analysis and 3 years
angiographic follow-up 

37 pts with preoperative 
angiogram suitable 
for analysis and 3 years
angiographic follow-up 

FIGURE 1. Flow chart of the study. CABG, Coronary artery bypass grafting; RGEA, right gastroepiploic artery; SVG, saphenous vein graft; BITA, bilateral

internal thoracic artery.
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In the multiple logistic regression modeling strategy, in-
teraction terms were then introduced under the form of
cross-products (MLD 3 type of graft, and percent
stenosis 3 type of graft). The following variables were en-
tered: type of graft (RGEAvs SVG vs RITA), MLD, percent
stenosis, the 2 interaction terms, run-off, and regional wall
motion. The results are shown in Table 5. MLD and
MLD 3 SVG interaction terms were significantly associ-
ated with graft function, whereas SVG was not significant.
No association was observed between graft function and the
regional wall motion of the RCA territory or the run-off of
TABLE 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Angiographic evidence of severe

(>70% by visual estimate)

coronary obstruction on the

RCA territory

History of upper abdominal surgery

Elective procedure History of upper gastrointestinal

bleeding, active gastric or

duodenal ulcer

Isolated CABG Body mass index>35

Diabetes with HbA1c>7.5.

FEV1<60% predicted value

Age<75 y and life expectancy

>5 y

Redo surgery

Perioperative lumen diameter of

the RGEA>1.5 mm

Cirrhosis

Other configuration than graft to

posterior descending artery or

posterior lateral artery

CABG, Coronary artery bypass grafting; FEV1, forced expiratory volume in 1 second;

HbA1c, hemoglobin A1C; RCA, right coronary artery; RGEA, right gastroepiploic

artery.
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the RCA graft. The strongest association was observed for
MLD. Separate logistic regression models for SVG and ar-
teries are presented in Table 6. The MLD, when tested in
this model, was not a significant predictor of graft function
for the SVG, whereas for arteries it was significantly asso-
ciated with the graft function.

When the population is divided into 4 equivalent groups
by severity of the RCA stenosis assessed by MLD and by
percent stenosis, the mean patency score of RGEA and
RITA decreases abruptly in the quartiles corresponding to
the less severely obstructive RCA disease. In contrast, the
influence of MLD and percent stenosis of the RCA on the
patency score of SVG is significantly less pronounced and
completely disappears when the MLD is adjusted to percent
stenosis. The threshold values for a best separation of func-
tional and nonfunctional RGEA and RITA are an MLD of
1.1 mm and a percent stenosis of 55% (Table 4). In contrast,
no threshold values can be established for the SVG, the pro-
portion of functional grafts remaining 70% or more in the
higher MLD quartiles. The proportion of functional graft
above this threshold of 1.1 mm in the arteries and SVG
groups was 85% and 90%, respectively. At less than 1.1
mm, the respective functionality was 92% for the arteries
and 89% for the SVG.
DISCUSSION
This study shows that in patients randomly treated with

an RGEA, a RITA, or an SVG for a stenosis of the RCA,
the proportion of grafts found occluded on systematic
3-year angiographic control is significantly in favor of the
SVG. The functionality is significantly more affected by
the angiographic characteristics of the grafted RCA for
ery c November 2011



TABLE 2. Basal demographic and clinical characteristics, and

preoperative right coronary artery stenosis characteristics

RITA

(n ¼ 37)

RGEA

(n ¼ 92)

SVG

(n ¼ 81)

P

value

Male 32 80 75 .95

Age (y) 62.9 � 8.3 61.9 � 8.3 63.1 � 7.7 .55

Hypertension 28 82 76 .76

Smokers 18 61 45 .59

Diabetic 11 27 24 .99

High cholesterol 27 82 71 .78

Previous infarction 13 37 40 .59

Obesity 9 52 50 .06

PVD 2 11 15 .27

euroSCORE

(additive)

2.4 � 1.9 (2.5) 2.5 � 1.9 (2.1) 2.8 � 2 (2.6) .20

LEF<30% 0 5 1 .14

RCA stenosis

Mean MLD

(mm)

0.66 � 0.83 0.81 � 0.78 0.81 � 0.85 .65

Median MLD

(mm)

0 0.80 0.72 .36

MLD

interquartile

range

1.24 1.32 1.50

Mean % stenosis 77 � 27.2 71.3 � 25.5 71.1 � 27.2 .54

Median %

stenosis

100 65.0 67.0 .71

% stenosis

interquartile

range

45 48 52.0

euroSCORE, European System for Cardiac Operative Risk Evaluation; LEF, left ejec-

tion fraction; MLD, minimum lumen diameter; PVD, peripheral vascular disease;

RCA, right coronary artery; RGEA, right gastroepiploic artery; RITA, right internal

thoracic artery; SVG, saphenous vein graft.
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arteries (RGEA and RITA) than for SVG. Consequently,
most SVGs, but only a small proportion of RGEAs and RI-
TAs, remain functional when the MLD of the RCA is more
than 1.1 mm. These findings confirm our initial report at the
6-month angiographic follow-up.16 MLD measurement is
a better tool then the percentage of stenosis to predict the
functionality of the graft. In this 3-year follow-up, we also
found that the RITA graft is as sensitive as the RGEA to
competition flow.

For the last 30 years, the success of coronary artery by-
pass grafting has been assessed by the ‘‘patency’’ of grafts,
TABLE 3. Proportions of graft by functional classification

Score 0:

occluded graft

n (%)

Score 1: dominant

flow from the native

coronary artery

n (%)

Score 2: balance

supply from the

coronary artery a

the graft n (%

RGEA 12 (13) 8 (9) 11 (12)

RITA 8 (22) 2 (5) 2 (5)

SVG 5 (7) 0 6 (7)

RGEA, Right gastroepiploic artery; RITA, right internal thoracic artery; SVG, saphenous v

The Journal of Thoracic and Ca
predominantly using the FitzGibbon classification.17 This
system was appropriate for a period when the predominant
bypass conduit was the saphenous vein. SVGs are mini-
mally reactive and as such can be classified as either patent
or not. The increasing use of arterial conduits represents
a paradigm shift in bypass surgery. In contrast with vein
grafts, arterial grafts are dynamic. Flow patterns are influ-
enced by arterial tone and competitive flow. As such, we
sought to define a classification system more representative
of the functional status rather than the anatomic patency of
the graft: Graft functionality is scored as 0 for an occluded
graft, 1 when the flow from the native coronary artery is
dominant, 2 when flow supply from the native coronary
and from the graft is balanced, 3 when the native coronary
is fully opacified by the graft, and 4 when the native coro-
nary is fully opacified by the graft only (occluded or suboc-
cluded coronary native vessel). A graft was considered ‘‘not
functional’’ with patency scores of 0 to 2 and ‘‘functional’’
with patency scores of 3 or 4.
The functionality score evaluated flow pattern through

graft and native vessel in a resting condition. It is possible
that exercise could affect this score by favoring flow
through the graft or native vessel. However, it seems un-
likely that exercise would greatly affect this score because
the relative contribution of graft and native vessel to distal
perfusion is a function of aortic pressure and resistance
through the graft or stenosed native coronary artery. The
change in aortic pressure during exercise will equally affect
the graft and native vessel. There is no reason to believe that
resistance will change differently in the graft or native cor-
onary artery during exercise.
Our findings suggest that the classic methodology for

assessing the severity of target vessel stenosis, namely, per-
centage stenosis by visual inspection, may be inappropriate
when considering the use of arterial conduits.18 We have
demonstrated that the MLD correlates better with arterial
graft functionality than the percent stenosis. We believe
this measure is a more relevant quantification of the degree
of competitive flow, which is known to be a critical determi-
nant in long-term arterial graft functionality. Although
quantitative angiography has been extensively used in inter-
ventional cardiology for many years to better demonstrate
the indications and appreciate the results of percutaneous
interventions, little is known about the influence of
d flow

native

nd from

)

Score 3: native coronary

fully opacified by the graft

n (%)

Score 4: native coronary

opacified by the graft only

n (%)

17 (18) 44 (48)

7 (19) 18 (49)

40 (50) 29 (36)

ein graft.
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TABLE 4. Three-year graft function according to angiographic

characteristics of the grafted coronary vessel

Grafted RCA

RITA

(37 patients)

RGEA

(92 patients)

SVG

(81 patients)

MLD (mm) Functional grafts, n (% of MLD category)

0 20 (100) 38 (97) 33 (94)

0.01–0.645 1 (100) 3 (100) 6 (86)

0.645–1.30 3 (42) 17 (59) 14 (82)

>1.3 1 (11) 2 (10) 17 (77)

% stenosis

100 20 (100) 38 (97) 33 (94)

99–73 1 (50) 4 (100) 5 (83)

72–50 3 (43) 4 (52) 15 (88)

<50 1 (12) 2 (11) 17 (74)

RGEA, MLD: Mantel–Haenszel chi-square (1 df) ¼ 44.4, P<.0001. RITA, MLD:

Mantel–Haenszel chi-square (1 df) ¼ 24.1 P<.0001. SVG, MLD: Mantel–Haenszel

chi-square (1 df) ¼ 3.5, P ¼ .06. MLD, Minimum lumen diameter; RCA, right coro-

nary artery; RGEA, right gastroepiploic artery; RITA, right internal thoracic artery;

SVG, saphenous vein graft.
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quantitative angiographic parameters of coronary vessels
on the outcome of coronary bypass grafts.

Hadinata and colleagues19 described the RAPCO trial re-
sults for RCA revascularization at 8 years. They found that
the degree of coronary stenosis did not significantly influ-
ence the patency of the SVG. Hadinata and colleagues
found that when the RA was grafted on native vessels
with medium stenosis (<80% stenosis) versus grafted on
a coronary vessel with severe stenosis (>80% stenosis)
the patency was 64.7% versus 93.3%, although they did
not present information on the size or MLD of the RCA.

Suma and colleagues8 described the 8-year angiographic
follow-up of the in situ RGEA. They concluded that if a suit-
able target coronary artery with a good anastomosis is se-
lected, the in situ gastroepiploic artery graft can be
expected to be a reliable arterial conduit for the long
term. They also did not give any specific indication of the
coronary target vessel stenosis to increase the RGEA
functionality.

Previous angiographic follow-up studies of RGEA have
suggested that the graft patency may be affected by the ste-
nosis of the recipient RCA, most likely as a result of com-
petitive flow.4,5 The evaluation of stenosis severity was
based on visual interpretation of postoperative coronary
angiogram at the time of angiographic follow-up. In the
present study, the evaluation of RCA stenosis severity was
done on preoperative angiogram to eliminate the possible
influence of coronary remodeling secondary to changes in
native coronary flow pattern after surgery.

Several factors could contribute to the greater predictive
value of RCA stenosis severity on the flow pattern of RGEA
and RITA. Compared with an SVG, which is directly anas-
tomosed to the ascending aorta and can be considered as
a first branch off of the aorta, the in situ RGEA is the fourth
branch originating from a visceral system. This more distal
984 The Journal of Thoracic and Cardiovascular Surg
origin from a complex branching arterial system together
with a lumen diameter usually smaller than that of venous
grafts may contribute to a lower flow capacity of RGEA
compared with SVG. Intraoperative measurements of pres-
sure waveforms at the tip of an RGEA have shown that
mean diastolic pressure is significantly lower than in the as-
cending aorta and than at the tip of a thoracic artery graft.20

We have previously demonstrated that a Y-graft configu-
ration with a free RITA attached to an in situ left internal
thoracic artery allows adequate revascularization of the
whole left coronary system with an even distribution of per-
fusion pressure in both distal branches and minimal resis-
tance to maximal blood flow.21 We also found that
a RITA used in a Y configuration has an increased risk of
competitive flow compared with the in situ graft.10 The
mechanism of competitive flow is more complex than that
in the individual graft in which the interaction is only be-
tween the proximal inflow and the distal anastomosis out-
flow. In such sequential composite bypass, the interaction
is also between all the anastomosed branches within the
composite graft. This leads to a phasic delay between the
pressure wave in the grafts and in the coronary arteries, es-
pecially in the more distal ones, such as the RCA.

Alternative strategies for use of the RITA include in situ
or reimplanted in the aorta. Buxton and colleagues22 found
that RITA to non–left anterior descending arteries had
a higher risk of failure. The highest risk ratio of occlusion
was associated with grafting the RCA. For this purpose,
we prefer to use both internal thoracic arteries targeted to
the left coronary system. Buxton and colleagues concluded
that proximal attachment to the aorta compared with in situ
RITA grafts resulted in a 2-fold increase in the risk of graft
failure compared with an in situ graft.
ery c November 2011



%
 d

ia
m

et
er

 s
te

no
si

s
%

 d
ia

m
et

er
 s

te
no

si
s

%
 d

ia
m

et
er

 s
te

no
si

s

M
IL

D
 m

m
M

IL
D

 m
m

M
IL

D
 m

m

RGEA
RGEA

RITA RITA

SVG SVG

Functionality score Functionality score

Functionality scoreFunctionality score

Functionality score Functionality score

FIGURE 3. Relationship between patency scores of the analyzed grafts (SVG, RGEA, RITA) and MLD (left) and percent stenosis (right) of the grafted

RCA. The box ends are Tukey’s hinges; the whiskers are at the largest and smallest values that are not outliers or extremes, which are defined as 1.5 and 3.0

interquartile ranges from the hinges.MLD,Minimum lumen diameter; RGEA, right gastroepiploic artery; RITA, right internal thoracic artery; SVG, saphe-
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TABLE 5. Multiple logistic regression analysis of maximum likelihood

estimates

Variables

Beta

estimate

Standard

error

Wald

chi-square

P

value OR 95% CI

MLD �2.2 0.42 27.05 <.0001 0.11 0.05–0.25

SVG �1.9 1.12 2.86 .09 0.15 0.02–1.35

MLD* SVG 1.7 0.50 11.29 .0008 5.48 2.03–14.77

CI, Confidence interval; MLD, minimum lumen diameter; OR, odds ratio; SVG, sa-

phenous vein graft. *�2 log likelihood (intercept only)¼ 241.5.�2 log likelihood (in-
tercept and covariates) ¼ 140.8. Hosmer–Lemeshow goodness-of-fit test: chi-square

(4 df) ¼ 0.64, P ¼ .96.
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Shah and colleagues23 found a significant interaction be-
tween proximal anastomosis of the RITA and coronary ste-
nosis, indicating that the association between patency and
coronary stenosis varied according to whether the proximal
end was in situ or anastomosed to the aorta.23 The stenosis
effect was minor for aorta grafts, but large and statistically
significant for in situ RITA grafts.

Study Limitations
This study was an analysis of 2 nested cohorts from 2 pro-

spective randomized trials. Although we demonstrated that
the nested cohorts were similar to the remainder of patients
recruited in both trials and that the 3 groups did not differ in
preoperative risk factors, this was not a true randomized
controlled trial. As such, the possible influence of unknown
confounders may exist. To address this concern, we used
multivariate logistic regression to adjust for possible differ-
ences. Patients were analyzed using a per-protocol analysis
rather than the intention-to-treat principle.

CONCLUSIONS
Quantitative angiographic analysis of preoperative an-

giograms provides useful information in selecting the
most appropriate bypass conduit in patients who are candi-
dates for coronary bypass grafting of the RCA. An MLD
more than 1.1 mm predicts an unfavorable flow pattern
and poor functionality in RGEA and RITA used in a com-
posite fashion, but not in an SVG. On the basis of systematic
3-year angiographic data, we recommend that in stenosis of
TABLE 6. Separate logistic regression models for saphenous vein

graft and arteries

Variables

Beta

estimate

Standard

error

Wald

chi-square

P

value

OR

(95% CI)

SVG*

MLD �0.5 0.62 3.3 .07 0.60 (0.35–1.04)

Arteriesy
MLD �2.2 0.42 27.1 <.001 0.11 (0.05–0.25)

CI, Confidence interval; MLD, minimum lumen diameter; OR, odds ratio; SVG,

saphenous vein graft. *�2 log likelihood (intercept only)¼ 64.4,�2 log likelihood (in-
tercept and covariates) ¼ 60.7, Hosmer–Lemeshow goodness-of-fit test: chi-square

(2 df) ¼ 0.21, P ¼ .9. y�2 log likelihood (intercept only) ¼ 165.6,�2 log likelihood

(intercept and covariates) ¼ 80.1, Hosmer–Lemeshow goodness-of-fit test: chi-

square (2 df) ¼ 0.74, P ¼ .69.
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intermediate severity (MLD>1.1 mm) the SVG should be
used preferentially to graft the RCA system. However,
when the preoperative MLD is below a threshold of 1.1
mm, an arterial conduit (RGEA or RITA) should be
preferred.
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Discussion
Dr Joseph Sabik (Cleveland, Ohio). My first question has to do

with your graft patency scoring. A graft graded as 2 when blood
flow from the native coronary artery and bypass graft is balanced
was considered to be nonfunctional. I believe this flow pattern sug-
gests that the bypass graft is functioning fine. Why did you decide
to characterize these grafts with balanced flow as nonfunctional,
and if you considered these grafts as functional, would it change
your conclusion?

My second question is that you have shown in this article and in
others the importance of MLD and that it is a better surrogate for
competitive flow than coronary artery stenosis. However, as you
know, the cardiology community has learned that visual angio-
graphic inspection alone is not always the best way to decide
when to revascularize a coronary artery and that the addition of
physiologic assessment is beneficial. As you all know, the recent
Fractional Flow Reserve Versus Angiography for Multivessel
Evaluation (FAME) study compared visual angiographic assess-
ment with and without fractional flow reserve (FFR) to guide
coronary artery stenting, and in the randomized group that had
FFR-guided coronary stenting, the patient outcomes were better.
Your study relied only on visual inspection. Can you speculate
how physiologic assessment of coronary stenosis might affect
your outcomes, and is this a practice that we should demand
from our cardiologists before coronary revascularization?

My final question has do with the length of follow-up. This
study was done for 3 years, and as you point out, SVGs are
more likely to be functional than arterial grafts at 3 years. As we
all understand, SVG failure is progressive because of the develop-
ment of atherosclerosis, and SVG atherosclerosis accelerates after
5 years. Arterial graft failure is early because of competitive flow.
By understanding that the timing and mechanism of failure of ar-
terial and vein grafts are different, is 3 years enough follow-up to
draw any conclusions on how to best revascularize the RCA? Is it
possible that in the long run, arterial grafts may be better?

Dr Glineur. To respond to your first question, when I looked at
the graft with a balanced flow in the gastroepiploic arteries group,
this represents 20 patients’ flow, and I thought, well, there must be
an explanation to this balanced flow. Therefore, I asked the radiol-
ogist to realize an echo Doppler of the gastroepiploic artery 6
months later, when a balanced flow was observed at the systematic
angiographic follow-up. At the first echo, we observed a balanced
The Journal of Thoracic and Ca
flow immediately after we proposed a fatty meal to the patient,
and, surprisingly, at the second Doppler the flow was going toward
the abdomen (splanchnic resistance lower). Before the third echo,
we then asked the patient to do a 6-minute walk test and after we
observed that the flow was increasing (myocardial resistance
lower). So I don’t think we can say that it is a normally functioning
graft in this situation, and I am still convinced that the objective of
the surgery is to have a fully antegrade flow into the graft.

For the second question, I completely agree with you that today,
if possible, we have to use the FFR. I think the FFR is a better tool
to assess the lesion severity and to demonstrate if the lesion is sig-
nificant or not. Unfortunately, when you look in the surgical liter-
ature on studies on FFR, there is only 1 article that looked at the
impact of the FFR on graft patency. But the number of grafts
was small, so it is difficult to draw conclusions. I agree with you
that if we want to increase our excellent results with coronary ar-
tery bypass grafting, we have to make sure that our evaluation of
the stenosis severity is better, and the best way of doing that is
to use FFR.

Now, concerning the third question. What is going to happen
with all this balanced flow and dominant flow of the RCA in the
arterial group? I am actually comparing the 6-month follow-up
with the 3-year angiographic follow-up in the group of patients
with grafts with a functional category of 2 or 3 to see whether there
is an angiographic difference between the 2 controls. If we find that
all grafts that had a reverse or balanced flow at 6 months are
occluded at 3 years, then we will conclude that we have to avoid
using arterial grafts in this setting. For grafts in categories 3 and
4 with excellent results, I think they will last longer than a saphe-
nous vein. So I think that 3-year systematic angiographic follow-
up (not angiographic follow-up in cases of angina symptoms) is
sufficient to draw a conclusion on what the graft is going to be after
10 years.

Dr Valavanur Subramanian (New York, NY). There is an ex-
cellent correlation between the native quantitative coronary angi-
ography of the native coronary artery proximal to the coronary
graft anastomosis and the functionality of the graft. In the early
days of minimally invasive direct coronary artery bypass, we
used a quantitative coronary angiographic analysis of the anasto-
mosis to correlate the functionality of the graft. Perhaps some of
the flow problems you describe may be related to the coronary ar-
tery anastomosis, especially technically challenging gastroepi-
ploic artery anastomosis.

So do you have any data on the MLD of the coronary artery
proximal and distal to the anastomosis, and is there is any stenosis
in the toe, waist, and heel of the anastomosis, which may explain
some of the findings in your study?

Dr Glineur. No, we didn’t look at that.
DrLokeswara Sajja (Hyderabad, India).My question to you is

regarding the site of the coronary anastomosis. Did you compare
the patency of the graft in relation to the site of anastomosis,
whether it is the distal RCA or the posterior descending artery?

Dr Glineur. In our logistic regression model, we included the
sites of the anastomosis on the RCA, but this did not have a signif-
icant factor on the graft functionality. We also looked at the re-
gional wall motion, if the patient had an infarct or not, and the
run-off, but none of the parameters were found to influence the
functionality of the graft.
rdiovascular Surgery c Volume 142, Number 5 987
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Dr ThorstenWahlers (Cologne, Germany).Have you seen dif-
ferences depending on the territory of the vessel that was ap-
proached, whether it was the proximal, middle, or distal artery?

DrGlineur.No, we found no correlation between the site of the
anastomosis on the RCA and the functionality of the graft. Of
course, when you use a gastroepiploic artery or a right thoracic
in a Y-graft configuration, you systematically go to the distal
branch of the RCA. A vein can go proximally on the RCA. But
we did not find any correlation between the site of the anastomosis
and the functionality of the graft.

DrOttavio Alfieri (Milan, Italy).Youmade this observation af-
ter 3 years. What do you expect in the long run?

DrGlineur. I think we have clearly modified our decisional tree
for the strategy of revascularization, and today if we apply what I
have said in the conclusion with an MLD less than 0.7 mm using
arteries, the results in the long term are going to be perfect because
you won’t have any competitive flow or balanced flow. Of course,
when you have anMLDmore than 1.1 mm in a 55-year-old patient
and you use a vein, you know that 10 to 15 years later the vein has
a 50% to 60% chance to be occluded or very diseased. But unfor-
tunately, if you put something else in, then it won’t work. So I
don’t think today there is another solution.

DrR.Morton Bolman (Boston, Mass).Can we assume you see
no role for the RA in this paradigm?

Dr Glineur. We don’t use systematically RAs, but I think for
a young patient with contraindications with bilateral thoracic
grafting, using the left thoracic to the left anterior descending
and the RA to the RCA is a good solution. But the problem with
the RA, it is a muscular, spastic artery. It has been demonstrated
988 The Journal of Thoracic and Cardiovascular Surg
several times that there is high competition flow with this artery.
But I think the RA reacts exactly as the gastroepiploic artery. So
I would only use it if the MLD is less than 0.7 mm. I would cer-
tainly not use it if the MLD is more than 1.1 mm, because I think
you are going to have competition flow leading to graft occlusion.

Dr Bolman. What about the degree of proximal stenosis in the
coronary artery to be bypassed? Is that important in deciding
whether or not to use the radial as a conduit?

Dr Glineur. I think so, yes.
Dr Jehangir Appoo (Calgary, Alberta, Canada). Do you think

the results would be the samewith an in situ RITAversus a compos-
ite RITA?

Dr Glineur. We don’t use the right thoracic artery to the distal
right, mainly because we think that the right thoracic artery has to
be mainly focused for the lateral wall of the heart. Both thoracic
arteries go to the left coronary system, and we prefer to use another
graft for the right coronary system. But the major problem with the
in situ right thoracic to the proximal right is, first of all, the discrep-
ancy between the size of the right thoracic artery and the size of the
RCA. So, of course, if a 55-year-old man receives a 3.5-mm right
thoracic to a 3-mm RCA graft, I think that is a good operation, but
if you have a 55-year-old woman with a very small right thoracic
artery, you are going to have a huge discrepancy between the prox-
imal RCA and the right thoracic artery. So for that purpose, we
don’t do that operation. Concerning the difference of competition
flow between the in situ versus composite grafting, we have dem-
onstrated in previous work that the use of a composite graft to the
right coronary territory led to higher competition flow than the in
situ grafting. This finding is only true for the RCA.
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