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ABSTRACT

ARTICLE HISTORY

Objectives. To determine risk factors for radial artery and saphenous vein graft occlusion during long-term
follow-up after coronary artery bypass grafting (CABG). Methods: From a cohort of 119 patients who had
received a radial artery graft, 76 — of whom 55 also had at least one saphenous vein graft — underwent a
preplanned direct angiography and anthropometric, biochemical, and endothelial function assessment
7.6-12.1 (mean 8.9) years after CABG. Comorbidity, medication, and smoking habits were also recorded.
The association between these parameters and conduit longevity was analyzed in univariable and multi-
variable logistic regression models. Results: Radial artery graft occlusions were associated with higher
plasma levels of high-sensitive C-reactive protein and patency was best among patients with pharmaco-
logically treated hypertension. The sole independent risk factor identified for saphenous vein graft occlu-
sion was tobacco smoking 8-12years postoperatively. Conclusion: Our data support the contention that
the pathogenesis of radial artery graft failure is distinct from vein graft disease and is related to hyperten-
sion status and systemic inflammation. These risk factors are potential targets for preventive measures.
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Accordingly, the study supports the eventual design of personalized secondary prevention regimens.

Clinical registration number: ISRCTN23118170

Introduction

To secure an optimal outcome after coronary artery bypass
surgery, conduit selection and design of the secondary pre-
ventive regimen should be customized according to each
patient’s susceptibility to graft failure. Therefore, we need
precise knowledge about modifiable risk factors. These would
best be identified and quantified by prospective monitoring
of broadly characterized patient cohorts with high follow-up
rates and no clinically driven selection bias. Long-term graft
patency should be evaluated by the gold-standard method;
direct angiography. The Radial Artery BypAss GrAft Study of
Tromse (RABAGAST) was designed accordingly to compare
the radial artery and saphenous vein as alternatives to com-
plement internal mammary artery grafting [1,2]. Our studies
show that the patency of radial artery and saphenous vein
bypasses were similar per protocol angiographies after 2-3 as
well as after 8-12years. We here report independent risk fac-
tors for occlusion for the two graft types.

Materials and methods

The study protocol encompasses all 119 patients revascular-
ized with radial artery grafts, mostly in combination with

internal mammary (93%) and saphenous vein (71%) grafts,
at The University Hospital North Norway from April 4th,
2001 to October 7th, 2003. The patient characteristics, treat-
ing institution, surgical approach, ethics approval, compu-
terized data analysis, and per protocol assessments of graft
patency have been described [1,2]. Skeletonized saphenous
vein and pedicled radial artery grafts were harvested using
an open technique and soaked in 0.9% NaCl with 30%
autologous blood, papaverine 0.6mg/ml and heparin
0.5U/ml.

7.6-12.1 years postoperatively, 76 patients were subjected
to direct angiography solely for the study purpose [2]. These
represented 64% of the original cohort and 74% of those
alive, as 17 were deceased, 6 had contraindications to the
procedure (impaired renal function, 4; previous stroke, I;
contrast agent hypersensitivity, 1), and 20 declined. At the
follow-up, fasting blood samples and urine were collected
and analyzed by the standard methods of our hospital’s
laboratory except for plasma adiponectin which was quanti-
fied with an enzyme-linked immunosorbent assay at the
Hormone laboratory of Oslo University Hospital. The diam-
eters of the radial artery not harvested for grafting and the
ipsilateral brachial artery were measured with an Acuson
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Sequoia ultrasonographic apparatus (Siemens, Malvern, PA)
before and after near-maximal exercise with hand grippers.
The endothelial function represented by the digital pulse
amplitude was assessed with an Endo-PAT2000 device
(Itamar-Medical, Caesarea, Israel) as described [3].
Information about co-morbidity, medication, and smoking
habits was obtained from the hospital records, patient inter-
views, and questionnaires by patients and their primary
care physicians.

Parameters linked to atherosclerosis or graft disease were
tested for a potential association with long-term conduit
patency. The reason for also including endothelial function
assessment was our experience that 2-3years postopera-
tively, radial artery graft patency was negatively associated
with diabetes mellitus whereas angiotensin converting
enzyme (ACE)-inhibitors appeared protective (1). We
included anthropometric data (radial and brachial artery
size and body mass index) since the female gender was asso-
ciated with early radial artery graft failure, suggesting that
vessel dimensions might influence the outcome.

Statistical computation was performed with SAS software
(Cary, NC). Logistic regression models were used to esti-
mate unadjusted odds ratios (ORs) for each independent
variable and to estimate ORs in a multivariable model. Due
to the low number of events, we restricted the multivariable
models to only include two independent variables. The two
strongest independent variables were retained in each
model, using a forward selection procedure.

Results

The occlusion rates of the radial artery and saphenous vein
grafts have previously been shown to be similar (0.18 and
0.16, respectively) after a mean of 8.9years [2]. Failure of
one type of graft was not linked to the failure of the other,
as the pattern of graft occlusions was very close to that of a
random distribution (Figure 1). Radial artery bypass occlu-
sion was associated with elevated levels of plasma high sen-
sitivity C-reactive protein (hsCRP), diastolic blood pressure,

%

Concordance: occlusion of radial artery and vein grafts

Concordance: no occlusion of radial artery and vein grafts

and absence of treatment for hypertension, whereas saphe-
nous vein graft occlusion was linked to smoking (Table 1).
No relation to graft longevity was found regarding endothe-
lial function, vascular dimensions or body size. By multi-
variable logistic regression analysis, hsCRP independently
predicted radial artery graft occlusion, as did smoking for
saphenous vein grafts (Table 2).

According to guidelines, measures to maintain vein graft
patency include platelet inhibition, lipid-lowering and smok-
ing cessation [4]. At the 8-12years follow-up, the vast
majority of patients were on a statin and a platelet inhibitor
(Table 1). Only two had a plasma low density lipoprotein
(LDL) level below the recommended limit of 1.4 mmol/L [5]
(data not shown). The proportion of smokers was moder-
ately reduced from 0.36 to 0.29 over the 8-12 postoperative
years. The proportion using calcium channel blockers,
which may sustain radial artery graft patency [6], was 0.96
at discharge and 0.38 and 0.30 at 2-3 and 8-12years,
respectively ([1], Table 1).

Discussion

Elevated levels of hsCRP, a marker of systemic inflamma-
tion, predict cardiovascular events [7-9] and have been
linked to saphenous vein graft failure [10-12]. Our finding
of elevated hsCRP as an independent risk factor for radial
artery graft occlusion is novel and suggests that this conduit
is vulnerable to inflammatory mediators, possibly CRP itself
which is known to impact endothelial function, vascular
smooth muscle cells and monocytes [11]. Inflammation is a
modifiable risk factor in patients with coronary artery dis-
ease as treatment with a monoclonal antibody targeting
interleukin-1f improved the outcome after myocardial
infarction [13]. Therefore, if reproduced in other studies,
the implication of the RABAGAST trial that inflammatory
mediators harm radial artery grafts identifies chronic
inflammation as a potential new target for preventive meas-
ures after surgery. Larger cohorts with a substantial number
of rheumatic patients appear suitable to further explore the

Discordance: occlusion of radial artery but not vein graft

Discordance: occlusion of vein but not radial artery graft

(

38
W Observed
M 8 BExpected if randomly distributed
OExpected if completely correlated
7
) 10 20 30 40 50

Number of patients

Figure 1. Independent long-term patency of radial artery and saphenous vein grafts. Angiographic results obtained solely for the study purpose are shown for
patients who received combined radial artery and saphenous vein grafting during coronary bypass surgery 7.6-12.1 (mean 8.9) years before. The observed concord-
ance and discordance of the radial artery and saphenous vein graft occlusions are shown together with the patterns expected if occlusion of these graft types
were either entirely causatively linked (100% concordance) or resulted from completely independent processes (concordance and discordance distributed as pre-
dicted solely by the occlusion rates of each graft type). The observed pattern resembles that of a random distribution (P = 1.0 Fisher's exact test).
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Table 2. Factors independently associated with long-term radial artery or saphenous vein graft occlusion.

Graft
Radial artery Saphenous vein

OR (95 % CI) P OR (95 % Cl) P
Variable
High sensitivity C-reactive protein 2.35 (1.24, 4.44) .008
Cholesterol 0.41 (0.12, 1.42) .16
Hypertension ever treated 0.14 (0.03, 0.62) .010
Tobacco smoker 8-12years postoperatively 6.02 (1.19, 30.6) .030

A multivariable logistic regression analysis was performed in order to identify independent risk factors for graft occlusion as determined by direct angiography
7.6-12.1 (mean 8.9) years after coronary artery bypass surgery with a radial artery graft. The analyses were based on anthropometric, biochemical, and vascular
assessments together with data for comorbidity, medication, and smoking habits (Table 1). Preoperative target vessel occlusion might influence graft patency
[2] and was also included as a dichotomous variable. Those two variables with the highest level of significance in the univariable analysis were entered into the
binary logistic regression models. OR: Odds ratios (ORs are per standard deviation for continuous variables) for the association between the parameter indicated
and angiographically determined occlusion of at least one bypass of the type indicated among the 76 patients, of whom 55 also had at least one saphenous

vein graft. 68 values were missing (1.9%).

putative link between chronic inflammation and radial
artery graft failure.

We found radial artery graft patency to be better among
patients treated for hypertension. This may be due to the
properties of antihypertensive medication, being in accord-
ance with the observations that calcium channel blockers
apparently prevent radial artery graft failure [6] and ACE-
inhibitors (prescribed mainly for hypertension) were inde-
pendently associated with radial artery graft patency at the
2-3years follow-up of the RABAGAST cohort [1]. Such
effects have not generally been observed for vein grafts.

Our data corroborate the well-established link between
saphenous vein graft failure to tobacco smoking [14]. More
notable is the high vein graft longevity among our patients
despite their unfavorable lipid profile. LDL drives graft
degeneration which in turn is mitigated by statin therapy,
most effectively when the plasma LDL concentration is
extensively lowered [4,15,16]. The vast majority of our
patients were long-time statin users and - although they
may have fared even better with higher statin doses - they
probably benefitted from statin effects besides lipid level
reduction, such as inhibition of neointimal formation,
smooth muscle proliferation, and inflammation [16,17].

In order to avoid potential confounders related to
patient, treatment, and evaluation variables, the two graft
types were compared in the same patient with the same
method at the same time. Given the high follow-up rate and
an evaluation protocol not driven by clinical events, selec-
tion bias should be minimal. Therefore, our finding that
occlusion of the radial artery and vein grafts occurred inde-
pendently is robust and consistent with the contention that
the two graft types fail to dissimilar pathogenic mechanisms.
Underpinning this notion is the unique sensitivity of radial
artery grafts to the degree of target vessel stenosis [18]
which was evident also in the RABAGAST trial; all arterial
grafts anastomosed to a proximally occluded vessel main-
tained long-term patency [2]. Importantly, the data implicat-
ing specific predictors for graft occlusion should be
interpreted cautiously as the number of observations is
small. Moreover, we did neither measure the dimensions of
bypassed vessels, since intraoperative probing might inflict
endothelial damage nor quantify the stenoses, as fractional

flow reserve measurements were not routinely available. A
limitation of this study is that these target vessel properties
might be differentially distributed among saphenous vein
and radial artery targets and thus confound the relative
patency rates.

Conclusion

The RABAGAST trial confirms and extends the understand-
ing that radial artery and vein grafts are differentially sus-
ceptible to various mediators of graft occlusion. For both
types of conduits, a defined set of risk factors are potential
targets for preventive measures. Accordingly, ours and simi-
lar studies combined should ultimately guide graft selection
and the design of secondary prevention regimens tailored to
the individual patient.
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