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AbstractAbstractAbstractAbstract    

    

Background:Background:Background:Background:    We used a large patient-level dataset including six angiographic randomized trials 

(RCTs) on coronary artery bypass conduits to explore incidence and determinants of coronary 

graft failure. 

    

Methods:Methods:Methods:Methods:    Patient-level angiographic data of six RCTs comparing long-term outcomes of the radial 

artery and other conduits were joined. Primary outcome was graft occlusion at maximum follow-

up. The analysis was divided as follows: 1) left anterior descending coronary (LAD) distribution, 2) 

non-LAD distribution (circumflex and right coronary artery). To identify predictors of graft 

occlusion, mixed model multivariable Cox regression including all baseline characteristics with 

stratification by individual trials was used.  

    

ResultsResultsResultsResults::::    1091 patients and 2281 grafts were included (921 left internal mammary arteries, 74 

right internal mammary arteries, 710 radial artery and 576 saphenous veins; all left internal 

mammary arteries were used on the LAD, the other conduits were used on the non-LAD 

distribution; mean angiographic follow up: 65±29 months). Occlusion rate was 2.3%, 13.5%, 

9.4%, 17.5% for the left internal mammary arteries, right internal mammary arteries, radial 

artery and saphenous veins, respectively. At multivariable analysis type of conduit used, age, 

female gender, left ventricular ejection fraction<50% and use of the Y graft were significantly 

associated with graft occlusion in the non-LAD distribution.  

    

ConclusionsConclusionsConclusionsConclusions::::    Our analyses showed that    failure of the left internal mammary arteries to LAD 

bypass is a very uncommon event. For the non-LAD distribution, the non-use of radial artery, 

age, female gender, left ventricular ejection fraction<50% and use of the Y graft configuration 

were significantly associated with mid-term graft failure. 

    

    

    

Key words: Key words: Key words: Key words: CABG, patency, radial artery    
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Although the relationship between graft status and clinical outcome is less clear than usually 

accepted,(1) it seems reasonable to say that the primary goal of coronary bypass grafting (CABG) 

operations is long-term patency of the bypass grafts. 

Despite the five decades history of CABG surgery and the fact that it is the most common cardiac 

surgery procedure performed in adults, the current evidence on the frequency of and risk factors 

determining graft occlusion is surprisingly limited.  

The great majority of observational series have major biases and limitations in particular with 

regards to the completeness of the angiographic follow-up. On the other hand angiographic 

randomized trials (RCTs) have minimal risk of bias and much higher completeness of follow-up, 

but taken individually have  usually a  sample size inadequate to allow a meaningful exploration 

of the determinants of graft patency. 

In this manuscript we use a large patient-level dataset including six angiographic RCTs of CABG 

conduits to explore the incidence and determinants of coronary graft failure. 
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Material and Material and Material and Material and MethodsMethodsMethodsMethods    

Dataset 

Details of the Radial Artery Database International Alliance (RADIAL) project have previously 

been published (2). The list of the RADIAL investigators is enclosed in SupplementaSupplementaSupplementaSupplementaryryryry    Table 1Table 1Table 1Table 1. 

Briefly, RADIAL is a patient-level database pooling six RCTs comparing the long-term outcomes of 

the radial artery (RAD) and other conduits at a mean follow-up ≥2 years. The 6 RCTs included 

are: the Radial Artery Patency and Clinical Outcomes (RAPCO, groups 1 and 2), the Radial Artery 

Patency Study (RAPS), the Radial Artery Versus Saphenous Vein Patency Study (RSVP), Petrovic, 

Stand-in-Y and Yoo trials.(3–8) 

In the present analysis, we included all available individual angiographic patient level data from 

all the angiographic trials. As Petrovic’s trial had no angiographic follow-up, it was excluded from 

the present analysis. 

 

Outcomes 

The primary outcome was graft occlusion at maximum follow-up. Graft angiographic status was 

graded according to the Fitzgibbon classification (9). Grade A and B were considered patent and 

grade O occluded.  

 

Statistical analysis  

Continuous variables were tested for normality and were reported as means and standard 

deviations or median and interquartile range (IQR). The t-test or Wilcoxon–Mann–Whitney test 

were used to compare continuous variables. Categorical variables were reported as counts and 
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percentages and compared with Chi-squared test. Time-to-event outcomes were reported as a 

cumulative incidence using Kaplan Meier estimates and curves were compared using log-rank 

test. 

Due to the differences in target vessel characteristics and conduits used, the analysis for graft 

occlusion was divided as follows: 1) left anterior descending coronary (LAD) distribution, 2) non- 

LAD distribution (including the circumflex and the right coronary artery [LCX and RCA]). 

To identify predictors of graft occlusion, mixed model multivariable Cox regression including all 

baseline characteristics with stratification by individual trials was used. Covariates included in the 

Cox models were: age, gender, diabetes, previous myocardial infarction (MI), surgical priority, 

renal insufficiency, left ventricular ejection fraction (LVEF), target vessel, location of proximal 

anastomosis, number of grafts per patient and off-pump surgery (OPCABG). Treatment effect 

was reported as hazard ratios (HR) with 95% confidence intervals (CI). The proportional hazard 

assumptions were verified using Schoenfeld residuals. R version 3.1.2 (2014-10-31) was used for 

all statistical analyses and p value significance was set at 0.05. 
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ResultsResultsResultsResults    

Overall, 1091 patients and 2281 grafts were included in the angiographic analysis, representing 

71.8% of the total number of the patients enrolled in the five RCTs (1091/1519). 

The mean age was 64.9±9.5 years, there were 825 males (75.6%), 329 cases were diabetics 

(30.2%), 349 (32.0%) had previous MI, and 170 (15.6%) had LVEF <50%. The mean number of 

grafts per patient was 3.4±0.7. Demographics of the study population are reported in TTTTable 1able 1able 1able 1.  

There were 921 left internal mammary arteries (LIMA), 74 right internal mammary arteries 

(RIMA), 710 RAD and 576 saphenous veins (SVG). All LIMA were used on the LAD, while the other 

conduits were used on the non-LAD distribution. 

The mean angiographic follow up was 65±29 months, with small variations for the different 

conduits. The occlusion rate was 2.3% (21/921) for the LIMA, 13.5% (10/74) for the RIMA, 9.4% 

(67/710) for the RAD and 17.5% (101/576) for the SVG (see Table 2Table 2Table 2Table 2). Baseline features and 

angiographic follow-up data stratified for the second conduit received are provided in 

SupplementaSupplementaSupplementaSupplementaryryryry    Table 2Table 2Table 2Table 2; Occlusion rates stratified according to the type of second conduit and 

target vessel are shown in SupplementaSupplementaSupplementaSupplementaryryryry    Table 3Table 3Table 3Table 3. 

 

LAD analysis 

Age, previous MI, surgical priority and LVEF <50% were significantly different between patients 

with open and occluded graft (SupplementaSupplementaSupplementaSupplementaryryryry    Table Table Table Table 4444). However, at multivariable regression 

none of these variables was significantly associated with graft occlusion (Table 3Table 3Table 3Table 3). 

 

Non-LAD analysis 
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At multivariable analysis the type of conduit used, age ≥ 75 years, female gender, LVEF <50% and 

use of the Y graft technique were significantly associated with graft occlusion (Table 4Table 4Table 4Table 4). 

The RAD has significantly better patency rate than all the other conduits (Figure 1Figure 1Figure 1Figure 1). This was 

confirmed for both the LCX and RCA distribution (Figure 2Figure 2Figure 2Figure 2).  

The better patency rate of the RAD was confirmed for both genders, although for women the 

level of statistical significance was higher (Figure 3Figure 3Figure 3Figure 3). 

The use of the Y graft technique was associated with a significantly higher occlusion rate (Figure Figure Figure Figure 

4444). This was mainly driven by the lower patency rate of RAD Y grafts; for the SVG the difference 

between aorta-anastomosed and Y grafts did not reach statistical significance (SupplementaSupplementaSupplementaSupplementaryryryry    

Figure 1Figure 1Figure 1Figure 1). Occlusion rates stratified for the type of proximal anastomosis are provided in 

SupplementaSupplementaSupplementaSupplementaryryryry    Table 5Table 5Table 5Table 5. 
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CommentCommentCommentComment    

With 1091 patients and 2281 grafts at a mean follow-up of 65±29 months and a re-angiography 

rate of almost 72% RADIAL is one of the largest and the most complete coronary graft 

angiographic databases. The results of our analysis show that the failure of the LIMA to LAD 

bypass is a very uncommon event, so that even with a large patient sample, it was not possible 

to define independent risk factors for it. 

For the non-LAD distribution, the non-use of the RAD, age ≥ 75 years, female gender, LVEF <50% 

and use of the Y graft configuration were significantly associated with mid-term graft failure. 

Published observational angiographic databases on coronary graft failure are usually limited by 

the low rate of angiographic follow-up and the selection bias due to the fact that symptomatic 

patients are more likely to be submitted to re-angiography. Most of the available angiographic 

series on graft patency have a re-angiography rate between 20 and 40% (10,11) and are of often 

limited to cases of angina recurrence. The Project of Ex-vivo Vein Graft Engineering via 

Transfection (PREVENT) IV trial, the second largest prospective angiographic database after 

RADIAL, had an angiographic follow-up rate of 51%.(12) The low re-angiography rate and the fact 

that patients who missed follow up are likely to be different from patients who underwent re-

angiography make extrapolation of the published results to the overall CABG population 

unreliable.  

On the other hand, most of the included angiographic RCTs had a good re-angiography rate, and 

by pooling the five angiographic RCTs, this post-hoc analysis of RADIAL was aimed to overcome 

the power limitations of the individual studies. 
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The better patency rate of the RAD compared to the SVG has been firmly established.(2) We 

were able to confirm that the RAD outperforms the SVG for both the circumflex and right 

coronary distribution and in both genders (although the difference was larger in women). This is 

concordant with observational series with a high re-angiography rate.(13) 

The RADIAL Database was not designed to compare the RIMA with any conduit. Although in this 

series the patency rate of the RITA is lower than reported, this analysis is clearly underpowered 

and should be viewed with skepticism.  

Our finding of an increased failure rate for Y grafts is in contrast with those of other authors.(14) 

However, it is known that Y grafts (in particular using the RAD) are more sensitive to the 

detrimental effect of competitive flow (15) and this may be a potential mechanism behind their 

higher failure rate. 

This study has important limitations. While the original studies were RCTs, this analysis shares 

the problems of observational series. Hidden and unmeasured confounders may persist despite 

statistical adjustment. Differences in surgical expertise, and follow-up angiographic protocols 

among trials may have influenced our findings.  

Despite these limitations, RADIAL is one of the largest and most complete angiographic 

databases on CABG conduits. We confirm that    failure of the LIMA to LAD bypass is a very 

uncommon event. For the non-LAD distribution, the non-use of RAD, age ≥75 years, female 

gender, LVEF <50% and use of the Y graft configuration were significantly associated with mid-

term graft failure. These patency data should inform future surgical planning and clinical decision 

making.  
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Table 1. Table 1. Table 1. Table 1. Demographics of the study population.    

 

N. of included patientsN. of included patientsN. of included patientsN. of included patients    1091109110911091        

(/1519 = 71.8%)(/1519 = 71.8%)(/1519 = 71.8%)(/1519 = 71.8%)    

    

AAAAge, years (SD)ge, years (SD)ge, years (SD)ge, years (SD) 64.96 (9.48) 

Male, n (%)Male, n (%)Male, n (%)Male, n (%) 825 (75.6) 

Diabetes, n (%)Diabetes, n (%)Diabetes, n (%)Diabetes, n (%) 329 (30.2) 

Previous MIPrevious MIPrevious MIPrevious MI    349 (32.0) 

LVEFLVEFLVEFLVEF    <50<50<50<50%%%%    170 (15.6) 

Renal Dysfunction Renal Dysfunction Renal Dysfunction Renal Dysfunction     64 (5.9) 

ElectiveElectiveElectiveElective    874 (80.1) 

OPCABG, n (%)OPCABG, n (%)OPCABG, n (%)OPCABG, n (%) 43 ( 3.9) 

Number of grafts, mean (SD)Number of grafts, mean (SD)Number of grafts, mean (SD)Number of grafts, mean (SD) 3.4 (0.7) 

GraftsGraftsGraftsGrafts 

- RARARARADDDD 

- RIMARIMARIMARIMA 

- SVGSVGSVGSVG 

- LIMALIMALIMALIMA 

2281 

 710 

 74 

 576 

 921 

 

SD, standard deviation; OPCABG, off-pump coronary artery bypass grafting; RAD, radial artery, 

RIMA, right internal mammary artery; LIMA, left internal mammary artery; SVG, saphenous vein 

graft. 

Renal dysfunction was defined as preoperative serum creatinine >1.5 mg/dl.(2) 
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Table 2. Table 2. Table 2. Table 2. Occlusion rates.    

        RARARARADDDD    RIMARIMARIMARIMA    SVGSVGSVGSVG    LIMALIMALIMALIMA    

NumberNumberNumberNumber    710 74 576 921 

AngioAngioAngioAngio----followfollowfollowfollow----up up up up 

duration in months, duration in months, duration in months, duration in months, 

mean (SD)mean (SD)mean (SD)mean (SD)    

67.2 (30.9) 61.6 (6.16) 70.8 (30.2) 64.1 (28.7)  

Occluded graft, n (%) Occluded graft, n (%) Occluded graft, n (%) Occluded graft, n (%)     67 (9.4) 10 (13.5) 101 (17.5) 21 (2.3) 

    

SD, standard deviation; RAD, radial artery, RIMA, right internal mammary artery; LIMA, left 

internal mammary artery; SVG, saphenous vein graft. 
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Table 3.Table 3.Table 3.Table 3. Risk factors for left internal thoracic artery to left anterior descending occlusion. 

 

VariableVariableVariableVariable    HR HR HR HR ((((univariableunivariableunivariableunivariable)))) HR HR HR HR ((((multivariablemultivariablemultivariablemultivariable)))) 

AgeAgeAgeAge, m, m, m, mean (SD)                 ean (SD)                 ean (SD)                 ean (SD)                   1.00 (0.95-1.06, p=0.86) - 

Gender                                        Gender                                        Gender                                        Gender                                        Female          - - 

                                                                                                                                                                                         Male   1.08 (0.36-3.21, p=0.89) - 

Diabetes                                      Diabetes                                      Diabetes                                      Diabetes                                      No         - - 

                                                                                                                                                                                         Yes         1.29 (0.54-3.08, p=0.56) - 

Prior Prior Prior Prior MIMIMIMI                                                                                                                                                No         - - 

                                                                                                                                                                                         YesYesYesYes                                 2.57 (1.07-6.14, p=0.03)  2.38 (0.99-5.68, p = 0.053) 

Elective surgery                              Elective surgery                              Elective surgery                              Elective surgery                              No         - - 

                                                                                                                                                                                         Yes         0.50 (0.21-1.18, p=0.11) - 

Renal insufficiency                    Renal insufficiency                    Renal insufficiency                    Renal insufficiency                    No         - - 

                                                                                                                                                                                         Yes         0.74 (0.10-5.64, p=0.77) - 

LVEF LVEF LVEF LVEF <50<50<50<50%                                       %                                       %                                       %                                       No         - - 

                                                                                                                                                                                         Yes         1.40 (0.57-3.44, p=0.47) - 

Number of graftsNumber of graftsNumber of graftsNumber of grafts,,,,    mmmmean (SD)ean (SD)ean (SD)ean (SD)  1.66 (0.98-2.82, p=0.06)  1.60 (0.92-2.77, p = 0.10) 

OPCABG                                        OPCABG                                        OPCABG                                        OPCABG                                        No         - - 

                                                                                                                                                                                         Yes          0.00 (0.00-Inf, p=0.99) - 

    

LVEF, left ventricular ejection fraction; MI, myocardial infarction; OPCABG, off-pump coronary 

artery bypass grafting; SD, standard deviation. 
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Table 4.Table 4.Table 4.Table 4. Risk factors for graft occlusion in the non-left anterior descending distribution. 

 

VariableVariableVariableVariable                                                HR (univariable)HR (univariable)HR (univariable)HR (univariable)    HR (multivariable)HR (multivariable)HR (multivariable)HR (multivariable)    

ConduitConduitConduitConduit    RAD        - - 

                                                                                                                                                                    RIMARIMARIMARIMA         2.83 (1.43-5.59, p=0.003)   3.17 (1.57-6.38, p=0.001p=0.001p=0.001p=0.001) 

                                                                                                                                                                    SVGSVGSVGSVG          2.02 (1.49-2.76, p<0.001)   2.08 (1.52-2.84, p<0.001p<0.001p<0.001p<0.001) 

AgeAgeAgeAge    <75        - - 

                                                                                                                                                                    ≥≥≥≥75757575          4.05 (2.57-6.40, p<0.001)   3.43 (2.08-5.64, p<0.001p<0.001p<0.001p<0.001) 

GenderGenderGenderGender    Female        - - 

                                                                                                                                                                    Male         Male         Male         Male            0.56 (0.41-0.77, p<0.001)   0.59 (0.43-0.83, p=0.002p=0.002p=0.002p=0.002) 

Diabetes                                 Diabetes                                 Diabetes                                 Diabetes                                 No         - - 

                                                                                                                                                                    Yes          1.21 (0.89-1.63, p=0.22) - 

Prior Prior Prior Prior MIMIMIMI                                                                                                                            No         - - 

                                                                                                                                                                    Yes          1.07 (0.79-1.45, p=0.66) - 

Elective surgery                        Elective surgery                        Elective surgery                        Elective surgery                        No         - - 

                                                                                                                                                                    Yes          1.27 (0.89-1.81, p=0.19) - 

Renal insufficiencyRenal insufficiencyRenal insufficiencyRenal insufficiency No         - - 

                                                                                                                                                                    Yes          1.27 (0.67-2.41, p=0.47) - 

LVEF LVEF LVEF LVEF <50<50<50<50%%%%                                            No         - - 

                                                                                                                                                                    Yes       Yes       Yes       Yes          0.59 (0.41-0.84, p=0.003)   0.68 (0.48-0.98, p=0.03p=0.03p=0.03p=0.03) 

Target vessel                                  Target vessel                                  Target vessel                                  Target vessel                                  LCX        - - 

                                                                                                                                                                    RCA          1.03 (0.77-1.38, p=0.85) - 

ProximalProximalProximalProximal    aorta      - - 

                                                                                                                                                                    Y graft    Y graft    Y graft    Y graft      5.19 (2.62-10.30, p<0.001)  3.96 (1.43-10.97, p=0.008p=0.008p=0.008p=0.008) 

Number of grafts                                 Number of grafts                                 Number of grafts                                 Number of grafts                                 Mean (SD)    0.80 (0.64-0.99, p=0.04) - 

OPCABG                                   OPCABG                                   OPCABG                                   OPCABG                                   No         - - 

                                                                                                                                                                    Yes         7.54 (3.05-18.62, p<0.001)   0.61 (0.15-2.44, p=0.48) 

 

LCX, left circumflex coronary artery; LIMA, left internal mammary artery; LVEF, left ventricular 

ejection fraction; MI, myocardial infarction; OPCABG, off-pump coronary artery bypass grafting; 

RAD, radial artery; RCA, right coronary artery; RIMA, right internal mammary artery; SD, standard 

deviation; SVG, saphenous vein graft. 
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Figure LegendsFigure LegendsFigure LegendsFigure Legends    

Figure 1.Figure 1.Figure 1.Figure 1. Occlusion rate by conduit. RAD, radial artery; RIMA, right internal mammary artery; 

SVG, saphenous vein graft. 

Figure 2. Figure 2. Figure 2. Figure 2. Occlusion rate by target vessel and conduit. LCX, left circumflex coronary artery; RAD, 

radial artery; RCA, right coronary artery; RIMA, right internal mammary artery; SVG, saphenous 

vein graft. 

Figure 3. Figure 3. Figure 3. Figure 3. Occlusion rate by gender and conduit. RAD, radial artery; RIMA, right internal mammary 

artery; SVG, saphenous vein graft. 

Figure 4. Figure 4. Figure 4. Figure 4. Occlusion rate by site of proximal anastomosis. 
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List of the abbreviationsList of the abbreviationsList of the abbreviationsList of the abbreviations    

 

CABG, coronary bypass grafting 

CI, confidence intervals 

HR, hazard ratios 

IQR, interquartile range 

LAD, left anterior descending coronary 

LCX, circumflex coronary artery 

LIMA, left internal mammary arteries 

LVEF, left ventricular ejection fraction 

MI, myocardial infarction 

OPCABG, off-pump coronary artery bypass grafting 

PREVENT, Project of Ex-vivo Vein Graft Engineering via Transfection 

RAD, radial artery 

RADIAL, Radial Artery Database International ALliance 

RAPCO, Radial Artery Patency and Clinical Outcomes 

RAPS, Radial Artery Patency Study 

RCA, right coronary artery 

RCTs, randomized trials 

RIMA, right internal mammary arteries 

RSVP, Radial Artery Versus Saphenous Vein Patency Study 

SVG, saphenous vein graft 

    

    










