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Abstract 

 

Background 

Use of arterial grafts for coronary artery bypass grafting (CABG) has been argued to improve the 

angiographic graft patency, and thereby, the patient outcome by fewer cardiac events such as 

reoccurrence of angina pectoris, repeat revascularization, myocardial infarction (MI) and even 

death. There is only limited and unclear evidence from randomized trials, but in large-scale 

retrospective studies it is clear that use of the internal thoracic artery (ITA) as a bypass graft to 

especially the left anterior descending (LAD) coronary artery leads to improved graft patency and 

survival and fewer cardiac events compared with use of the greater saphenous vein as a graft 

(SVG). Bilateral ITA (BITA) grafts seem to increase this benefit further. Because of sternal 

wound complications related to BITA harvest, the radial artery (RA) has been proposed and 

widely used in addition to the left ITA (LITA), but also together with BITAs when more grafts 

are necessesary. The question whether the RA has superior patency than the SVG is therefore 

central, but in the long term unanswered. Also, the safety and efficacy of a strategy of total 

arterial revascularization (TAR) using one or both ITA grafts together with the RA is poorly 

documented. Finally, health-related quality of life (HRQoL) seems to improve after CABG, but 

whether TAR has an influence is unclear. 

 

Methods 

In this trial including 161 patients randomized to TAR (LITA or BITA and RA) versus 170 

patients randomized to conventional revascularization (CR) (LITA and SVGs) and operated with 

use of heart-lung machine, the primary outcome measures are overall graft patency (graft 

stenoses below 50%) defined as the patency index (number of patent grafts divided by the 

number of constructed grafts) and cardiac event-free survival (readmission for suspected or 

verified MI, unstable angina pectoris, arrhythmia, congestive heart failure, angiography or 

percutaneous or surgical revascularization) after 1 and 5 years. Secondary outcome measures are 

perioperative safety, reoccurrence of angina pectoris and HRQoL measured by means of Short 

Form-36 (SF-36) questionnaires preoperatively, after 3 months and 1 and 5 years. 
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Results 

Our trial demontrates that TAR can be performed on low to medium risk patients without an 

increased number of complications in the first three postoperative months. With TAR, slightly 

fewer grafts were made compared with CR: 2.9 ±0.9 versus 3.2 ±0.9 (mean ± one standard 

deviation) (P=0.004), but clinical outcome was comparable. 

Angiographic follow-up of 83% of all patients, showed equal overall mean patency index after 11 

months of 87% (95% confidence interval [CI] 83-91%) for the TAR group patients versus 88% 

(95% CI 85-91%) for the CR patients (P=0.52). In 72% of patients of the TAR group and in 67% 

of patients of the CR group all grafts were patent (P=0.45). Likewise, the mean graft patency 

index for the RA in the TAR group and SVG in the CR group were comparable: 85% (95% CI 

79-92%) versus 86% (95% CI 80-92%). 

The cardiac event-free survival was comparable in the two groups after 11 months with a hazard 

ratio (HR) of 1.09 (95% CI 0.70-1.69) (P=0.70) for TAR compared to CR. There were 37 patients 

(23%) in the TAR group and 43 (25%) in the CR group who suffered a cardiac event (P=0.70). 

HRQoL increased markedly following bypass surgery in both groups postoperatively after 3 and 

11 months, however, there was a tendency towards better results in the TAR group. The 

prevalence of reocurring angina pectoris in the two groups and sequels related to harvest of graft 

material did not differ statistically. 

 

Conclusion 

Coronary bypass surgery using TAR can be performed safely with results comparable to that of 

CR for the first 11 months postoperatively. The main benefit from TAR is expected to occur at a 

later stage and later follow-up will help to clarify if results after TAR are comparable to or even 

superior to CR. 
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Dansk resumé 

 

Introduktion  

Brug af arterielle grafter ved koronar bypass kirurgi (CABG) hævdes at forbedre angiografisk 

graft patency og dermed de kliniske resultater i form af færre kardielle hændelser som recidiv 

angina pectoris, fornyet revaskularisering, myokardie infarkt og endda død. Der foreligger kun 

begrænset og ikke entydig evidens fra randomiserede studier, men i store retrospektive opgørelser 

er det afklaret, at brug af arterie thoracica interna (ITA) som bypass graft til især venstre 

koronararteries ramus descendens anterior (LAD) giver øget graft patency og overlevelse og 

færre kardielle events sammenlignet med vena saphena magna som graft (SVG). Bilaterale ITA 

(BITA) grafter øger formentlig den gavnlige effekt. På grund af sternum sårkomplikationer 

forbundet med BITA høst er arterie radialis (RA) som graft blevet foreslået og i vid udstrækning 

benyttet som bypass graft i tillæg til venstre ITA (LITA) til LAD koronararterien eller sammen 

med BITA hvis flere grafter er nødvendige. Hvorvidt RA har bedre graft patency end SVG er 

således et centralt spørgsmål, men på lang sigt ubesvaret. Endvidere er der kun sparsom 

dokumentation for sikkerheden og de gavnlige resultater af en strategi med TAR med brug af en 

eller begge ITA grafter sammen med RA. 

Endelig lader det til, at CABG postoperativt medfører øget helbredsrelateret livskvalitet 

(HRQoL), men om TAR har indflydelse herpå er uafklaret. 

 

Metoder 

I denne undersøgelse med 161 patienter randomiseret til TAR (LITA eller BITA og RA) versus 

170 patienter randomiseret til konventionel revaskularisering (CR) (LITA og SVG) og opereret 

vha. hjerte-lunge maskine, er de primære målepunkter samlet graft patency (graft stenoser under 

50%) defineret som  patency index (antal åbne grafter divideret med antal af konstruerede grafter) 

og ”cardiac event-free survival” (genindlæggelse for: mistænkt eller verificeret myokardie 

infarkt, ustabil angina pectoris, arytmi, hjerteinsufficiens, angiografi eller perkutan eller kirurgisk 

revaskularisering) efter 1 og 5 år. Sekundære målepunkter er perioperativ sikkerhed og recidiv af 

angina pectoris og HRQoL målt vha. SF-36 spørgeskemaer præoperativt, efter 3 måneder og 1 og 

5 år. 
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Resultater 

Vores undersøgelse viser, at TAR kan udføres sikkert på lav til medium risiko patienter uden et 

øget antal komplikationer i de tre første postoperative måneder. Med TAR blev der konstrueret 

lidt færre grafter sammenlignet med CR: 2,9 ±0,9 versus 3,2 ±0,9 (gennemsnit± én standard 

deviation) (P=0,004), men der kunne ikke påvises forskelle i de kliniske resultater. 

Angiografisk kontrol hos 83% af alle patienter viste, at det samlede gennemsnitlige patency index 

efter 11 måneder var 87% (95% konfidens interval [CI] 83-91%) i TAR gruppen versus 88% 

(95% CI 85-91%) i CR gruppen (P=0,52). I TAR gruppen havde 72% af patienterne og i CR 

gruppen 67% af patienterne alle grafter åbne (P=0,45). Ligeledes var det gennemsnitlige graft 

patency index for RA i TAR gruppen og SVG i CR gruppen uden statistisk significant forskel: 

85% (95% CI 79-92%) versus 86% (95% CI 80-92%). 

For cardiac event-free survival var der heller ikke statistisk significant forskel i mellem de to 

interventionsgrupper efter 11 måneder med en hazard ratio på 1,09 (95% konfidens interval 0,70-

1,69) (P=0,70) for TAR i forhold til CR. Der var 37 patienter (23%) i TAR gruppen og 43 (25%) 

i CR gruppen, som oplevede et cardiac event (P=0,70).  

HRQoL øgedes markant efter bypass kirurgi i begge grupper postoperativt efter 3 og 11 måneder, 

men der var en tendens til bedre resultater for TAR gruppen. Forekomsten af recidiv af angina 

pectoris i de to grupper og gener forbundet med høst af graft materiale viste ingen statistisk 

signifikante forskelle.  

 

Konklusion 

Koronar bypass kirurgi med TAR kan udføres sikkert og med ligeså gode resultater som efter CR 

indtil 11 måneder postoperativt. Den gavnlige effekt af TAR forventes at indtræde på et senere 

tidspunkt og fremtidig opfølgning vil være med til at klarlægge, om resultaterne af TAR er 

sammenlignelige med eller bedre end CR. 



 11 

Introduction 

 

Coronary arterial supply of blood to the heart, which is the main focus of this thesis, was 

discovered in 1559 in Italy by Riva di Trento. Obviously, before and ever since, the critical role 

of the coronary arteries has had a huge impact on hundreds of millions of human beings’ lives, be 

it personally in illness or professionally in combating coronary artery disease (CAD). 

 

In 1772 in England, Heberdeen described the most common symptom of CAD, angina pectoris:  

 

“They who are afflicted with it are seized while they are walking (especially if it be uphill, and 

soon after eating) with a painful and most disagreeable sensation in the breast, which seems as if 

it would extinguish life if it were to increase or to continue; but the moment they stand still, all 

this uneasiness vanishes” (1).  

 

The most ultimate symptom of CAD, sudden cardiac death, was in 1844 to be the fate of the 

famous Danish sculptor Bertel Thorvaldsen in the Royal Theatre in Copenhagen, Denmark. This 

also lead to the first pathology report of a plaque rupture in a coronary artery (1). 

 

This thesis is based on the Copenhagen Arterial Revascularization Randomized Patency and 

Outcome (CARRPO) trial that compares coronary artery bypass grafting (CABG) with use of left 

or bilateral internal thoracic artery (ITA) and radial artery (RA), i.e. total arterial 

revascularization (TAR) versus conventional revascularization (CR), using left ITA (LITA) and 

saphenous vein grafts (SVGs) in patients with multivessel and left main stem (LMS) CAD.  
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History of coronary surgery 

One of the first attempts of directly improving the perfusion of the myocardium surgically was 

performed in Montreal, Canada by Vineberg and colleagues in 1951. An ITA was implanted 

directly into the myocardium of the left ventricle (2). Sones at the Cleveland Clinic, USA, the 

pioneer of coronary angiography, documented collaterals between the implant and the coronary 

circulation (3), and more direct surgical methods on the coronary arteries, such as endarterectomy 

(4) and patch grafting (5) of stenosed segments, were soon developed. 

The probably first successful and documented coronary artery bypass operation was performed in 

a human by Goetz in New York City in 1960, the right ITA (RITA) was attached to the right 

coronary artery (RCA) by means of a metal cannula, patency was verified angiographically and 

the patient lived angina-free one year after, but died later of a myocardial infarction (MI) (6). In 

Leningrad, Russia, Kolesov anastomosed an ITA to the left anterior descending (LAD) coronary 

artery in 1964 without the use of cardiopulmonary bypass (CPB) or preoperative angiography (7). 

However, it was not until after the development and routine clinical use of the heart-lung machine 

for CPB by Gibbon in the 1950s (8) and of coronary angiography in the early 1960s (9) that the 

evolution of CABG as we know it today truly started. Garrett working with DeBakey in Houston 

probably performed the first reversed saphneous vein coronary artery bypass graft (10), but 

Favaloro at the Cleveland Clinic (11) and subsequently Johnson from Milwaukee (12) are to be 

credited for developing the technique of reversed saphenous veins as coronary bypass grafts and 

reporting the first series of patients with angiographic studies verifying early patency. Another 

contribution of the Cleveland Clinic in 1986 was Loop documenting the superior long-term 

patency of the ITA graft, and hereby, soon became popular (13). The RA as a skeletonized 

bypass graft (accompanying veins removed) was introduced in France by Carpentier in 1971 (14) 

but abandoned because of its propensity to spasm until 1989 when Acar with angiography 

restudied some of the original patients and found their RA grafts patent. The harvest method was 

changed so that the RA and its accompanying veins were taken together (pedicle graft) to 

minimize tissue trauma, and to relieve spasm papaverine was intraluminally injected and 

postoperatively calcium channel blockers were prescribed (15). Compared to the ITA and RA 

grafts alternative arterial conduits such as the gastroepiploic and inferior epigastric arteries have 

not gained comparable popularity (16;17). 
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Epidemiology of coronary artery disease 

The mortality of CAD has decreased in North America and many Western European countries 

(18) but is still the leading cause of death worldwide (1). In Denmark the mortality of CAD has 

also decreased over the past 30 years, but it still causes more than 9,000 deaths each year. Almost 

200,000 persons in Denmark have verified CAD and this causes approximately 50,000 hospital 

admissions annually. Angina pectoris was estimated to affect approximately 25,000 persons in 

2000 and including history of previous myocardial infarction (MI), more than 130,000 persons 

had experienced angina pectoris previously (19). 

 

Clinical presentation and pathology of coronary artery disease 

In this thesis, CAD refers to atherosclerosis, which causes over 90% of cases of ischemic heart 

disease. Atherosclerotic lesions are confined to the epicardial coronary arteries and most often 

cause significant stenoses of the proximal LAD and proximal circumflex (CX) coronary arteries 

and more dispersed lesions on the RCA. The atherosclerotic plaque is basically developed from 

intimal thickening caused by smooth muscle cell proliferation and lipid accumulation caused by 

monocyte phagocytosis. Gradually developing lesions often lead to high-grade luminal plaque 

stenoses and are often the background for chronical myocardial ischemia and stable angina, 

whereas more discrete plaques tend to rupture and initiate thrombosis, and ultimately, coronary 

artery occlusion with acute myocardial ischemia as a result (20). 

The clinical presentation of chronic myocardial ischemia is classical stable angina and congestive 

heart failure, while acute ischemia causes the acute coronary syndromes: unstable angina, non-

ST-and ST-elevation MI, but also arrhythmias, acute heart failure and sudden cardiac death (21). 

 

Diagnosing coronary artery disease 

Coronary arteriography is still the gold standard investigation of symptomatic CAD (20). 

Through a catheter via the femoral artery or less frequently the RA, the coronary ostias in the 

ascending aorta are injected with iodine-based contrast, while x-ray fluoroscopy in specific 

angles relative to the heart is used for obtaining motion-pictures of coronary filling and detect 

stenoses and occlusions. A stenosis causing 75% loss in cross-sectional area corresponds to a 

50% diameter reduction and is considered a moderate, but significant stenosis. Stenoses are 

usually considered severe when the cross-sectional area is reduced by 90%, corresponding to a 

67% diameter reduction (22). 



 14 

Surgical treatment of coronary artery disease 

According to the 2004 updated guidelines of the American College of Cardiologists and 

American Heart Association, the main indications for CABG are both prolongation of life and 

relief of symptoms (23). There is definite evidence based on several randomized trials and a 

meta-analysis (24) that in asymptomatic or patients with mild angina, CABG should be 

performed to prolong life if significant LMS stenosis or equivalent (proximal LAD and proximal 

CX stenoses) is present. Likewise it is of benefit if 3-vessel disease is present, and especially, in 

case of decreased left ventricular function. For symptomatic patients including stable and 

unstable angina and non-ST-elevation MI there are also definite evidence-based 

recommendations for CABG in case of LMS stenosis or equivalent, 3-vessel disease, but also in 

case of 2-vessel disease including the proximal LAD if left ventricular function is abnormal or 

there is objective evidence of ischemia (23). 

The number of coronary angiographies performed annually in Denmark has steadily increased 

from 3,455 in 1990 to 26,131 in 2007 (19;25). This has lead to a steady increase in the annual 

number of revascularizations by means of percutaneous coronary intervention (PCI) and surgery. 

From a previously low level of revascularizations in Europe the Danish revascularization rate of 

2,170 per million inhabitants in 2003 has become comparable to other Scandinavian countries 

and is among the top ten European countries (19). However, as many developed countries have 

experienced, the number of isolated CABG procedures have stabilized and even decreased, the 

peak in Denmark was 2,908 in 2002 (25). CABG is considered relatively safe, the perioperative 

mortality, i.e. up to 30 days following operation, related to first-time elective CABG in patients 

without significant comorbidity, is below 1% in institutions with CABG experience, and the 

stroke risk around 1% (23;26;27). In 1994 a meta-analysis by Yusuf and colleagues, compiling 

individual patient data from seven randomized clinical trials (RCTs) of CABG versus medical 

treatment for stable CAD performed during the 1970s and 1980s, showed enhanced survival up to 

ten years after randomization (figure 1) (24).  

Nowadays it is hotly debated and a focus of many studies whether PCI for multivessel disease is 

comparable with CABG. Whether there is a difference in long-term survival seems unsettled 

since randomized trials, including a representative everyday patient population, are lacking and 

studies of long-term outcomes are few (28-31). 
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Figure 1. 

 

 

From Yusuf S, Zucker D, Peduzzi P, et al: Effect of coronary artery bypass graft surgery on survival: 

Overview of 10-year results from randomized trials by the Coronary Artery Bypass Graft Surgery Trialist 

Collaboration. Lancet 1994; 344:563. 

 

Pharmacology and pathology related to bypass grafts 

Arterial grafts used for CABG are more prone to spasm than SVGs. This is especially true for the 

RA, which has a more developed muscular media than the ITA (32;33). Potentially, this causes 

immediate postoperative ischemic complications, but these do not seem to occur more frequently 

than for SVGs (34). A solution of verapamil and nitroglycerin for intraoperative storage and 

flushing of the RA graft seem to produce a long-lasting vasodilatation superior to papaverine 

(35). In the immediate postoperative period intravenous nitroglycerin is preferable to the calcium 

antagonist diltiazem because of conduction abnormalities, low cardiac output, and higher cost 

with the use of diltiazem (36). For prophylaxis of spasm in the postoperative months it is 

common practice to prescribe a calcium channel antagonist such as diltiazem or amlodipine for 

three to twelve months (37). A longer period is of no proven benefit (38). The vasoreactivity of 

arterial conduits has also implications for graft patency; arterial grafts to coronary arteries with 

only moderate proximal stenoses cause low bypass flow, graft constriction and ultimately 

occlusion (39). This counts for all types of arterial conduits with the ITA graft being least 

susceptible, and this probably also explains the superior patency for all graft types when 

anastomosed to the LAD (high flow) and the inferior patency when anastomosed to the RCA 

(low flow) (40-44). The SVG is less influenced by moderate proximal coronary stenoses and low 

flow, but faster develops intimal hyperplasia, atherosclerosis and graft failure (45;46). 
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Background for the CARRPO trial 

Despite coronary surgery for multivessel and LMS CAD being a well-documented operative 

procedure for effective relief of angina pectoris with a survival advantage compared to medical 

treatment, the main factors influencing long-term outcome have not been thoroughly investigated. 

The standard conduits for CABG have been the LITA and SVGs since the mid 1980s. 

Bypass graft patency is an important factor to predict patient outcome after CABG and 

unsatisfactory long-term results of SVGs have led to an increased use of arterial grafts. 

According to Fitzgibbon 12% of SVGs are occluded early after the operation, 19% after one year, 

25% after five years, and 40% after ten years. Additionally 5-10% of SVGs at each interval are 

with more than 50% stenosis of the diameter (47). 

In the study of Loop, the use of the ITA offered patients a ten-year survival benefit, fewer cardiac 

events, and superior graft patency compared with SVGs (13). Cameron confirmed this survival 

benefit over a 15-year period (48). Overall, ITA patency after ten years is 85-90% compared with 

57-61% for SVGs (42;46;47;49). In a meta-analysis of seven non-randomized cohort studies by 

Taggart and colleagues the use of bilateral ITA (BITA) grafts seems to further improve survival 

(figure 2) (50). This is supported by recent studies showing improved long-term cardiac event-

free survival (51-53). 

 

Figure 2. 

 

 

Effects of bilateral ITA (BIMA) compared with single ITA (SIMA). Random-effects meta-analysis of data 

from seven studies. Horizontal lines indicate 95% confidence limits. From Taggart DP, D’Amico R, Altman 

DG: Effect of arterial revascularisation on survival: a systematic review of studies comparing bilateral and 

single mammary arteries. Lancet 2001; 358:872. 
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However, the need for additional grafts and the concern about sternal complications after BITA 

harvest (54-57) have increased the use of the RA (37;44;58-61), which may have a superior 

patency rate compared to SVGs (62). The combination of ITA and RA grafts for TAR is 

scientifically accepted as a potentially superior treatment. But despite reports from large 

retrospective cohort studies showing better survival and fewer cardiac events after use of TAR 

compared with CR using the LITA and SVGs, TAR is not commonly used (34;63). The run-in 

phase of the SYNTAX study in Europe and North America (CABG versus Taxus stents for 3-

vessel and LMS CAD) showed that 12% of patients had arterial grafts only (64). In recent studies 

from databases of the national cardiothoracic societies, 2.8% of patients had BITA grafts in the 

United States (56) and 18% had more than one arterial graft in the United Kingdom (65). 

When it comes to randomized data, there are not many RCTs to justify abandoning CR. Three 

centers have published conflicting results after TAR versus CR regarding 1 to 5 year clinical 

outcome and graft patency (table 1). The postoperative in-hospital safety and morbidity after 

TAR seem to be comparable with CR, but the morbidity in the months right after patient 

discharge is also unknown (66-71). 

 

Table 1. 

 

Study Patients Grafts Results 

RAPCO (66) 

5-year results 

N=285, mean age 60 

N=153, mean age 73 

BITA vs. LITA+RA 

BITA vs. CR 

For both groups: Graft patency (P=NS) 

and cardiac event-free survival (P=NS) 

Muneretto (67) 

>14-month results 
N=200, mean age 77 TAR vs. CR 

For TAR: Superior graft patency (P<0.01) 

and fewer late cardiac events (P=0.04) 

Muneretto (68) 

1-year results 
N=188, mean age 76 TAR vs. CR 

For TAR: Superior graft patency (P<0.01) 

and fewer late cardiac events (P<0.05) 

Muneretto (69) 

>1-year results 
N=200, mean age 68 TAR vs. CR 

For TAR: Superior graft patency (P<0.01) 

and cardiac event-free survival (P<0.001) 

Muneretto (70) 

16-month results 
N=160, mean age 77 TAR vs. CR 

For TAR: Superior graft patency (P=0.03) 

and cardiac event-free survival (P<0.05) 

Myers (71) 

5-year results 
N=162, mean age 63 BITA vs. CR Cardiac event-free survival (P=NS) 
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From the patient perspective, health-related quality of life (HRQoL) improves markedly after 

conventional CABG (72-75). Besides the potential benefits in the long-term regarding graft 

patency, cardiac events and survival, it is unknown if use of TAR affects HRQoL. Use of BITA 

and RA grafts may have influence on the patients’ perception of own health and wellbeing. As 

there are few and small studies that compare the effect of TAR to that of CR on robust endpoints 

such as survival and graft patency (66-71) without unequivocal results, it is important to explore 

if there are differences in HRQoL following the two treatment modalities. 

 

 

Hypothesis 

 

CABG using TAR will not increase the perioperative mortality or morbidity, but increase the 

long-term outcome regarding bypass graft patency and reduce the risk of cardiac events, angina 

pectoris, need for anti-anginal medication and improve functional status and possibly survival. 

 

Aims of the present PhD thesis 

 

Study I To focus on short-term peri- and postoperative mortality and morbidity to document 

the safety of TAR compared with CR. 

 

Study II To evaluate the one-year efficacy of TAR compared with CR based on bypass graft 

patency and cardiac event-free survival. 

 

Study III To test if there are differences between TAR versus CR in postoperative 

measurements of HRQoL using the generic questionnaire Short Form-36 (SF-36) 

after 3 months and 1 year. 
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Methods 

 

Trial design    

Patients were randomly allocated to two groups: TAR (LITA or BITA, and RA grafts) or CR 

(LITA and SVGs). The primary outcome measures are angiographic 1- and 5-year distal 

anastomotic graft patency reported as mean patency index, and cardiac event-free survival at 1, 5 

and 10 years postoperatively. Secondary outcome measures are perioperative mortality and 

morbidity, angina-class (Canadian Cardiovascular Society, CCS) and the need for anti-anginal 

medication, and HRQoL measured by the generic questionnaire SF-36 preoperatively and 3 

months and 1 year postoperatively. 

 

Eligibility criteria  

Patients with 2- or 3-vessel CAD, including LMS stenosis, referred for elective or urgent CABG 

(more than one graft planned) were eligible, provided they were less than 70 years of age with a 

left ventricular ejection fraction above 35%. Patients should have a normal Allen’s test and be 

able to give informed consent. In case of aneurysm of the LAD coronary artery, concurrent 

malignant disease with expected survival below 5 years, unsuitable SVGs evaluated 

preoperatively, emergent operation, other concomitant heart surgery, or reoperation, the patient 

was excluded from the trial. 

 

Patient inclusion and randomization 

The patients were informed, written and oral consent were obtained, and included patients 

received a trial number and a randomization code. Because randomization was stratified by sex 

and diabetes state (insulin-treated), there were four groups of coded and opaque envelopes 

containing notes allocating the patient to TAR or CR. The envelopes were kept in a locked room 

at the surgical ward. A nurse without relation to the trial handled the envelopes. After 

randomization the day before surgery patients filled in the baseline SF-36 questionnaire. 

 

Primary outcome measure definitions 

Patency was defined as angiographic filling of the graft and the target vessel without graft failure 

(any graft diameter stenosis of ≥50%). Sequential grafts with two distal anastomoses were 

counted as two grafts and so forth. For sequential grafts with failure of the proximal attachment 
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all distal anastomoses were counted as graft failures. The patency index expressed as a 

percentage is defined as the number of patent grafts divided by the total number of grafts actually 

made in the patient. The following analyses were also prespecified: proportion of patients with all 

grafts patent, graft diameter stenosis >90% as the cut-off for graft failure, and analysis of possible 

predictors of graft failure (see Statistics). 

Cardiac event-free survival was defined as survival without readmission to hospital due to: 

myocardial infarction (MI verified by ECG and/or coronary enzymes), observation for suspected 

MI (hospitalized more than 6 hours with repeated negative coronary enzyme measurements), 

unstable angina (sustained chest pain, without ECG-changes or coronary enzyme release, causing 

changed anti-anginal medication or angiography), arrhythmias (symptomatic, ECG-verified and 

requiring treatment), heart failure (dyspnoea leading to changed medication), need for coronary 

angiography, PCI and redo CABG. 

 

Operative details 

All patients, regardless of type of revascularization, were anesthetized in the same manner and 

infusion of nitroglycerin was started before the aortic cross clamp was released. 

For surgery, median sternotomy and normothermic extracorporeal circulation with cold blood 

cardioplegia were used. The RA with accompanying veins (figure 3) or SVG were harvested by 

open technique and the LITA or BITAs were prepared as pedicles. Both the RA and SVG were 

stored in a solution of verapamil, nitroglycerin and heparin (35).  

 

Figure 3. 

 

Radial artery harvest. From Góngora E, Sundt TM. Myocardial Revascularization with Cardiopulmonary 

Bypass. Cohn LH, ed. Cardiac Surgery in the Adult. New York: McGraw-Hill, 2008:599-632.  
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The same seven surgeons performed both types of operations and contributed equally to both 

groups. The operating surgeon decided how to perform the revascularization regarding type and 

configuration of grafts for TAR. For further details see Study I. 

 

Follow-up after three months, one year and angiography 

After three months patients were mailed a second SF-36 questionnaire and a questionnaire asking 

if there had been any admissions, complications, or changes in medication. All patients were 

invited to a clinical and angiographic follow-up approximately 1 year postoperatively. They were 

questioned regarding admissions and adverse events since the operation, current medication and 

angina, any pain, motor or sensor dysfunction related to harvest wounds, and filled in a third SF-

36 questionnaire. Patients not present for follow-up were interviewed by telephone or contacted 

via mail. All admissions were double-checked in the national Danish patient admission database 

(Green System, CSC Scandihealth, Aarhus, Denmark). No patients reported to have been 

admitted to hospitals not reporting data to the Green System.  

Angiography was carried out on an outpatient basis through the femoral artery. Grafts were 

examined in 2 ortogonal projections by an invasive cardiologist using intracardial injection of 

nitroglycerin and verapamil. Two experienced, blinded and trial-independent cardiac surgeons 

visually interpreted the angiograms and graded all grafts as having no stenosis (<50%), between 

50-90%, >90%, or being occluded. The conclusive interpretation of the angiograms was reached 

through consensus with the cardiologist and two trial surgeons. 

 

Short Form-36 questionnaire 

The SF-36 questionnaire contains 36 questions covering eight different health dimensions: 

physical functioning, physical role: limitations caused by impaired physical health, bodily pain, 

general health, vitality, social functioning, emotional role: limitations caused by emotional 

difficulties, and mental health. For each dimension scores are calculated and converted into a 

scale of 0-100, that is, from the worst to the best possible status. A physical component summary 

is calculated from the first four scales and a mental component summary from the last four 

(76;77). The Danish version of the SF-36 questionnaire has been found valid and reliable (78;79). 
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Statistics 

The sample size was calculated according to the primary outcome measure 5-year graft patency. 

A 15% absolute improvement in overall patency (i.e. mean patency index) 5 years after TAR 

(85% overall patency) (58;80) versus CR (70% overall patency) (47) was regarded as clinically 

relevant at the time of designing the trial. Based on a 90% power and a 5% significance level 330 

patients were to be included. The trial was also powered to detect a difference of at least 10 

points between the groups on every of the 8 eight SF-36 scales with a power of 80% and a 5% 

significance level (76;77).  

Normally distributed continuous data are presented as mean and standard deviation and analyzed 

using unpaired t-test. Median and quartiles and the Mann-Whitney test are used for continuous 

data not normally distributed. The patency index was analyzed with the Mann-Whitney test, but 

presented as mean and 95% confidence interval (CI). Categorical data are presented as number 

and percentages and analyzed using the Chi-square test or Fisher’s exact test. All tests were two-

tailed and P<0.05 was considered significant. 

For missing angiographic data in study II, we performed sensitivity analysis (best-case and worst-

case scenarios with respect to TAR: missing angiograms in the TAR group were recoded as all 

grafts being patent and in the conventional group as all grafts failing and vice versa) and multiple 

imputation in the program NORM (Joe Schafer, Dept. of Statistics, Penn State University, USA).  

Multiple imputation is a computer simulation-based method for replacing missing values in a 

dataset. The missing value of interest in our study is the covariate: patent graft (graft stenosis 

<50%). Based on prespecified covariates (age, sex, type of revascularization, number of grafts, 

hypercholesterolemia, latest cholesterol value, cardiac event, diabetes treated with insulin, and 

number of patent grafts), we did 10 imputations and on every resulting dataset a Mann-Whitney 

test was performed for the group difference of the median patency index (TAR versus CR). Also 

a Student t-test was performed for the group difference of the mean patency index being different 

from zero, and the results were aggregated (81-83). 

Predictors of graft failure and the time to first cardiac event were analyzed using Cox 

proportional hazards regression analysis and results are presented as hazard ratios (HR) and 95% 

CIs. For prediction of graft failure the following predefined covariates were analyzed: type of 

revascularization, number of grafts, sex, age, insulin-treated diabetes, total cholesterol level, 

number of vessel disease, LMS stenosis, severity of coronary disease, and the interaction of 

number of grafts and type of revascularization. We performed univariate analysis in association 
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with time to detect at least one graft failure, and multivariate analysis by forcing the covariates 

into the model, correcting for all the other and backward elimination of the insignificant ones 

(P>0.10).  

In the same manner, time to first cardiac event was analyzed using the same predefined covariates 

except total cholesterol level and the interaction of number of grafts and type of 

revascularization, but with the covariate number of grafts, since this covariate was the only one 

that predicted graft failure statistically significantly. 

As customary, absolute SF-36 scores are presented as mean and standard deviation, but because 

they were not normally distributed differences between baseline and 3 and 11 months 

respectively were analyzed using mixed models to correct for the repeated measurements on 

every patient. 

 

 

Results 

 

Patient inclusion 

Out of 1,969 isolated first-time CABG procedures (February 21, 2002- February 22, 2005) 1,136 

patients were available for screening. For flowchart see figure 4. We randomly assigned 161 

patients to TAR and 170 to CR.  

 

Baseline data 

Baseline data were comparably matched between the two groups except that there were more 

patients in the conventional group with a previous stroke or transient cerebral ischemia (table 2). 

The indications for preoperative coronary angiography were: stable angina 55.6% of patients, 

non-ST-elevation MI 26.6%, primary PCI for ST-elevation MI 8.5%, unstable angina 7.9%. 

 

Operative data  

Overall, patients received a mean and median of 3 grafts (=distal anastomoses); however, in the 

TAR group the mean number was 0.3 lower than for CR patients (P=0.004). Of TAR patients 

9.3% and of CR patients 6.5% did not receive the intended treatment (figure 4). For details of 

grafts see table 2 and 3 and for further operative details see study II. 
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       Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Flowchart. *Percentages of screened patients. 

 

 

Allocated to conventional group  (N=170) 
Short Form-36 questionnaires    (N=155) 
Received allocated intervention  (N=159) 
Did not receive allocated intervention: 
Crossover to arterial grafts      (N=3) 
Vein grafts and an extra arterial graft    (N=7) 
Inoperable      (N=1) 
In hospital deaths     (N=0) 

Allocated to total arterial group  (N=161) 
Short Form-36 questionnaires (N=144) 
Received allocated intervention  (N=146) 
Did not receive allocated intervention: 
Crossover to conventional grafts    (N=11) 
Arterial grafts and a vein graft      (N=3) 
Only a vein graft      (N=1) 
In hospital deaths      (N=1) 

1-year follow-up          
Total deaths      (N=1) 
Underwent angiography  (N=132) 
Patients with a graft failure   (N=70) 
Patients with a cardiac event    (N=37) 
Patients analyzed  (N=161) 
Short Form-36 questionnaires (N=148) 
Patients lost to follow-up      (N=0) 

630 patients 
screened (55.5%) 

331 patients  
randomized 

52.5% of screened 
29.1% of available 

299 excluded or not included*: 
Radial artery unusable 79 (12.5%) 
Logistic reasons           81 (12.9%) 
Patient refused    69 (11.0%) 
Language barrier       22   (3.5%) 
Comorbidity  20   (3.2%) 
Surgeon refused 14   (2.2%) 
Vein unusable 10   (1.6%) 
Other   4   (0.6%) 

1136 patients available 
for screening 

506 patients not 
screened (44.5%): 

 In other trials  (N=287) 
 Living far away  (N=219) 

1-year follow-up        
Total deaths      (N=2) 
Underwent angiography (N=143) 
Patients with a graft failure   (N=75) 
Patients with a cardiac event    (N=43) 
Patients analyzed  (N=170) 
Short Form-36 questionnaires (N=155) 
Patients lost to follow-up      (N=0) 

3-months follow-up (N=160) 
Clinical status questionnaires  (N=152) 
Short Form-36 questionnaires (N=150)  
Patients lost to follow-up      (N=0) 
 

3-months follow-up    (N=170) 
Clinical status questionnaires     (N=160) 
Short Form-36 questionnaires    (N=154) 
Patients lost to follow-up         (N=0) 
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             Table 2. Preoperative clinical status 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Presented as number and %, mean  1 standard deviation, and median and quartiles*. 

 

 Type of revascularization 

 
Total arterial 

(N=161) 

Conventional 

(N=170) 

Female sex 19 11.8% 20  11.8% 

Age, years 59  8 59  8 

Body mass index, kg/m2 27  4 28  4 

CCS class 3 51 31.7% 43 25.3% 

NYHA class 3 35 21.7% 27 15.9% 

EuroSCORE* 2 1-3 3 1-4 

MI <90 days 56 34.8% 67 39.4% 

Atrial arrhythmia 8 5.0% 4 2.4% 

Previous PCI 31 19.3% 27 15.9% 

Hypertension 82 50.9% 81 47.6% 

Hypercholesterolemia 140 87.0% 147 86.5% 

Total cholesterol, mmol/l 5.2 1.2 5.3 1.2 

Non-elective surgery 57 35.4% 65 38.2% 

COPD 9 5.6% 14 8.2% 

Peripheral arterial disease 18 11.2% 20 11.8% 

Cerebrovascular disease 3 1.9% 13 7.6% 

Creatinine > 200 mmol/l 1 0.6% 2 1.2% 

Diabetes – insulin 6 3.7% 9 5.3% 

Diabetes – diet / tablets 33 20.5% 34 20.0% 

Smoker 85 52.8% 79 46.5% 

LMS stenosis only 13 8.1% 14 8.2% 

1 vessel disease 4 2.5% 0  

2-vessel disease 44 27.3% 53 31.2% 

3-vessel disease 100 62.1% 103 60.6% 

Ejection fraction 35-49% 48 29.8% 42 24.7% 

Ejection fraction 50% 113 70.2% 128 75.3% 
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TAR group 

It took a mean of 21 minutes extra to prepare the arterial conduits (95% CI 10-31 minutes), and 

blood cardioplegia was more often used (table 3). The 11 crossovers to CR were in six cases due 

to an inadvertent error by the surgeon, four because of a positive Allen’s Test performed 

erroneously after randomization by the operating surgeon, and one because the radial artery was 

of poor quality (figure 4). 

 

Conventional group 

Of the three crossovers to TAR the two were due to poor vein graft material and one inadvertent 

error by the surgeon. The inoperable patient had unexpectedly pericardial carcinosis from a lung 

cancer; he recovered fairly well postoperatively and underwent PCI during another admission. 

 

        Table 3. Operative data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Presented as number and % and mean ± 1 standard deviation. * Percentages are rounded numbers. 

 Type of revascularization  

 
Total arterial 

(N=161) 

Conventional 

(N=170) 
P value 

Operation time, minutes 192 51 172 45 <0.001 

CPB time 73 22 70 23 0.28 

Cross-clamp time 45 15 43 15 0.40 

Blood cardioplegia 130 83.3% 114 69.5% 0.006 

Use of inotropic agents 23 14.3% 19 11.2% 0.49 

Tranexamic acid 140 87.0% 141 82.9% 0.39 

Aprotinin 8 5.0% 8 4.7% 1.00 

Complete revascularization 128 79.5% 141 82.9% 0.51 

Distal anastomoses 466  542  - 

Distal anastomoses/patient 2.9 ±0.9 3.2 ±0.9 0.004 

Patients with: 0/1/2/3/4/≥5 

distal anastomoses* 

0/8/44/70/35/4 

0/5/27/43/22/2% 

1/1/37/71/47/13 

1/1/22/42/28/8% 

0.03 

Target vessel <1.5 mm 138 29.6% 162 29.9% 0.98 
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      Table 4. Graft type status 

 

 

 

       Number of patients and % 

 

 

Postoperative stay – study I 

One patient in the TAR group died of aortic rupture at reoperation for suspected graft failure few 

hours after the primary operation (table 5). Another two TAR group patients had graft occlusion 

diagnosed at angiography after signs of myocardial infarction (CK-MB >80 micrograms/L), one 

with occluded LITA underwent PCI and one with an occluded RA graft was reoperated. Four 

patients in the CR group underwent angiography also because of signs of MI: one had patent 

grafts, two were reoperated for SVG occlusion, and one patient with an occluded LITA and also 

 Type of Revascularization 

 Total Arterial 

(N=161) 

Conventional 

(N=170) 

LITA 156 96.9% 166 97.6% 

 sequence 19 11.8% 7 4.1% 

RITA 77 47.8% 3 1.8% 

 free 12 7.4% 0  

 extended with RA 15 9.3% 1 0.6% 

RA 128 79.5% 2 1.2% 

 sequence 54 33.5% 2 1.2% 

 from aorta 96 59.6% 1 0.6% 

 from ITA 39 24.2% 1 0.6% 

SVG 16 9.9% 164 96.5% 

 sequence 6 3.7% 86 50.6% 

     

Only BITA 15 9.3% 2 1.2% 

BITA and RA 61 37.9% 1 0.6% 

LITA and RA 63 39.1% 1 0.6% 

LITA and SVGs 12 7.5% 160 94.1% 

Only LITA 5 3.1% 2 1.2% 

Only RA 3 1.9% 0  

Only SVGs 1 0.6% 3 1.8% 

RITA and RA 1 0.6% 0   
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with one occluded and one patent SVG did not undergo reoperation because of extensive diffuse 

atherosclerosis. PCI was tried without success. The patient recovered and was discharged in 

relatively good condition. The 8% of patients not discharged directly to home were transferred to 

referring hospitals for rehabilitation. 

  

                     

                   Table 5. Postoperative stay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Presented as number and %, mean ± 1 standard deviation, and median and quartiles* 

 

 

 

 

 Type of revascularization  

 
Total arterial 

(N=161) 

Conventional 

(N=170) 
P value 

Length of stay, days 6.9 2.1 7.1 3.1 0.61 

Ventilation time, hours* 6 4-10 6 4-10 0.44 

Ventilator >24 hours 2 1.2% 4 2.4% 0.69 

Peak CKMB, microgram/l* 19 14-25 20 15-26 0.28 

Inotropes 24 14.9% 25 14.7% 1.00 

Atrial fibrillation 52 32.3% 48 28.2% 0.49 

Transfusion 49 30.4% 37 21.8% 0.09 

Superficial sternal wound infection 0   2 1.2% 0.50 

Arm or leg wound complication 5/130 3.8% 1/167 0.6% 0.09 

Reoperation for bleeding 3 1.9% 4 2.4% 1.00 

Myocardial infarction (CKMB >80) 6 3.7% 4 2.4% 0.53 

Re-angiography 2 1.2% 4 2.4% 0.69 

Re-operation for graft failure 2 1.2% 2 1.2% 1.00 

PCI 1 0.6% 0   0.49 

IABP 2 1.2% 0   0.24 

Stroke 0  2 1.2% 0.50 

Deaths 1 0.6% 0   0.49 

Discharge directly to home 147 91.3% 158 92.9% 0.73 
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Three months’ follow-up – study I 

There were no deaths or MIs reported and no statistically significant differences in complications 

requiring hospitalization (table 6). 

 

    Table 6. Three months’ follow-up 

    

Presented as number and %. Other cardiac-related: sudden loss of consciousness, observation for     

suspected pulmonary embolism/pericardial effusion. Other non-cardiac: urogenital, gastrointestinal or 

malignancy. 

 Type of revascularization  

 
Total arterial 

(N=160) 

Conventional  

(N=170) 
P value 

Patients readmitted 39 24.4% 43 25.3% 0.95 

Readmission for:      

Arm or leg wound complication 3 1.9% 6 3.5% 0.50 

Atrial fibrillation 6 3.8% 11 6.5% 0.39 

Observation for MI 9 5.6% 6 3.5% 0.52 

Thoracenthesis 6 3.8% 4 2.4% 0.53 

Sternal rewiring 4 2.5% 0  0.05 

Reoperation for pericardial effusion 0  1 0.6% 1.00 

Pneumonia 2 1.3% 6 3.5% 0.29 

PCI 0  1 0.6% 1.00 

Stroke 3 1.9% 1 0.6% 0.36 

Other cardiac-related 9 5.6% 6 3.5% 0.52 

Other non-cardiac 8 5.0% 10 5.9% 0.91 

Questionnaire follow-up: (N=152) (N=160)  

CCS class 1 142 93.4% 152 95.0% 0.72 

CCS class 2 10 6.6% 7 4.4%  

CCS class 3 0  1 0.6%  

NYHA class 1-2 147 96.7% 152 95.0% 0.64 

NYHA class 3 5 3.3% 8 5.0%  

Patients with atrial fibrillation 10 6.3% 15 8.8% 0.50 

Arm or leg motor dysfunction 6/129 4.7% 19/160 11.9% 0.05 

Arm or leg sensor dysfunction 35/129 27.1% 54/160 33.8% 0.28 

Arm or leg wound complication 22/129 17.1% 38/160 23.8% 0.21 

Total cholesterol, mmol/l 4.2 ±1.0 4.3 ±0.9 0.78 
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Graft patency – study II 

In the TAR group 132 patients (82%) and in the CR group 143 patients (84%) underwent 

angiography and were available for analysis of the overall mean patency index. Of these, 5 TAR 

group patients and 2 CR group patients had one or more not definitive graft failures, as these 

were not properly visualized. 

The overall mean patency index was 87% in the TAR group and 88% in the CR group (P=0.52) 

(table 7). That is, the average patient had a stenosis above 50% in 12-13% of grafts one year 

postoperatively. RA grafts in the TAR group and SVGs in the CR group had comparable patency 

indices and 95% CIs. In 91 patients (72%) of the TAR group versus 95 patients (67%) of the CR 

group all grafts were patent (P=0.45). When grafts with stenoses ≤90% were regarded as patent, 

the overall mean patency indices in both groups were 90% (P=0.52). 

 

  Table 7. One-year angiography 

 

  Type of Revascularization   

 Total Arterial (N=161) Conventional (N=170) P value 

Months to angiography * 10.8 2.1 11.1 2.1 0.30 

   

Patency: grafts <50% stenosed  Mean patency index (%)  

Overall  87 83-91 (N=132) 88 85-91 (N=143) 0.52 

LITA 94 89-98 (N=125) 95 91-99 (N=140) - 

RITA 91 84-98 (N=66)    - 

RA 85 79-92 (N=107)    - 

SVG    86 80-92 (N=139) - 

All grafts patent, patients 91 71.7% (N=127) 95 67.4% (N=141) 0.45 

   

Patency: grafts ≤90% stenosed Mean patency index (%)  

Overall 90 86-93 (N=132) 90 87-93 (N=143) 0.52 

LITA 96 93-100 (N=125) 98 95-100 (N=140) - 

RITA 91 84-98 (N=66)    - 

RA 89 83-95 (N=107)    - 

SVG    87 82-93 (N=139)  - 

All grafts patent, patients 98 77.2% (N=127) 101 71.6% (N=141) 0.30 

 

   * Mean  1 standard deviation. Patency index: percentage of patent grafts of total number of 

     constructed grafts per patient with 95% CIs. 
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Analysis of missing angiographic data – study II 

For calculation of the patency index 17% of angiograms were missing, and for analysis of 

patients with all grafts patent angiographic data were incomplete in additionally 2% of the 

patients. The sensitivity analysis revealed a highly statistically significant benefit of TAR 

respective CR, that is, the treatment effect seemed dependent on the distribution of missing data. 

Patients not undergoing control angiography could have more severe CAD: they were older, more 

often women, and their number of grafts were higher. 

After multiple imputation of ten new datasets, the Mann-Whitney tests for the group differences 

of the median patency index (TAR versus CR) in all datasets were statistically insignificant 

(P>0.4) and the median patency index was 100% in both groups in all the imputed datasets. The 

aggregated results of the analyses with the Student t-test on the ten datasets showed an 

insignificant effect of TAR versus CR on the mean patency index of –0.8% (95% CI –6.2-4.6%) 

(P=0.78). For patients having all grafts patent, the result was 66% in the TAR group versus 63% 

in the CR group showing a statistically insignificant aggregated intervention effect of 3% (95% 

CI –20-27 %) (P=0.79). 

 

Predictors of graft failure – study II 

The type of revascularization did not statistically significantly affect whether patients had graft 

failure or not; the univariate model gave a HR of 0.99 (95% CI 0.65-1.52) (P=0.97) and the 

multivariate a HR of 2.53 (95% CI 0.37-17.6) (P=0.35). In the univariate analysis only the 

number of grafts were a statistically significant predictor of graft failure (P=0.003) and in the 

multivariate this was also the only covariate remaining with a HR of 1.41 (95% CI 1.12-1.77) 

(P=0.003). Hence for every additional graft constructed, the risk that one or more would 

eventually fail increased with 41% independently of the other covariates. With only the 

covariates type of revascularization and number of grafts in the model, the HR for graft failure 

due to type of revascularization was 0.90 (95% CI 0.58-1.38) and not statistically significant, 

while the HR, due to number of grafts, was 1.42 (95% CI 1.13-1.80) and still significant 

(P=0.003). After categorizing patients into one group with less than 3 grafts and one with 3 or 

more, the covariate was still statistically significant (P=0.015), and the HR for graft failure 

doubled when a patient changed from the first to the second group: HR 2.00 (95% CI 1.15-3.49) 

(P=0.015). Concordantly, the Kaplan-Meier plot (figure 5) shows that this factor influences 

freedom from graft failure (P=0.013). 
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               Figure 5. 

 

  

Kaplan-Meier plot showing freedom from graft failure (any graft stenosis ≥50%) for patients with less than 

3 versus 3 or more grafts. 

 

Cardiac event-free survival – study II 

No patients were lost to follow-up of cardiac events, i.e. there were no missing admission data. 

Within 11 months of follow-up there were 37 (23%) patients in the TAR group and 43 (25%) in 

the CR group (P=0.70) with a protocol defined cardiac event (table 8). 

In the univariate analysis only the number of grafts and the number of vessel disease came close 

to statistical significance, for type of revascularization, the HR was 1.09 (95% CI 0.70-1.69) 

(P=0.70). When patients were categorized into two groups: one with less than 3 grafts and one 

with 3 or more, and this was used in a univariate analysis, a HR of 0.62 (95% CI 0.39-0.97) 

(P=0.038) was obtained. Thus the HR for a cardiac event seemed to be reduced by 38% when 3 

or more grafts were constructed. In the multivariate analysis, this categorical covariate came 

closest to statistical significance (P=0.14). A statistically significant difference (P=0.036) was 

found in cardiac event-free survival between the two groups of patients categorized according to 

having equal or more versus less than the median number of grafts constructed (figure 6). 

When omitting the patients with observation for suspected but not confirmed MI from the 

composite outcome of cardiac events, there were only 21 cardiac events (13.0%) in the TAR 

group and 23 (13.5%) in the CR group (P=1.0). A univariate analysis with the number of grafts as 

a categorical variable was statistically significant (P=0.03), but the Log Rank test was not 

(P=0.10). 



 33 

Per protocol analysis of primary outcome measures – study II 

Per protocol analysis of the primary outcome measures had no relevant influence on the results. 

     

    Table 8. One-year clinical outcome 

                    

 

    Figure 6. 

 

 

Kaplan-Meier plot showing cardiac event-free survival for patients with less than 3 versus 3 or more grafts. 

  Type of Revascularization   

 

Total Arterial 

(N=161) 

Conventional 

(N=170) 
P value 

Months to follow-up, mean  1 standard deviation 11.0 2.0 11.2 2.0 0.36 

Patients with a cardiac event 37 23.0% 43 25.0% 0.70 

Cardiac events, admissions:      

- observation for myocardial infarction 16 9.9% 20 11.8% - 

- arrhythmia 10 6.2% 12 7.1% - 

- unstable angina 4 2.5% 5 2.9% - 

- verified nonfatal MI 2 1.2% 4 2.4% - 

- heart failure 2 1.2% 4 2.4% - 

- symptom driven angiography 9 5.6% 10 5.9% - 

- PCI 4 2.5% 3 1.8% - 

Cardiac death 1 0.6% 0  0.49 

Non-cardiac death 0  2 1.2% 0.50 
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Health-related quality of life – study III   

Baseline characteristics were comparably matched between groups, except for a tendency 

towards a higher social functioning score in the CR group (P=0.10). Ninety percent of patients 

filled in the baseline SF-36 questionnaire and scores on all scales were statistically significantly 

(P<0.001) lower than for a sample of the general Danish population (36-72 years). After 3 

months, 92% of patients filled in the SF-36 questionnaire and except from physical functioning, 

bodily pain, general health and mental health in both groups, absolute scores were still 

statistically significantly below the general Danish population. After 1 year (11 months) 92% of 

patients filled in the SF-36 questionnaire and now absolute scores were comparable to or higher 

than for the general population. For all scales and the two summaries, according to 95% CIs, 

there was an improvement in scores 3 and 11 months postoperatively, with improvements being 

greatest from 3 to 11 months. However, for social functioning the improvement from baseline to 

3 months in the CR group was only borderline statistically significant: 3.6 (95% CI -0.2 to 7.4) 

(table 12). For social functioning, there was a statistically significant overall difference in 

improvement between groups favoring the TAR group (P=0.01). For the physical component 

summary, bodily pain and vitality, there were borderline statistically significant overall 

improvements favoring TAR (P<0.10). 

 

Angina and functional status – study III   

There were no differences between groups after one year in angina or functional class (table 13). 
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Table 12. Changes in SF-36 scores from baseline to 3 months and from baseline to 1 year 

  Total arterial 

revascularization  

Conventional 

revascularization  

 

  0–3 months 

(95% CI) 

0–1 year 

(95% CI)  

0–3 months 

(95% CI) 

0–1 year 

(95% CI)  

P 

value 

Physical component 

summary 

 8.2 (6.4-10.1) 12.0 (10.2-13.8) 

 

6.4 (4.6-8.2) 10.0 (8.3-11.6)  0.09 

Physical functioning  18.5 (14.3-22.6) 23.4 (19.6-27.1)  13.3 (9.2-17.3) 19.7 (16.0-23.4)  0.12 

Physical role  22.1 (13.6-30.6) 44.6 (36.8-52.5)  25.7 (17.4-34.0) 41.5 (33.9-49.1)  0.94 

Bodily pain  22.2 (16.8-27.6) 34.1 (29.3-39.0)  17.3 (12.0-22.6) 27.6 (22.8-32.3)  0.07 

General health  8.8 (5.1-12.5) 12.6 (8.9-16.3)  6.3 (2.6-9.9) 10.3 (6.8-13.9)  0.31 

Mental component 

summary 

 5.2 (3.0-7.4) 6.8 (4.8-8.9) 

 

2.8 (0.7-4.9) 5.3 (3.4-7.3)  0.17 

Vitality  16.6 (12.5-20.8) 22.2 (18.2-26.1)  11.0 (7.0-15.0) 18.5 (14.7-22.3)  0.08 

Social functioning  10.6 (6.7-14.5) 14.3 (10.0-18.6)  3.6 (–0.2-7.4) 7.9 (3.7-12.1)  0.01 

Emotional role  14.9 (6.8-23.1) 26.5 (18.5-34.6)  13.0 (5.0-21.0) 24.0 (16.2-31.8)  0.67 

Mental health  13.4 (9.6-17.3) 17.8 (14.3-21.3)  9.1 (5.4-12.9) 14.1 (10.8-17.5)  0.10 

 

Expressed as mean and 95% CI. P values are for the overall difference in change between the two groups 

corrected for repeated measurements. 

 

Table 13. One-year angina and functional status and graft harvest complications 

 

Number and % and mean  1 standard deviation. 

 Type of revascularization  

 Total arterial (N=161) Conventional (N=170) P value 

CCS class 0-1 137 85.1% 148 87.1% 0.61 

CCS class 2 12 7.5% 10 5.9% - 

CCS class 3 0  1 0.6% - 

NYHA class 1-2 144 89.4% 152 89.4% 0.99 

NYHA class 3 5 3.1% 6 3.5% - 

CCS/NYHA unknown 12 7.5% 11 6.5% - 

Sternal rewiring 5 3.1% 2 1.2% 0.27 

Sternal pain 23/150 15.3% 21/157 13.4% 0.63 

Arm vs. leg wound, admissions 2 1.2% 6 3.5% 0.29 

Arm vs. leg motor dysfunction 6/129 4.7% 8/155 5.2% 0.84 

Arm vs. leg sensor dysfunction 22/129 17.1% 38/155 24.5% 0.13 

Arm vs. leg pain 11/129 8.5% 13/155 8.4% 0.97 
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Wound complications 

Within three months there was a tendency (P=0.05) in the TAR group toward more sternal 

complications and possibly fewer arm or hand motor complications (primarily reduced strength), 

than there were leg or foot motor complications in the CR group (table 6). However, after 11 

months there were no differences in graft harvest related complications (table 13). Anyhow, in 

this limited material use of BITA versus a single ITA might seem to increase sternal 

complications requiring rewiring (4/80 [5%] versus 3/251 [1.2%]) with an odds ratio of 4.35 

(95% CI 0.95-19.9) (P=0.04). Only one patient in the TAR group also had deep sternal wound 

infection. 

 

Discussion 

 

Primary outcome measures: one-year results – study II  

Based on the angiographic and clinical primary outcome measures expressed as the mean patency 

index, proportion of patients with all grafts patent and a composite clinical outcome of cardiac 

events with or without admission for suspected MI, we could not demonstrate a statistically 

significant difference in TAR versus CR one year postoperatively in the CARRPO trial. 

The power analysis prior to initiation of the study thus enables us to exclude a one-year 

difference in the patency index of ≥15%. This is supported by a thorough analysis, which also 

revealed, independent of type of revascularization, that the number of grafts constructed were 

statistically significantly associated with both graft patency and cardiac events including 

admission for suspected, not confirmed MI, but not when this relatively weak endpoint was 

excluded. 

Logically, an increased number of grafts were associated with a higher risk of graft failure, but 

also a lower risk of a cardiac event. It is unknown if the rate of admissions for suspected, not 

confirmed MI is correlated with incomplete revascularization, but the latter has been reported to 

predict worse outcome regarding survival, freedom from cardiac events and severe angina 

(84;85). 

Patients in our trial were relatively unselected and 30% of target vessels in both groups were 

below 1.5 mm indicating that everyday patients were recruited. There was a comparable amount 

of completely revascularized patients in the two groups even though CR patients received slightly 
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more grafts. Because no differences in clinical outcome or angina-class were noted, more 

stenoses of minor importance seem to have become grafted in the CR group in which SVGs 

offered more graft material. We completely revascularized 81% of patients, which is almost 

comparable with a previous RCT in which grafting of target vessels <1.5 mm was not required 

(86). 

The robust cardiac events were few: death, MI and revascularization did not occur more often 

than in contemporary RCTs (62;86).  

Performing RCTs of surgical procedures has never been straightforward. Numerous factors 

complicate and influence the active intervention itself, blinding is rarely possible, and patients 

cannot actually withdraw their consent once the operation has been performed. These are 

obviously not the only difficulties we have experienced, but despite the challenges RCTs are 

highly needed since relatively few surgical procedures are evidence based. 

Our results are in contrast with four randomized single-center studies of Muneretto and 

colleagues with a total of 748 patients documenting superior graft patency, lower recurrence of 

angina and fewer cardiac events 12-18 months after TAR versus CR (table 1) (67-70). 

Completeness of angiographic follow-up varied (51-90%), but a population including more 

diabetics (~40%) may have influenced on the early occurrence of benefit of TAR. Also their 

operative risk (mean EuroSCORE 4-8) and age were higher (mean 67-77). Conversely, TAR 

patients seemed to have more sequential RA grafts versus more single SVGs in the CR groups. 

This might explain the inferior SVG patency and related events as sequential grafts generally 

seem to have superior patency (87;88). In our trial 42% of patients with RA grafts and 52% of 

patients with SVGs had sequential grafts. 

We have used the patency index as a measure of overall function of grafts in the individual 

patient, but it is readily comparable with the usual expression of graft patency: proportion of 

patent grafts of the total number of constructed grafts in a population. In our trial the 1-year mean 

patency index of the LITA is acceptable while a lower RITA patency index of 91% could be a 

consequence of the 12% of grafts anastomosed to moderately stenosed RCAs (42). The RA mean 

patency index in our study appears lower than reported in the randomized multi-center RA 

patency study (62), in which 8.2% of RAs were occluded after one year. When adding another 

7% showing diffuse narrowing below 1mm (string sign), which in our definition is graft failure, 

the result matches our mean RA patency index of 85%. 
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Hospital stay and three months’ follow-up – study I 

Longer operation time and BITA harvest in itself may have accounted for the tendency towards 

more transfusions, primarily red blood cells, in the TAR group. BITA harvest has previously 

been found to increase operation time and postoperative bleeding (55). More TAR group patients 

received blood cardioplegia, partly because non-project surgeons using crystalloid cardioplegia 

operated six CR group patients. This could have masked a difference in postoperative levels of 

CK-MB and the need for inotropes (89), but since only 16 (14%) more patients in the TAR group 

than in the CR group had blood cardioplegia, the impact on our data seems limited. As expected, 

the in-hospital perioperative morbidity and mortality were similar in the two groups. Serious 

complications were few in these low to medium risk patients. 

Seemingly, patients undergoing TAR are not suffering more complications in the 3-month 

postoperative period, but surprisingly a quarter of all patients had been readmitted. This could be 

a result of the relatively short postoperative hospital stays. Freedom from angina (CCS 1) after 3 

months was over 90% even though 19% of patients were left with untreated coronary lesions. 

Health-related quality of life and wound complications – study III 

Our results show that compared with CR, TAR can be performed with a comparable or possibly 

improved HRQoL. For both types of revascularization the improvement after 3 and 11 months 

was marked and only for CR after 3 months, there was no statistically significant improvement in 

social functioning. At the same time there was an overall statistically significant improvement 

from baseline over 3 months to 11 months for social functioning in the TAR group compared 

with the CR group (P=0.01). The lacking improvement in the CR group after 3 months explains 

much of this, however, the tendency towards a lower baseline score in the TAR group may also 

have had an influence. The latter supports that it could be an incidental finding. However, for the 

physical component summary, bodily pain and vitality, there were tendencies towards statistical 

significance (P<0.10) all favoring the TAR group. The inherently unblinded design may have 

introduced bias despite the blinded analysis of the data. Patients, caregivers and researchers may 

unintentionally have had higher expectations for TAR than for CR. Our one-year results of more 

robust outcome measures showing no differences between groups support this. 

Conversely, our trial was underpowered to detect small but potentially existing relevant 

differences (5-10 points) in SF-36 scores (90). This is also the case for reporting complications 

related to conduit harvest. Large numbers of patients are needed to firmly document small 

differences in events occurring seldomly such as sternal dehiscence after BITA harvest even 
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though our randomized data seem to confirm results from large cohort studies (55;57). The 

incidence of rewiring for sternal dehiscence for patients with BITA grafts was 5% within one 

year, which is comparable to a Swedish study reporting this complication in 3.6% of patients with 

BITAs up to 7 months after CABG (91). An Italian study reported an incidence of 4.7% of deep 

sternal infections after pedicled BITA harvest until 2 months postoperatively (54). In both studies 

BITA use increased the risk 3-fold. 

Harvest of SVGs and RAs seems to inflict comparably on the occurrence of complications in 

both groups after one year, but again the relatively limited number of patients may obscure small 

but true differences. This is supported by our results from three months’ follow-up in which 4.7% 

of patients (6 of 129) in the TAR group reported any arm motor dysfunction versus 11.9% of 

patients (19 of 160) in the CR group reporting leg motor dysfunction. The difference was 

borderline statistically significant (P=0.05). These subtle differences related to conduit harvest 

may have had influence on the findings in HRQoL, but in previous studies HRQoL has not been 

found to be affected by symptoms related to RA harvest (92). 

In our trial the prevalence of pain and neurologic complications after conduit harvest after one 

year is comparable to relatively recent reports. The prevalence of any sensory dysfunction more 

than one year after RA harvest ranges from 9.4-18.1% (92-96). The rate of motor dysfunction 

(decreased thumb strength) after one year has been reported to be 5.5% (95), and the rate of any 

arm or hand pain 8.4% (93). Bruce and colleges reported 2 years after CABG self-reported 

chronic chest pain without angina in 9.3% of patients and chronic leg pain after saphenous vein 

harvest also in 9.3% of patients (97). Self-reported sensory disturbances after saphenous vein 

harvest have been reported in 21.1% after 2 years (98). Sole non-neuropathic and neuropathic leg 

pain after SVG harvest for CABG do not seem to be associated with reduced HRQoL (97). 

Only Kurlansky and colleges have studied HRQoL related to arterial revascularization. In a 

retrospective study and according to the SF-36 questionnaire, HRQoL was comparable 10 years 

after CABG in women with a single ITA graft compared with women with BITA grafts (99). 

However, in a study of octogenarians, at least one arterial graft compared with only SVGs 

seemed to increase HRQoL statistically significantly after three years (100).  

Contemporary RCTs comparing off- and on-pump coronary surgery and measuring HRQoL one 

year after CABG using the SF-36 show, in relation to our results, reasonably comparable absolute 

SF-36 scores and changes in scores over time (101-103). 
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Study limitations 

Generally, single center trials are less generalizable and in our trial the individual surgeon 

decided the choice and configuration of grafts. This has led to a heterogeneous population 

regarding the different graft types. The RA was placed as a graft also to coronary arteries with 

moderate degrees of stenoses. This may have given less favorable results in the TAR group (41). 

 

Study strengths 

On the contrary, our primary focus was TAR as a treatment modality and this makes the 

heterogenousity of our population and the results more comparable to the real-world setting. 

Also, when evaluating a procedure that is difficult to standardize, it may be an advantage that the 

study is based on a single center. Since seven surgeons were involved and did both types of 

revascularization, we believe that the results may be generalized. The follow-up of cardiac events 

was complete and a high percentage of patients were examined angiographically. Bias was also 

minimized by blinded angiographic interpretation and blinded statistical analysis. For RCTs with 

angiographic outcome measures follow-up is seldom complete and here multiple imputation 

seems valuable for simulating missing data and analyzing their possible impact on results instead 

of just quantifying the problem by means of sensitivity analysis. 

 

Conclusion 

These results from the CARRPO trial confirm previous reports that TAR can be performed with 

low in-hospital morbidity and mortality. Also in the three postoperative months TAR did not lead 

to more complications and admissions than conventional CABG. During TAR slightly fewer 

bypasses are established, but still, clinical outcomes, including angina pectoris, were comparable 

to conventional grafting. One year after TAR versus CR for multivessel and LMS CAD there 

were no statistically detectable differences in outcomes regarding graft patency and cardiac 

event-free survival. TAR seems as safe and effective as CR and regarding HRQoL measured by 

the SF-36 questionnaire, TAR is at least comparable to results after CR. 
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Future perspectives 

Myers and colleagues in a randomized single-center trial with 162 low-risk patients compared 

TAR (BITAs) with CR and found no differences in survival or cardiac events 5 years after (71). 

Buxton and colleagues did a 5-year interim analysis of graft patency and clinical outcomes in 

their randomized study of 438 patients and found no significant differences. Here the RA is a 

primary focus, but nonetheless TAR is compared with CR. But since only 80 patients received 

CR and only around 30% underwent angiography (66) longer term data from RCTs are still 

necessary.  

The lack of differences in the CARRPO trial between TAR and CR is expected, taking into 

account the short follow-up period. Significant differences appearing already would seem to be 

attributable to inferior surgical technique. The presented data represent a reliable baseline for 

future follow-up, but future analyses should be adjusted for the number of constructed grafts. 

Also, an even higher frequency of missing data has to be expected in future analyses due to an 

aging population with comorbidities. Thus, multiple imputation of missing data seems to become 

mandatory. On the other hand, new non-invasive examinations like computed tomography 

angiography may turn out to be equally or even more effective tools to monitor graft patency in 

the future. 

Future follow-up in the CARRPO trial will help to clarify whether these results are maintained in 

the longer term and if graft patency is superior after total arterial revascularization and confers 

improved cardiac event-free survival and health-related quality of life. 
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Comparable three months' outcome of total arterial
revascularization versus conventional coronary
surgery: Copenhagen Arterial Revascularization
Randomized Patency and Outcome trial
Sune Damgaard, MD,a Jens T. Lund, MD,a Nikolaj B. Lilleør, RN,a Mario J. Perko, MD, DMSc,a K�re Sander, MD, DMSc,a

Blagoja Dimo, MD,a Maiken B. Jensen, MD,b Jan K. Madsen, MD, DMSc,d Henning Kelbæk, MD, DMSc,c and
Daniel A. Steinbr�chel, MD, DMSca

Objective: The in-hospital safety of total arterial revascularization for coronary artery

bypass surgery seems to be comparable to conventional revascularization, but ran-

domized trials evaluating this are few and data on complications in the postoperative

months are sparse.

Methods: In a randomized single-center trial, 331 patients underwent total arterial

revascularization using single or bilateral internal thoracic and radial arteries versus

conventional revascularization using the left internal thoracic artery and saphenous

vein grafts. We report the results from 3 months’ follow-up.

Results: The mean age of patients was 59 6 8 years, and 39 were women (12%). The

median EuroSCORE was 2 (interquartile range 1–4). The arterial group comprised

161 patients, and the conventional group comprised 170 patients. The mean number

of bypasses in the arterial group was 2.9 6 0.9 versus 3.2 6 0.9 in the conventional

group (P 5 .004). Three months’ follow-up for the arterial versus conventional groups

showed the following: deaths: 1 (0.6%) versus 0; stroke: 3 (1.9%) versus 3 (1.8%);

myocardial infarction: 6 (3.7%) versus 4 (2.4%); sternal wound reoperation: 4

(2.5%) versus 0 (P 5 .054); arm and leg wound complications requiring hospitaliza-

tion: 3 (1.9%) versus 6 (3.5%) (P 5 .50), respectively.

Conclusion: These results confirm previous reports that total arterial revascularization

can be performed with low in-hospital morbidity and mortality. Further, in the 3 post-

operative months, total arterial revascularization did not lead to more complications or

admissions than conventional surgery. Arterial grafting was performed with signifi-

cantly fewer bypasses, but no differences in anginal status were seen after 3 months.

A tendency toward more sternal complications after arterial grafting was observed,

but clinical outcomes were comparable to conventional grafting.

C
oronary surgery is a well-documented operative procedure, but the main fac-

tors influencing long-term outcome have not undergone scientific scrutiny.

The standard conduits for coronary artery bypass grafting (CABG) have

long been the left internal thoracic artery (LITA) and saphenous vein grafts. Bypass

graft patency is an important factor to predict patient outcome after CABG, and the

unsatisfactory long-term results of vein grafts have led to an increased use of arterial

grafts.1 The internal thoracic artery (ITA) offers patients a survival benefit and supe-

rior graft patency compared with vein grafts.2 The use of bilateral internal thoracic ar-

tery (BITA) grafts seems to improve survival even further.3 The need for additional

grafts and concern about sternal complications after BITA harvest have increased

the use of the radial artery. The seemingly superior patency rates compared with

vein grafts have led to its revival.4 The combination of ITA and radial artery grafts
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Abbreviations and Acronyms
BITA 5 bilateral internal thoracic artery

CABG 5 coronary artery bypass grafting

ITA 5 internal thoracic artery

LAD 5 left anterior descending

LITA 5 left internal thoracic artery

PCI 5 percutaneous coronary intervention

RITA 5 right internal thoracic artery

TAR 5 total arterial revascularization

for total arterial revascularization (TAR) is scientifically ac-

cepted as a potentially superior treatment but is not com-

monly used.5,6 The evidence for its benefits is sparse. Few

large retrospective comparative series and randomized trials

show signs of superior graft patency and clinical out-

come.7-9 However, one randomized trial did not show differ-

ences in clinical outcome or patency after 5 years.10

The postoperative in-hospital safety and morbidity after

TAR seems to be comparable to that of conventional sur-

gery,7-9 but the impact on the months after patient discharge

is unknown. We compared CABG with the use of LITA or

BITA and the radial artery (ie, TAR) vs conventional revas-

cularization using LITA and saphenous vein grafts, in rela-

tively unselected patients with 2- or 3-vessel coronary

artery disease. In this article we focus on short-term peri-

and postoperative mortality and morbidity.

Materials and Methods
Trial Design
Patients were randomly allocated to 2 groups: TAR (primarily LITA

or BITA, and radial artery) or conventional revascularization (LITA

and vein grafts). The primary outcome measures are angiographic 1-

and 5-year distal anastomotic patency and cardiac event-free survival

at 1, 5, and 10 years postoperatively. Secondary outcome measures

are perioperative mortality and morbidity.

Ethics
The trial was conducted in accordance with the Helsinki Declaration,

is registered with ClinicalTrials.gov (number: NCT00159991), and

was approved by the Regional Research Ethics Committee for Co-

penhagen (number: [KF] 01-137/01). The funding agencies were

not involved in the data interpretation or other aspects of the trial.

Statistics
Sample size was calculated according to the primary outcome mea-

sure: 5-year distal anastomotic patency in the 2 groups. An absolute

patency difference of 15% in favor of TAR was regarded as clini-

cally relevant. To detect a difference of this magnitude at 5 years,

15% improved patency for arterial grafts (85% vs 70%), with a 90%

power and 5% level of significance, the group sizes were N 5

150.11 A total of 331 patients were included. Data were entered into

an Access database (Microsoft 2000; Microsoft Corp, Redmond,

Wash) and analyzed by intention to treat principles using the

Statistical Package for the Social Sciences 13.0 (SPSS Inc,

Chicago, Ill). Normally distributed continuous data were presented

as mean and standard deviation and analyzed using unpaired t
test. Median and quartiles and the Mann–Whitney test were

used for not normally distributed continuous data. Categoric

data are presented as number and percentages and analyzed using

the chi-square test with continuity correction or the Fisher exact

test as appropriate. All tests were 2-tailed.

Patient Inclusion
The day before surgery, patients were informed, written and oral

consent were obtained, and included patients received a trial number

and randomization code. Random allocation was stratified by sex

and diabetes state (insulin requiring). The coded randomization

envelopes were kept in a locked room at the surgical ward. A nurse

without relation to the trial handled and opened the envelopes.

Inclusion Criteria
Patients with 2- or 3-vessel coronary artery disease referred for elec-

tive or urgent CABG (.1 graft planned) were eligible provided they

were aged less than 70 years with a left ventricular ejection fraction

greater than 35%. Patients were required to have a normal Allen’s

test result and be able to give informed consent.

Exclusion Criteria
Patients were excluded from the trial for the following reasons: in case

of aneurysm of the left anterior descending (LAD) coronary artery,

concurrent malignant disease with expected survival less than 5 years,

unsuitable saphenous vein grafts evaluated preoperatively, emer-

gency operation, other concomitant heart surgery, or reoperation.

Anesthesia
Regardless of the type of revascularization, patients were anesthe-

tized in the same manner using midazolam, thiopental, fentanyl,

pancuronium, and isoflurane 0.4% to 1.0%. Infusion of propofol

was started after the end of perfusion. The infusion of nitroglycerin

was started before the aortic crossclamp was released.

Surgery
For surgery, median sternotomy and normothermic extracorporeal

circulation with primarily cold blood cardioplegia were used. The

radial artery or saphenous vein was harvested by the open technique

and the LITA or both thoracic arteries were prepared as pedicles.

Both radial artery and vein grafts were stored in a solution of verap-

amil 5 mg, nitroglycerin 2.5 mg, 500 IU of heparin, 0.2 mL of 8.4%

sodium bicarbonate, and 300 mL of Ringer’s solution.12 The same

surgeons performed both types of operations and contributed

equally to both groups. The operating surgeon decided how to per-

form the revascularization. A body mass index greater than 35 kg/

m2 combined with insulin-requiring diabetes was a contraindication

for the use of BITA. The radial artery was used as a single or sequen-

tial graft and anastomosed proximally to the aorta or used as a com-

posite graft. The right internal thoracic artery (RITA) was primarily

used as a pedicled graft. Saphenous vein grafts were proximally

anastomosed to the aorta and used as single and sequential grafts.

The LITA was primarily used as a graft to the LAD with or without

jumps to diagonal branches. Proximal aortic anastomoses were sewn

with Prolene 6-0 for arterial grafts and Prolene 5-0 for vein grafts.

All distal anastomoses and composite arterial graft anastomoses
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were performed with Prolene 7-0. The diameters of target vessels

were graded smaller or larger than 1.5 mm by use of an intraluminal

probe.

Postoperative Care
The nitroglycerin infusion was continued to 6 AM the morning after

surgery in a dose of at least 0.5 mg/kg/min unless low blood pressure

prohibited this. From postoperative day 1, all patients in both groups

received amlodipine 5 mg increased to 10 mg for 3 months if toler-

ated. Aspirin and statin treatment were standard for all patients.

Three-month Follow-up
Clinical follow-up was conducted 1 to 2 months postoperatively at

referring hospitals. At 3 months, patients filled in a questionnaire an-

swering if there had been any admissions, complications, or change

in medication. Patients reporting complications were contacted by

telephone and seen by a project surgeon or cardiologist in the outpa-

tient clinic if indicated. All admissions within 90 days after the

operation were double-checked in the national Danish patient ad-

mission database (Green System, CSC Scandihealth), which stores

diagnoses and discharge letters from admissions at almost all hospi-

tals in Denmark. The hospitals not included are not in regions where

any of the trial patients lived, and no patients reported being admit-

ted to any of these hospitals.

Results
Patient Inclusion
Of 1969 isolated first-time CABG procedures (February 21,

2002, to February 22, 2005), 1136 patients were available

for screening. For flowchart, see Figure 1.

Baseline Data
There were no differences in baseline data between the 2 groups

except that there were more patients in the conventional group

with previous stroke or transient cerebral ischemia (Table 1).

Overall, the indications for coronary angiography were as

follows: stable angina, 55.6%; non-ST-elevation myocardial

infarction, 26.6%; primary percutaneous coronary intervention

(PCI) for ST-elevation myocardial infarction, 8.5%; and unsta-

ble angina, 7.9%. Preoperatively, 91.5% of patients were taking

aspirin (1-week pause), 28.7% of patients were taking clopidog-

rel (1-week pause), 84.3% of patients were taking statins, 27.8%

of patients were taking angiotensin-converting enzyme inhibi-

tors, 11.8% of patients were taking angiotensin receptor

blockers, 76.7% of patients were taking beta-blockers, 21.5%

of patients were taking calcium channel blockers, and 58.3%

of patients were taking nitrates. At inclusion, 49.6% of patients

were smokers.

Operative Data
TAR group. It took a mean of 21 extra minutes to prepare

the arterial conduits (95% confidence interval 10–31 min-

utes), and blood cardioplegia was more often used (Table

2). LITAs were used as a sequential grafts in 19 cases

(11.8%), and RITAs were used as free grafts in 12 of 77 cases

(15.6%). The radial artery was used as a sequential graft in

54 of 128 patients (42.2%) and proximally anastomosed to

the aorta in 96 patients (75.0%). In 24 patients (14.9%),

a LITA to radial artery composite graft was constructed,

Figure 1. Flowchart. *Extreme obesity,
severe renal disease, severe handicap,
abuse or psychiatric disease, and se-
vere femoral atherosclerosis. zTakayasu
arteritis, concomitant ablation for atrial
fibrillation, urgent operation.

Damgaard et al Surgery for Acquired Cardiovascular Disease

The Journal of Thoracic and Cardiovascular Surgery c Volume 135, Number 5 1071

A
CD



and in 15 patients (9.3%) a RITA to radial artery extension

graft was constructed. The 11 crossovers to conventional re-

vascularization were the result of inadvertent error by the sur-

geon in 6 cases (4 because of a positive Allen’s test

performed erroneously after randomization by the operating

surgeon and 1 because the radial artery was of poor quality).

Other protocol violations were as follows: 5 patients received

only a LITA to the LAD because this was the only graftable

vessel in 4 patients and the only bypass needed after review

of the preoperative angiography in 1 patient. This was also

the case in 2 patients receiving only a radial artery graft

and 1 patient erroneously receiving a vein graft, all to the

right coronary artery. One patient received a radial artery to

the LAD because the LITA was of poor quality and a border-

line obtuse marginal stenosis was scheduled for PCI. Three

patients received a vein graft in addition to arterial grafts

because of insufficient arterial graft length. Two patients

with insulin-requiring diabetes and body mass index greater

than 35 had BITA grafts.

Conventional group. Saphenous veins were used as

sequence grafts in 86 patients (50.6%). Of the 3 crossovers

to TAR, 2 were due to poor vein graft material and 1 was

due to inadvertent error by the surgeon. One patient received

a RITA graft in addition to a LITA and vein graft because

there was no more usable saphenous vein material. Six

patients received a jump LITA graft to a diagonal instead of

a vein graft. The inoperable patient had unexpected pericar-

dial carcinosis from lung cancer; he recovered fairly well

postoperatively and underwent incomplete revascularization

by PCI during another admission. Other protocol violations

were as follows: one patient received only a LITA to the

LAD because this was the only graftable vessel, 1 patient

was aged more than 70 years at inclusion, 6 patients under-

went operation by non-trial surgeons, 1 patient had an ejection

fraction less than 35%, and 1 patient underwent concomitant

carotid endarterectomy.

Postoperative stay. One patient in the TAR group died of

aortic rupture at reoperation of suspected graft failure a few

hours after the primary operation (Table 3). Two patients in

the TAR group had graft occlusion diagnosed at angiography

after signs of myocardial infarction (creatine kinase MB . 80

mg/L); 1 patient with an occluded LITA underwent PCI, and

1 patient with an occluded radial artery underwent reopera-

tion. Four patients in the conventional group underwent angi-

ography because of signs of myocardial infarction: One

patient had open grafts, 2 patients underwent reoperation

for vein graft occlusion, and 1 patient, who had an occluded

LITA and 1 occluded and 1 open vein graft, did not undergo

reoperation because of extensive diffuse atherosclerosis. PCI

was attempted without success. The patient recovered and

was discharged in relatively good condition. Two patients

in the conventional group had a perioperative stroke, 1 with

paraplegia and 1 with only aphasia who recovered almost

completely before discharge. The 8% of patients who were

not discharged directly to home were transferred to referring

hospitals for rehabilitation.

Three-month follow-up. There were no deaths or myo-

cardial infarctions reported and no significant differences in

complications requiring hospitalization (Table 4). Aspirin

was taken by 95.8% of patients, statins were taken by

91.7% of patients, beta-blockers were taken by 73.7% of pa-

tients, nitrates were taken by 3.5% of patients, and 22.4% of

patients were still smoking. There were no significant differ-

ences between groups, except 135 patients (88.8%) in the

TAR group and 121 patients (75.6%) in the conventional

group had taken calcium channel blockers (P 5 .004).

Per protocol analysis. Per protocol analysis of data from

the in-hospital stay and 3 months’ follow-up did not influence

the results (135 patients in the TAR group vs 147 patients in

the conventional group).

Discussion
Our results show comparable outcome 3 months after TAR

versus conventional revascularization. Performing randomized

trials of surgical procedures has never been straightforward.

TABLE 1. Preoperative clinical status

Type of revascularization

Total arterial
(n 5 161)

Conventional
(n 5 170)

Female sex 19 (11.8) 20 (11.8)
Age, y 59 6 8 59 6 8
Body mass index, kg/m2 27 6 4 28 6 4
CCS class $ 3 51 (31.7) 43 (25.3)
NYHA class $ 3 35 (21.7) 27 (15.9)
MI , 90 d 56 (34.8) 67 (39.4)
Atrial arrhythmia 8 (5.0) 4 (2.4)
Previous PCI 31 (19.3) 27 (15.9)
Hypertension 82 (50.9) 81 (47.6)
Hypercholesterolemia 140 (87.0) 147 (86.5)
Total cholesterol, mmol/L 5.2 6 1.2 5.3 6 1.2
Nonelective surgery 57 (35.4) 65 (38.2)
EuroSCORE* 2 1–3 3 1–4
COPD 9 (5.6) 14 (8.2)
Peripheral arterial disease 18 (11.2) 20 (11.8)
Cerebrovascular disease 3 (1.9) 13 (7.6)
Creatinine . 200 mmol/L 1 (0.6) 2 (1.2)
Diabetes: insulin 6 (3.7) 9 (5.3)
Diabetes: diet/tablets 33 (20.5) 34 (20.0)
LMS stenosis only 13 (8.1) 14 (8.2)
2-vessel disease 44 (27.3) 53 (31.2)
3-vessel disease 100 (62.1) 103 (60.6)
Ejection fraction 35%–49% 48 (29.8) 42 (24.7)
Ejection fraction $ 50% 113 (70.2) 128 (75.3)

CCS, Canadian Cardiovascular Society; NYHA, New York Heart Association,
MI, myocardial infarction; PCI, percutaneous coronary intervention; COPD,
chronic obstructive pulmonary disease; LMS, left main stem coronary
artery. *Presented as number (%), mean 6 standard deviation, and *median
and quartiles.
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Numerous factors complicate and influence the active interven-

tion itself, blinding is rarely possible, and patients cannot actu-

ally withdraw their consent once the operation has been

performed. These are obviously not the only difficulties we

have experienced, but despite the challenges, randomized trials

are necessary because relatively few surgical procedures are

evidence-based. This article reports the first results from the

largest randomized trial comparing TAR with conventional

CABG.

Baseline Data
The predominance of patients with cerebrovascular disease in

the conventional group is considered to be due to chance be-

cause of the relatively limited number of patients. More than

50% of screened patients were included in the trial, thereby

yielding a relatively high internal validity. Moreover, the

fact that 30% of vessel diameters were less than 1.5 mm doc-

uments that unselected patients were enrolled.

In-hospital
Overall, 81% of patients received bypass grafts to all in-

tended target vessels. Even so, the patients in the TAR group

received a mean of 0.3 fewer distal anastomoses (95% confi-

dence interval 0.1–0.5). Saphenous veins seem to offer more

material for grafting, and perhaps coronary lesions of minor

importance are left untreated more often in arterial grafting.

This is supported by the fact that the prevalence of angina

pectoris, according to the Canadian Cardiovascular Society

classification, was the same in the 2 groups after 3 months.

Muneretto and colleagues8 reported a mean distal anastomo-

sis number of 2.8 per patient in their trial of TAR.

The longer operation time and BITA harvest in itself may

have accounted for the tendency toward more transfusions,

primarily red blood cells, in the TAR group. BITA harvest

has been found to increase operation time and postoperative

bleeding.13 More patients in the TAR group received blood

cardioplegia, partly because nonproject surgeons using crys-

talloid cardioplegia performed operations in 6 patients in the

conventional group. This may have masked a difference in

the postoperative levels of creatine kinase MB and the need

for inotropes,14 but because only 16 (14%) more patients in

the arterial group than in the conventional group had blood

cardioplegia, the impact on our data seems limited.

As expected, the in-hospital perioperative morbidity and

mortality were similar in the 2 groups. Serious complications

were few in these low- to medium-risk patients. There was

a trend toward more arm wound complications in the TAR

group than leg wound complications in the conventional

TABLE 2. Operative data

Type of revascularization

Total arterial
(n 5 161)

Conventional
(n 5 170) P value

Operation time, min 192 6 51 172 6 45 .000
CPB time 73 6 22 70 6 23 .281
Crossclamp time 45 6 15 43 6 15 .398
Blood cardioplegia 130 (83.3) 114 (69.5) .006
Use of inotropic agents 23 (14.3) 19 (11.2) .494
Tranexamic acid 140 (87.0) 141 (82.9) .386
Aprotinin 8 (5.0) 8 (4.7) 1.000
Patients with:
Only BITA 15 (9.3) 2 (1.2) —
BITA and RA 61 (37.9) 1 (0.6) —
LITA and RA 63 (39.1) 1 (0.6) —
LITA and SVG 12 (7.5) 160 (94.1) —
Only LITA 5 (3.1) 2 (1.2) —
Only RA 3 (1.9) 0 —
Only SVG 1 (0.6) 3 (1.8) —
Only RITA and RA 1 (0.6) 0 —
Complete revascularization 128 (79.5) 141 (82.9) .509
Distal anastomoses 466 542 —
Distal anastomoses/patient 2.9 6 0.9 3.2 6 0.9 .004
Patients with:

0/1/2/3/4/$5 distal
anastomoses (%)*

0/8/44/70/35/4 (0/5/27/43/22/2) 1/1/37/71/47/13 (1/1/22/42/28/8) .033

Target vessel , 1.5 mm 138 (29.6) 162 (29.9) .979

CPB, Cardiopulmonary bypass; LITA, left internal thoracic artery; RITA, right internal thoracic artery; BITA, bilateral internal thoracic artery; RA, radial artery;
SVG, saphenous vein graft. Presented as number (%) and mean 6 standard deviation. Chi-square and t tests. *Percentages are rounded numbers.
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group: Four patients had arm sensory disturbances, 1 patient

had reduced hand force, and 1 patient had leg sensory distur-

bances. This could partly be because of an increased aware-

ness of complications from the arm compared with the leg.

Three-month Follow-up
It seems that patients undergoing TAR do not experience more

complications in the short-term postoperative period, but it is

surprising that a quarter of all patients had been readmitted.

This could be a result of the relatively short postoperative hos-

pital stays. Freedom from angina (Canadian Cardiovascular

Society class 1) at 3 months was more than 90%, even though

19% of patients were left with untreated coronary lesions.

Wound Complications
Four patients in the TAR group required readmission and

sternal rewiring, 1 because of deep infection. In 3 patients,

BITA was used. No patients had diabetes or a body mass in-

dex greater than 35. The difference between groups was only

borderline significant, but the use of BITA in comparison

with a single ITA seemed to increase the risk of sternal

dehiscence 10-fold: BITA 3 of 79 (3.8%) versus single ITA

1 of 250 (0.4%), relative risk 9.53, 95% confidence interval

1.01 to 90.34, P 5 .044. All cases of sternal dehiscence are

obviously not included in this because not all patients are di-

agnosed within 3 months. Follow-up after 1 year will help to

clarify this.

Fewer patients in the TAR group seemed to experience

any sort of motor dysfunction (primarily reduced strength)

in the arm or hand compared with patients in the conventional

group who had experienced motor dysfunction in the leg or

foot. Approximately one third of patients in both groups

reported sensory disturbances (numbness and paresthesia)

from the arm and hand, the leg and foot, or the scar. Patients’

perception of sensory disturbances after radial artery harvest

is probably more common than previously reported. Up to

68% of patients report any sort of sensory disturbances; how-

ever, they are self-limiting and of only minor importance to

patients.15 Approximately 20% of patients in both groups

TABLE 3. Postoperative stay

Type of revascularization

Total arterial
(n 5 161)

Conventional
(n 5 170)

P
value

Length of stay, d 6.9 6 2.1 7.1 6 3.1 .613
Ventilation time, h* 6 4–10 6 4–10 .444
Ventilator . 24 h 2 (1.2) 4 (2.4) .685
Peak CK-MB, mg/L* 19 14–25 20 15–26 .277
Inotropes 24 (14.9) 25 (14.7) 1.000
Atrial fibrillation 52 (32.3) 48 (28.2) .493
Transfusion 49 (30.4) 37 (21.8) .094
Superficial sternal

wound infection
0 2 (1.2) .499

Arm or leg wound
complication

5/130 (3.8) 1/167 (0.6) .090

Reoperation for
bleeding

3 (1.9) 4 (2.4) 1.000

Myocardial infarction
(CK-MB . 80)

6 (3.7) 4 (2.4) .533

Re-angiography 2 (1.2) 4 (2.4) .685
Reoperation for graft

failure
2 (1.2) 2 (1.2) 1.000

PCI 1 (0.6) 0 .486
IABP 2 (1.2) 0 .236
Stroke 0 2 (1.2) .499
Deaths 1 (0.6) 0 .486
Discharged directly

to home
147 (91.3) 158 (92.9) .727

CK-MB, Creatine kinase MB; PCI, percutaneous coronary intervention;
IABP, intraaortic balloon pump. *Presented as number (%), mean 6 stan-
dard deviation, and *median and quartiles. Mann–Whitney, t, Fisher exact,
and chi-square tests.

TABLE 4. Three months' follow-up

Type of revascularization

Total arterial
(n 5 160)

Conventional
(n 5 170)

P
value

Patients readmitted 39 (24.4) 43 (25.3) .948
Readmission for:
Arm or leg wound complication 3 (1.9) 6 (3.5) .503
Atrial fibrillation 6 (3.8) 11 (6.5) .385
Observation for MI 9 (5.6) 6 (3.5) .516
Thoracentesis 6 (3.8) 4 (2.4) .532
Sternal rewiring 4 (2.5) 0 .054
Reoperation for PE 0 1 (0.6) 1.000
Pneumonia 2 (1.3) 6 (3.5) .285
PCI 0 1 (0.6) 1.000
Stroke 3 (1.9) 1 (0.6) .358
Other cardiac-related 9 (5.6) 6 (3.5) .516
Other noncardiac 8 (5.0) 10 (5.9) .912

Questionnaire follow-up: (n 5 152) (n 5 160)

CCS class 1 142 (93.4) 152 (95.0) .723
CCS class 2 10 (6.6) 7 (4.4)
CCS class 3 0 1 (0.6)
NYHA class 1 to 2 147 (96.7) 152(95.0) .637
NYHA class 3 5 (3.3) 8 (5.0)
Patients with atrial fibrillation 10 (6.3) 15 (8.8) .500
Arm or leg motor dysfunction 6/129 (4.7) 19/160 (11.9) .050
Arm or leg sensor dysfunction 35/129 (27.1) 54/160 (33.8) .279
Arm or leg wound complication 22/129 (17.1) 38/160 (23.8) .212
Total cholesterol, mmol/L 4.2 6 1.0 4.3 6 0.9 .778

MI, Myocardial infarction; PE, pericardial effusion; PCI, percutaneous coro-
nary intervention; CCS, Canadian Cardiovascular Society; NYHA, New York
Heart Association. Other cardiac-related 5 sudden loss of consciousness,
observation for suspected pulmonary embolism/pericardial effusion. Other
noncardiac 5 urogenital, gastrointestinal or malignancy. *Presented as
number (%). Chi-square, Fisher exact, and t tests.
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reported that they had been to their general practitioner be-

cause of complicated arm or leg wound healing or superficial

wound infection. However, only 1 patient in the TAR group

had been admitted for arm wound infection and treated with

intravenous antibiotics; another patient had an arm wound

hematoma surgically evacuated. A third patient in the TAR

group was admitted for an infected leg wound. The 6 patients

in the conventional group who were admitted with an in-

fected leg wound were treated with intravenous antibiotics,

and 2 patients also needed surgical revision.

Conclusions
These first results from the Copenhagen Arterial Revascular-

ization Randomized Patency and Outcome (CARRPO) trial

comparing total arterial with conventional revascularization

confirm previous reports that TAR can be performed with

low in-hospital morbidity and mortality. During the 3 postop-

erative months, arterial revascularization did not lead to more

complications and admissions than conventional CABG. Ar-

terial grafting may lead to slightly fewer bypasses, but clini-

cal outcomes were comparable to conventional grafting. The

results from the 1-year follow-up will help to clarify whether

arterial grafts lead to superior graft patency and clinical

outcome.
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ABSTRACT 

 

Aims 

To investigate clinical and angiographic outcomes after coronary surgery using total arterial 

revascularization (TAR). 

 

Methods and results 

We randomized 331 patients with multivessel and left main disease to TAR [internal 

thoracic (ITA) and radial arteries] versus conventional revascularization using left ITA and 

vein grafts. The primary angiographic outcome was the patency index: number of patent 

grafts (<50% stenosed) divided by number of constructed grafts. One-year angiography was 

complete for 83% of patients. Mean patency index was 87% (95%CI 83–91%) in the TAR 

group and 88% (95%CI 85–91%) in the conventional group (P = 0.52). In 72% of TAR 

patients and 67% of the conventional group all grafts were patent (P = 0.45). Within one 

year 37 (23%) TAR patients and 43 (25%) conventional group patients suffered cardiac 

events (HR 1.09, 95%CI 0.70–1.69, P = 0.70). Cox regression analysis showed that the 

more grafts constructed the higher the risk of a graft failure, but the fewer occurrences of 

cardiac events. Multiple imputation of missing angiographic data did not influence on 

results. 

 

Conclusion 

Within one year postoperatively TAR seems at least as safe and effective as conventional 

revascularization. Prolonged follow-up will reveal whether these results are sustained. 

 

 

Key words: coronary surgery, total arterial revascularization, angiography, clinical 

outcomes  
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Introduction 

Coronary artery bypass grafting (CABG) has for more than 20 years been an evidence-

based treatment for multivessel and left main (LM) coronary disease.1 Patient outcome is 

closely related to bypass durability2 and it is evident that the internal thoracic artery (ITA) 

graft to the left anterior descending (LAD) coronary artery has superior patency compared 

with the saphenous vein graft (SVG).3 More importantly, it improves survival considerably 

for more than 10 years,3 and bilateral ITA grafts appear to add further survival benefit.4 

However, the need for additional grafts and concern of sternal complications5 have moved 

focus to the radial artery (RA).6 In retrospective cohort studies a combination of ITA and 

RA grafts for total arterial revascularization (TAR) improves survival and reduces cardiac 

events compared with conventional revascularization (CR) using left ITA (LITA) and 

SVGs.7,8 

Despite the potential benefits of TAR only 12% of patients in Europe and North America 

had arterial grafts only in the run-in phase of the SYNTAX study (CABG versus Taxus 

stents for 3-vessel and LM disease).9 When it comes to randomized data there are not many 

trials to justify abandoning CR. Three centres have published conflicting results after TAR 

versus CR regarding clinical outcome and graft patency.10-15 We report 1-year results of the 

CARRPO trial, which compares CABG with use of TAR versus CR in patients with 

multivessel and LM coronary disease. 

 

Methods  

Patient population and interventions 

Patients with LM and 2- or 3-vessel disease (≥50% stenosis) referred for elective or urgent 

CABG (>1 graft planned) were eligible provided they were <70 years of age with a left 

ventricular ejection fraction >35%. Patients should have a normal Allen’s test on one of the 

hands, and be able to give informed consent. In case of concurrent malignant disease with 

expected survival <5 years, unsuitable SVGs evaluated preoperatively, emergency, redo or 

other concomitant heart surgery, the patient was excluded. The trial complied with the 

Declaration of Helsinki and was approved by The Regional Research Ethics Committee for 

Copenhagen (01-137/01). Written informed consent was obtained from all patients. 

Patients were randomly allocated to TAR (LITA, right ITA/RA or both) versus CR (LITA 

and SVGs) the day before surgery. Because randomization was stratified by sex and 

diabetes state (insulin-treated), there were four groups of coded and opaque envelopes 
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containing notes allocating the patient to TAR or CR. Postoperative medications for all 

patients in both groups was aspirin, a statin, and amlodipin for 3 months if tolerated. 

Outcome measures and definitions 

The primary outcome measures are distal anastomotic graft patency reported as mean 

patency index, and cardiac event-free survival, 1 and 5 years postoperatively. Secondary 

outcome measures are angina-class and need for anti-anginal medication. 

Patency was defined as angiographic filling of the graft and the target vessel without graft 

failure (any stenosis of ≥50%). Sequential grafts with two distal anastomoses were counted 

as two grafts. For sequential grafts with failure of the proximal attachment all distal 

anastomoses were counted as graft failures. The patency index expressed as a percentage is 

defined as the number of patent grafts divided by the total number of grafts actually made 

in the patient. 

Cardiac event-free survival was defined as survival without readmission to hospital due to: 

myocardial infarction (MI verified by ECG and/or coronary enzymes), observation for 

suspected MI (hospitalized >6 hours with repeated negative coronary enzyme 

measurements), unstable angina (sustained chest pain, without ECG-changes or coronary 

enzyme release, causing changed anti-anginal medication or angiography), arrhythmias 

(symptomatic, ECG-verified and requiring treatment), heart failure (dyspnoea leading to 

changed medication), need for coronary angiography, percutaneous coronary intervention 

and redo CABG. 

Operative procedures 

Median sternotomy and normothermic extracorporeal circulation using cold blood 

cardioplegia were standard. The RA and SVGs were harvested by the open technique and 

stored in the same type of solution. The LITA or both ITAs were prepared as pedicles. 

Seven certified cardiac surgeons performed both types of revascularization at their 

discretion, including choice and configuration of grafts for TAR; they contributed equally 

to both groups. Details have been reported recently.16 Infusion of nitroglycerin was started 

before releasing the aortic cross-clamp and continued to the next morning.  

One-year follow-up and angiography 

All patients were invited for follow-up approximately 1 year postoperatively. Those not 

showing up were contacted by telephone. All admissions were double-checked in the 

national Danish patient admission database (Green System, CSC Scandihealth, Aarhus, 

Denmark). 
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Angiography was carried out on an outpatient basis through the femoral artery. Grafts were 

examined in 2 ortogonal projections by an invasive cardiologist using intracardial injection 

of nitroglycerin and verapamil. Two experienced, blinded and trial-independent cardiac 

surgeons visually interpreted the angiograms and graded all grafts as having no stenosis 

(<50%), between 50-90%, >90%, or being occluded. The conclusive interpretation of the 

angiograms was reached through consensus. 

Statistical analysis 

The sample size was calculated according to the primary outcome measure 5-year graft 

patency. A 15% absolute improvement in overall patency (i.e. mean patency index) 5 years 

after TAR (85%) versus CR (70%) was regarded as clinically relevant. Based on a 90% 

power and a 5% significance level 330 patients were to be included. The statistician, 

blinded for the methods of intervention, analyzed data by the intention to treat principle 

using SPSS 15.0 (SPSS Inc. Chicago, Illinois, USA). Normally distributed continuous data 

are presented as mean and standard deviation and analyzed using unpaired t-test. Median 

and quartiles and the Mann-Whitney test are used for not normally distributed continuous 

data. The patency index was analyzed with the Mann-Whitney test, but presented as mean 

and 95% confidence interval (CI). Categorical data are presented as number and 

percentages and analyzed using Chi-square test or Fisher’s exact test. All tests were two-

tailed and P < 0.05 was considered significant. For missing angiographic data we 

performed sensitivity analysis (best-case and worst-case scenarios with respect to TAR: 

missing angiograms in the TAR group recoded as all grafts patent and in the conventional 

group as all grafts failed and vice versa) and multiple imputation in the program NORM 

(Joe Schafer, Dept. of Statistics, Penn State University, USA). Multiple imputation was 

performed for the covariates: graft patency (0–49%  stenosis) and total cholesterol level on 

a dataset comprising the following covariates: age, sex, type of revascularization, number 

of grafts, hypercholesterolemia, total cholesterol level, cardiac event, insulin-treated 

diabetes, and number of patent grafts. On every of 10 datasets constructed by imputation a 

Mann-Whitney test was performed for the median patency index. Also a Student t-test for 

the mean patency index was performed (testing the difference between the two groups from 

zero) and the results were aggregated.17-19 Predictors of graft failure and the time to first 

cardiac event were analyzed using Cox proportional hazards regression analysis and results 

are presented as hazard ratios (HR) and 95% CIs. For prediction of graft failure the 

following predefined covariates were analyzed: type of revascularization, number of grafts, 

sex, age, insulin-treated diabetes, total cholesterol level, number of vessel disease, LM 
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stenosis, severity of coronary disease, and the interaction of number of grafts and type of 

revascularization. We performed univariate analysis in association with time to detecting at 

least one graft failure, and multivariate analysis by forcing the covariates into the model, 

correcting for all other covariates and backward elimination of the insignificant ones (P > 

0.10). Likewise, time to first cardiac event was analyzed using the predefined covariates: 

type of revascularization, sex, age, insulin-treated diabetes, number of vessel disease, LM 

stenosis, severity of coronary disease, as well as the number of grafts, since this covariate 

was the only one that statistically significantly predicted graft failure. 

 

Results 

Patient population 

Of 1969 primary isolated CABG procedures (February 21, 2002–February 22, 2005) 1136 

patients were available for screening (figure 1). We randomly assigned 161 patients to TAR 

and 170 to CR. Baseline characteristics were comparably distributed between groups (table 

1). For details of grafts and distal anastomoses see table 2 and 3. Overall, patients received 

a mean of 3 distal anastomoses; however, in the TAR group the mean number was 2.9 ±0.9 

versus 3.2 ±0.9 in the CR group (P = 0.004). In the TAR group 128 patients (79.5%) and in 

the CR group 141 patients (82.9%) were completely revascularized (P = 0.509). Of TAR 

patients 9.3% and of CR patients 6.5% did not receive the intended treatment. There were 

no differences in outcome up to 3 months postoperatively.16  

Graft patency 

In the TAR group 132 patients (82%) and in the CR group 143 patients (84%) underwent 

angiography and were available for analysis of the overall mean patency index. Of these, 5 

TAR group patients and 2 CR group patients had one or more not definitive graft failures, 

as these were not visualized. Thirty patients refused angiography, 12 were not examined of 

logistic reasons, in 11 there were a medical contraindication and 3 had died. 

The overall mean patency index was 87% in the TAR group and 88% in the CR group (P = 

0.52) (table 4). That is, the average patient had a stenosis >50% in 12–13% of grafts one 

year postoperatively. RA grafts in the TAR group and SVGs in the CR group had 

comparable patency indices and 95%CIs. In 91 patients (72%) of the TAR group versus 95 

patients (67%) of the CR group all grafts were patent (P = 0.45). When grafts with stenoses 

≤90% were regarded as patent, the overall mean patency index in both groups were 90%   

(P = 0.52). 
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Analyses of missing angiographic data 

For calculation of the patency index 17% of angiograms were missing, and for analysis of 

patients with all grafts patent angiographic data were incomplete in additionally 2% of the 

patients. The sensitivity analysis revealed a highly significant benefit of TAR respective 

CR, i.e. the treatment effect seemed dependent of the distribution of missing data. After 

multiple imputation the median patency index were 100% in both groups in the 10 created 

datasets and all the Mann-Whitney tests were statistically insignificant (P > 0.4). The 

aggregated results of the analyses with the Student t-test also showed an insignificant effect 

of TAR versus CR on the mean patency index of –0.8% (95%CI –6.2 to 4.6%, P = 0.78). 

The proportion of patients having all grafts patent was 66% in the TAR group versus 63% 

in the CR group showing a statistically insignificant aggregated intervention effect of 3% 

(95%CI –20 to 27 %, P = 0.79). 

Predictors of graft failure 

Type of revascularization did not statistically significantly affect whether patients had graft 

failure in univariate (HR 0.99, 95%CI 0.65–1.52, P = 0.97) or multivariate analysis (HR 

2.53, 95%CI 0.37–17.6, P = 0.35), but in both analyses the number of grafts did (P = 0.003) 

and in the multivariate this was the only covariate remaining (HR 1.41 (95%CI 1.12–1.77). 

Hence for every additional graft constructed the risk that one or more would eventually fail 

increased with 41% independently of the other covariates. With only the covariates type of 

revascularization and number of grafts in the model, still only the number of grafts were 

significant (HR 1.42, 95%CI 1.13–1.80, P = 0.003) and also after categorizing patients into 

one group with less than 3 grafts and one with 3 or more (P = 0.015). The HR for graft 

failure doubled when a patient changed from the first to the second group. Concordantly, 

the Kaplan-Meier plot (figure 2) shows that this factor influences freedom from graft 

failure (P = 0.013). 

Cardiac event-free survival 

No patients were lost to follow-up and within 11 months there were 37 (23%) patients in 

the TAR group and 43 (25%) in the CR group (P=0.70) with a protocol defined cardiac 

event (table 4). In the univariate analysis, type of revascularization was not statistically 

significant (HR 1.09, 95%CI 0.70–1.69) (P = 0.70), but when patients were categorized 

into two groups: one with less than 3 grafts and one with 3 or more, univariate analysis was 

statistically significant (HR 0.62, 95%CI 0.39–0.97, P = 0.038). Thus the HR for a cardiac 

event seemed to be reduced by 38% when 3 or more grafts were constructed. In the 

multivariate analysis, this categorical covariate came closest to statistical significance (P = 
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0.14) and a statistically significant difference (P = 0.036) was found in cardiac event-free 

survival (figure 3). When omitting the patients with observation for suspected but not 

confirmed MI from the composite outcome of cardiac events, the difference disappeared 

(Log Rank test, P = 0.10). 

Secondary outcomes and adverse events 

In the TAR group 137 patients (85.1%) were in Canadian Cardiovascular Society (CCS) 

class 1, and 12 patients (7.5%) were in CCS class 2. In the CR group 148 patients (87.1%) 

were in CCS class 1, 10 patients (5.9%) were in CCS class 2, and 1 was in class 3 (0.6%) 

(P = 0.61). The status was unknown for 12 (7.5%) and 11 patients (6.5%), respectively. The 

use of calcium channel blockers, beta-blockers and nitrates was comparable between 

groups. 

Within the 1-year follow-up period, stroke was verified in 4 patients (2.5%) in the TAR 

group and in 3 patients (1.8%) in the CR group (P = 0.72). In the TAR group 5 patients 

(3.1%) needed sternal rewiring while this was the case for 2 patients (1.2%) in the 

conventional group (P = 0.27). During control angiography 3 patients in the CR group and 

1 in the TAR group were direct-current cardioverted due to ventricular arrhythmia. In one 

patient in each group transient cerebral ischemia was suspected during catherization. All 

patients were discharged without sequelae. 

Per protocol analysis 

Per protocol analysis did not have a relevant influence on the results. 

 

Discussion 

Based on the angiographic and clinical primary outcome measures expressed as the mean 

patency index, proportion of patients with all grafts patent, and a composite clinical 

outcome of cardiac events with or without admission for suspected MI, we could not 

demonstrate a statistically significant difference in TAR versus CR one year 

postoperatively in the CARRPO trial. The power analysis prior to initiation of the study 

thus enables us to exclude a one-year difference in the patency index of ≥15%. This is 

supported by thorough analyses, which also revealed, independent of type of 

revascularization, that the number of grafts constructed were statistically significantly 

associated with both graft patency and cardiac events, except when the relatively weak 

endpoint admission for suspected, not confirmed MI was excluded. 

An increased number of grafts were associated with a higher risk of graft failure, but a 

lower risk of a cardiac event. These associations seem independent of the number of vessel 
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disease at randomization, presence of LM stenosis, and severity of coronary disease. It is 

unknown if the rate of admissions for suspected, not confirmed MI is correlated with 

incomplete revascularization, but the latter has been reported to predict worse outcome 

regarding survival.20  

There was a comparable amount of completely revascularized patients in the two groups 

even though CR patients received slightly more grafts. Because no differences in clinical 

outcome or angina-class were noted, more stenoses of minor importance seem to have 

become grafted in the CR group. We completely revascularized 81% of patients, which is 

comparable with a previous RCT in which grafting of target vessels <1.5 mm was not 

required.21 The robust cardiac events were few: death, MI and revascularization did not 

occur more often than in contemporary RCTs.21,22 

We have used the patency index as a measure of overall function of grafts in the individual 

patient, but it is readily comparable with the usual expression of graft patency: proportion 

of patent grafts of the total number of constructed grafts in a population. In our trial the 1-

year mean patency index of the LITA is acceptable while a lower right ITA patency index 

of 91% could be a consequence of the 12% of grafts anastomosed to moderately stenosed 

right coronary arteries.23 The RA mean patency index in our study appears lower than 

reported in a randomized multi-center RA patency study.22 In that 8.2% of RAs were 

occluded after one year, but additionally 7% showed diffuse narrowing <1mm (string sign), 

which in our trial was a graft failure. 

Our results are in contrast with randomized studies of Muneretto and colleges showing 

superiority of TAR, however, these patients were older, more diabetic and had a higher 

operative risk. In a randomized trial with low-risk patients, Myers and colleges compared 

TAR (only ITAs) with CR and found no differences in survival or cardiac events 5 years 

postoperatively, but angiography was not performed. Buxton and colleges did a 5-year 

interim analysis of graft patency and clinical outcomes in their randomized study and found 

no significant differences. The RA was a primary focus, but nonetheless TAR was 

compared with CR, however, only around 30% of patients underwent angiography.10 

The presented data represent a reliable baseline for future follow-up, but future analyses 

should be adjusted for the number of constructed grafts. Also, an even higher frequency of 

missing data has to be expected in future analyses due to an ageing population with 

comorbidities. Multiple imputation of missing data seems to become mandatory, but new 

non-invasive examinations like computed tomography angiography may turn out to be 

equally or even more effective tools to monitor graft patency in the future. 
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Study limitations 

It was a single center trial and the individual surgeon decided the choice and configuration 

of grafts. Our primary focus was TAR as a treatment modality, and this has led to a 

heterogeneous population regarding the different graft types. The RA was placed as a graft 

also to coronary arteries with moderate degrees of stenoses, this may have given less 

favourable results in the TAR group. 

 

Conclusion 

One year after total arterial versus conventional revascularization for multivessel and left 

main coronary disease there were no statistically detectable differences in outcomes 

regarding graft patency and cardiac event-free survival. Total arterial revascularization 

seems at least as safe and effective as conventional revascularization. Prolonged follow-up 

will reveal whether these results are sustained. 
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Table 1. Preoperative Characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number (%), mean SD, and *median and quartiles. CCS: Canadian Cardiovascular 

Society, NYHA: New York Heart Association, LM: left main. 

 Type of Revascularization 

 Total Arterial (N=161) Conventional (N=170) 

Female sex 19 (11.8) 20  (11.8) 

Age, years 59  8 59  8 

Body mass index, kg/m2 27  4 28  4 

CCS class 3 51 (31.7) 43 (25.3) 

NYHA class 3 35 (21.7) 27 (15.9) 

EuroSCORE* 2 1-3 3 1-4 

Diabetes – insulin 6 (3.7) 9 (5.3) 

Diabetes – diet / tablets 33 (20.5) 34 (20.0) 

Hypercholesterolemia 140 (87.0) 147 (86.5) 

Hypertension 82 (50.9) 81 (47.6) 

Ejection fraction 35-49% 48 (29.8) 42 (24.7) 

Ejection fraction 50% 113 (70.2) 128 (75.3) 

LM stenosis only 13 (8.1) 14 (8.2) 

1-vessel disease 4 (2.5) 0  

2-vessel disease 44 (27.3) 53 (31.2) 

3-vessel disease 100 (62.1) 103 (60.6) 
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 Table 2. Graft Status 

 Type of Revascularization 

 Total Arterial 

(N=161) 

Conventional 

(N=170) 

LITA (%) 156 (96.9) 166 (97.6) 

 sequence 19 (11.8) 7 (4.1) 

RITA 77 (47.8) 3 (1.8) 

 free 12 (7.4) 0  

 extended with RA 15 (9.3) 1 (0.6) 

RA 128 (79.5) 2 (1.2) 

 sequence 54 (33.5) 2 (1.2) 

 from aorta 96 (59.6) 1 (0.6) 

 from ITA 39 (24.2) 1 (0.6) 

SVG 16 (9.9) 164 (96.5) 

 sequence 6 (3.7) 86 (50.6) 

     

Only BITA 15 (9.3) 2 (1.2) 

BITA and RA 61 (37.9) 1 (0.6) 

LITA and RA 63 (39.1) 1 (0.6) 

LITA and SVGs 12 (7.5) 160 (94.1) 

Only LITA 5 (3.1) 2 (1.2) 

Only RA 3 (1.9) 0  

Only SVGs 1 (0.6) 3 (1.8) 

RITA and RA 1 (0.6) 0   

 

Number of patients (%). LITA, RITA and BITA: left, right and bilateral internal thoracic 

artery, RA: radial artery, SVG: saphenous vein graft. 
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Table 3. Distal Anastomoses 

  Type of Revascularization 

  Total Arterial (N=161)  Conventional (N=170) 

TV stenosis:  LITA RITA RA SVG  LITA SVG 

LAD 50-90%  90 (51.4) 2 (3.2) 1 (0.5)    99 (57.2) 1 (0.3) 

LAD 91-100%  49 (28.0) 3 (4.8)      58 (33.5)   

Diag. 50-90%  15 (8.6) 0  10 (5.0)    8 (4.6) 31 (8.5) 

Diag. 91-100%  9 (5.1) 1 (1.6) 7 (3.5) 2 (7.4)  7 (4.0) 19 (5.2) 

OM 50-90%  3 (1.7) 12 (19.0) 58 (28.9) 5 (18.5)  0  100 (27.5) 

OM 91-100%  9 (5.1) 10 (15.9) 46 (22.9) 10 (37.0)  1 (0.6) 84 (23.1) 

RCA 50-90%    9 (14.3) 8 (4.0) 1 (3.7)    9 (2.5) 

RCA 91-100%    19 (30.2) 8 (4.0) 4 (14.8)    18 (5.0) 

PDA 50-90%    3 (4.8) 20 (10.0) 2 (7.4)    32 (8.8) 

PDA 91-100%    4 (6.3) 43 (21.4) 3 (11.1)    69 (19.0) 

 

Number (%). TV: target vessel, LITA and RITA: left and right internal thoracic artery, RA: 

radial artery, SVG: saphenous vein graft, LAD: left anterior descending, Diag.: diagonals, 

OM: obtuse marginals, RCA: right coronary artery, PDA: posterior descending artery. 
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Table 4. Angiography 

  Type of Revascularization   

 Total Arterial (N=161) Conventional (N=170) P 

Months to angio* 10.8 2.1 11.1 2.1 0.30 

Patency: grafts 

<50% stenosed  

Mean patency index 

 

Overall  87 83-91 (N=132) 88 85-91 (N=143) 0.52 

LITA 94 89-98 (N=125) 95 91-99 (N=140) - 

RITA 91 84-98 (N=66)    - 

RA 85 79-92 (N=107)    - 

SVG    86 80-92 (N=139) - 

All grafts patent 

Patients (%) 91 (71.7) (N=127) 95 (67.4) (N=141) 0.45 

        

 Patency: grafts 

≤90% stenosed 

Mean patency index 

 

Overall 90 86-93 (N=132) 90 87-93 (N=143) 0.52 

LITA 96 93-100 (N=125) 98 95-100 (N=140) - 

RITA 91 84-98 (N=66)    - 

RA 89 83-95 (N=107)    - 

SVG    87 82-93 (N=139)  - 

All grafts patent 

Patients (%) 98 (77.2) (N=127) 101 (71.6) (N=141) 0.30 

 

* Mean SD. Patency index: percentage of patent grafts of total number of grafts per 

patient with 95% confidence intervals (CI). LITA and RITA: left and right internal thoracic 

artery, RA: radial artery, SVG: saphenous vein graft.
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Table 5. Clinical Outcome 

  Type of Revascularization   

 

Total Arterial 

(N=161) 

Conventional 

(N=170) P 

Months to follow-up, mean SD 11.0 2.0 11.2 2.0 0.36 

Patients with a cardiac event (%) 37 (23.0) 43 (25.0) 0.70 

Cardiac events, admissions:      

- observation for MI 16 (9.9) 20 (11.8) - 

- arrhythmia 10 (6.2) 12 (7.1) - 

- unstable angina 4 (2.5) 5 (2.9) - 

- verified nonfatal MI 2 (1.2) 4 (2.4) - 

- heart failure 2 (1.2) 4 (2.4) - 

- symptom driven angiography 9 (5.6) 10 (5.9) - 

- PCI 4 (2.5) 3 (1.8) - 

      

Cardiac death 1 (0.6) 0  0.49 

Non-cardiac death 0  2 (1.2) 0.50 

 

MI: myocardial infarction, PCI: percutaneous coronary intervention. 



 
 

19 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 1. Flowchart. *Percentages of screened patients. 

Allocated to conventional group  (N=170) 
Received allocated intervention  (N=159) 
Did not receive allocated intervention: 
Crossover to arterial grafts      (N=3) 
Vein grafts and an extra arterial graft    (N=7) 
Patient inoperable      (N=1) 

Allocated to total arterial group  (N=161) 
Received allocated intervention  (N=146) 
Did not receive allocated intervention: 
Crossover to conventional grafts    (N=11) 
Arterial grafts and a vein graft      (N=3) 
Received only a vein graft      (N=1) 

1-year follow-up         (patients lost N=0) 
Total deaths      (N=1) 
Underwent angiography  (N=132) 
Patients with a graft failure   (N=70) 
Patients with a cardiac event    (N=37) 
Patients analyzed  (N=161) 
Patients lost to follow-up     (N=0) 

630 patients 
screened (55.5%) 

331 patients  
randomized 

52.5% of screened 
29.1% of available 

299 excluded or not included*: 
Radial artery unusable 79 (12.5%) 
Logistic reasons           81 (12.9%) 
Patient refused    69 (11.0%) 
Language barrier       22   (3.5%) 
Comorbidity  20   (3.2%) 
Surgeon refused 14   (2.2%) 
Vein unusable 10   (1.6%) 
Other   4   (0.6%) 

In hospital deaths      (N=1) In hospital deaths      (N=0) 
 
 
 
 

1136 patients available 
for screening 

506 patients not 
screened (44.5%): 

 In other trials  (N=287) 
 Living far away  (N=219) 

1-year follow-up             (patients lost N=0) 
Total deaths      (N=2) 
Underwent angiography (N=143) 
Patients with a graft failure   (N=75) 
Patients with a cardiac event    (N=43) 
Patients analyzed  (N=170) 
Patients lost to follow-up     (N=0) 
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Figure 2. Kaplan-Meier plot showing freedom from graft failure (any graft stenosis ≥50%) 

for patients with less than 3 versus 3 or more grafts.
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Figure 3. Kaplan-Meier plot showing cardiac event-free survival for patients with less than 

3 versus 3 or more grafts. 
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ABSTRACT 

 

Objectives 

We compared health-related quality of life up to 11 months after coronary artery bypass grafting 

using total arterial revascularization versus conventional coronary surgery. 

 

Methods 

In this randomized single-center trial 161 patients underwent total arterial revascularization using 

single or bilateral internal thoracic (ITA) and radial artery grafts versus 170 patients 

conventionally revascularized using left ITA and saphenous vein grafts. Preoperatively, and at 3 

and 11 months postoperatively patients filled in the generic questionnaire Short Form-36 (SF-36). 

 

Results 

Mean age was 59±8 years and 39 were women (12%). Median EuroSCORE was 2 (interquartile 

range 1-4). More than 90% of patients filled in the questionnaire at all three time points. 

Preoperatively all scores were lower (P<0.001) than for a sample of the general Danish 

population. On all scales of the SF-36 there were statistically significant improvement at 3 and 11 

months in both groups. For “social functioning” the improvement following total arterial 

revascularization was significantly higher than following conventional revascularization (P = 

.01). There were for total arterial revascularization also improvements of borderline statistical 

significance for the “physical component summary” (P = .09), “bodily pain” (P = .07) and 

“vitality” (P = .08). 

 

Conclusion 

Health-related quality of life up to one year after total arterial revascularization is equal or 

slightly better than results after conventional coronary surgery. 

 

215 words 
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Introduction 

The beneficial effect of coronary artery bypass grafting (CABG) for multi-vessel and left main 

coronary artery disease is well documented. It relieves angina effectively with a survival 

advantage compared to medical treatment (1). From the patient perspective, health-related quality 

of life (HRQoL) also improves markedly postoperatively (2-5). 

There are indications that total arterial revascularization (TAR) offers improved benefits in the 

long term regarding graft patency, cardiac events and survival compared to conventional 

revascularization, but not definitive evidence (6;7). Also, it is unknown if the use of TAR affects 

HRQoL. The use of bilateral internal thoracic (ITA) and radial (RA) artery grafts may have 

influence on the patients’ perception of own health and wellbeing. Since TAR has not proven 

clearly superior to conventional revascularization using the left ITA (LITA) and saphenous vein 

grafts (SVGs) when focusing on robust endpoints such as survival and graft patency (6;8), it is 

relevant to explore if there are differences in HRQoL. 

The CARRPO trial is a randomized single-center trial comparing TAR using single or bilateral 

ITAs and RAs versus conventional revascularization. We have found comparable outcomes for 

both groups after one year regarding graft patency and cardiac event-free survival (paper 

submitted for publication). This paper deals with the results of preoperative and postoperative 

measurements of HRQoL at 3 and 11 months using the generic questionnaire Short Form-36 (SF-

36). 

 

Methods  

Trial Design    

Patients were randomly allocated to two groups: TAR (LITA, and right ITA or RA or both) or 

conventional revascularization (LITA and SVGs). The primary outcome measures are 

angiographic distal anastomotic graft patency and cardiac event free survival at 1 and 5 years 

postoperatively. Secondary outcome measures are perioperative safety, postoperative angina 

pectoris, need for anti-anginal medication and HRQoL measured by the generic questionnaire 

Short Form-36 (SF-36) preoperatively, and 3 months and 1 year postoperatively. 

Patient Inclusion 

All included patients provided written and oral consent and received a trial number and a 

randomization code. After randomization using coded opaque envelopes, on the day before 

surgery, patients filled in the baseline SF-36 questionnaire. 
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Eligibility criteria  

Patients with 2- or 3-vessel coronary artery disease, including left main stem coronary artery 

stenosis, referred for elective or urgent CABG with more than one graft planned were eligible, 

provided they were <70 years of age and had a left ventricular ejection fraction (LVEF) >35%. 

Patients should have a normal Allen’s test and be able to give informed consent. In case of 

aneurysm of the left anterior descending coronary artery, concurrent malignant disease with 

expected survival <5 years, unsuitable saphenous vein grafts evaluated preoperatively, emergent 

operation, concomitant heart surgery, or reoperation, the patient was excluded from the trial. 

Surgery 

For surgery median sternotomy and normothermic extracorporeal circulation with primarily cold 

blood cardioplegia were used. The RA or SVG were harvested by open technique and the left or 

both ITAs were prepared as pedicles. The same seven surgeons performed both types of 

revascularization and decided the type and configuration of grafts for TAR; they contributed 

equally to both groups. A body mass index above 35 kg/m2 combined with diabetes requiring 

insulin were a contraindication for use of bilateral ITAs. 

Follow-up  

Amlodipin for 3 months postoperatively, and aspirin and statin treatment were standard for all 

patients. Clinical follow-up was conducted 1-2 months postoperatively at referring hospitals. At 

three months patients were mailed a second SF-36 questionnaire and a questionnaire asking if 

there had been any admissions, complications, or change in medication. Patients reporting 

complications were contacted by telephone and seen by a project surgeon or cardiologist in the 

outpatient clinic if indicated.  

All patients were invited to clinical follow-up and invasive coronary angiography approximately 

1 year after the operation. They were questioned regarding admissions and adverse events since 

the operation, current medication and angina pectoris, any pain, motor or sensor dysfunction 

related to harvest wounds, and filled in a third SF-36 questionnaire. Patients not present for 

follow-up were interviewed by telephone or contacted via mail. 

Short Form-36 Questionnaire 

The SF-36 questionnaire contains 36 questions covering eight different health dimensions: 

physical functioning, physical role: role limitations caused by impaired physical health, bodily 

pain, general health, vitality, social functioning, emotional role: role limitations caused by 

emotional difficulties, and mental health. For each dimension scores are calculated and converted 
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into a scale of 0-100, that is, from the worst to the best possible status. A physical component 

summary is calculated from the first four scales and a mental component summary from the last 

four (9;10). The Danish version of the SF-36 questionnaire has been found valid and reliable 

(11;12). 

Statistics 

Sample size was calculated according to the primary outcome measure: 5-year distal anastomotic 

graft patency in the two groups. To detect an absolute difference of 15% of this magnitude at 5 

years (85% for TAR vs. 70% for conventional revascularization) with a 90% power and a 5% 

significance level, it was decided to include 330 patients. The trial was also powered to detect at 

least a difference of 10 points between the groups on every of the 8 eight SF-36 scales with a 

power of 80% and a 5% significance level (9;10). Data were analyzed blinded to the methods of 

intervention by intention to treat principles using SPSS 15.0 (SPSS Inc. Chicago, Illinois). 

Normally distributed continuous data were presented as mean and standard deviation (SD) and 

analyzed using unpaired t-test. Median and quartiles and the Mann-Whitney test were used for 

not normally distributed continuous data. Categorical data are presented as number and 

percentages and analyzed using Chi-square test or Fisher’s exact test as appropriate. As custom, 

absolute SF-36 scores are presented as mean and SD, but because they were not normally 

distributed, differences between baseline and 3 and 12 months respectively were analyzed using 

mixed models to correct for the repeated measurements on every patient. Tests were two-tailed 

and P < .05 was considered significant. 

Ethics 

The trial was conducted in accordance with the Helsinki Declaration, is registered with 

ClinicalTrials.gov, number: NCT00159991, and has been approved by the Regional Research 

Ethics Committee for Copenhagen, number: (KF) 01-137/01. The funding agencies were not 

involved in the data interpretation or other aspects of the trial. 
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Results 

In Hospital 

From February 21, 2002 – February 22, 2005, 161 patients were randomized to TAR and 170 to 

conventional revascularization (figure 1). Baseline characteristics were comparably distributed 

between groups (table 1), except for a tendency towards a higher social functioning score in the 

conventionally treated group (P = .10) (table 2). Ninety percent of patients filled in the baseline 

SF-36 questionnaire and scores on all scales were statistically significantly lower (unpaired t-test, 

P < .001) than for a sample of the general Danish population (36–72 years) (table 3). Details from 

the in-hospital stay and postoperative 3 months’ outcome have been reported previously (13). In 

both groups 97% of patients received a LITA graft. In the TAR group 61 patients (38%) received 

bilateral ITAs and RA grafts, 63 patients (39%) had LITA and RAs and 15 (9%) had only 

bilateral ITAs. In the conventionally treated group 160 patients (94%) had LITA and SVGs. For 

different reasons 15 TAR group patients and 11 conventionally treated patients did not receive 

the intervention they were randomized to. Overall, patients received a mean and median of 3 

distal anastomoses per patient, however, in the TAR group the mean number was slightly lower 

than in the conventionally treated group (2.9 ± 0.9 vs. 3.2 ± 0.9) (P = 0.004). 

Health-related Quality of Life 

At 3 months, 92% of patients filled in the SF-36 questionnaire and except from physical 

functioning, bodily pain, general health and mental health in both groups, absolute scores were 

still statistically significantly below the general Danish population. At 1 year (11 months) 92% of 

patients filled in the SF-36 questionnaire and now absolute scores were comparable to or higher 

than for the general population (table 3). 

For all scales and the two summaries, according to 95% CIs, there were improvements in scores 3 

and 11 months postoperatively, with the largest improvements registered between 3 and 11 

months. However, for social functioning the improvement from baseline to 3 months in the 

conventionally treated group was only borderline statistically significant: 3.6 (95% CI –0.2 to 

7.4) (table 4). For social functioning there was a statistically significant overall difference in 

improvement between groups favoring the TAR group (P = .01). For the physical component 

summary, bodily pain and vitality there were borderline statistically significant overall 

improvements favoring TAR (P < .10). 



 
 

7 

Clinical and Functional Status 

There were no differences between groups at one year in angina, functional class or medication. 

Also, there were no differences in hospitalizations, pain, motor or sensor dysfunction related to 

arm, leg or sternal wound. In the TAR group 5 patients (3.1%) had undergone rewiring for sternal 

dehiscence, while this was the case for 2 patients (1.2%) in the conventionally treated group (P = 

0.27). Only one patient in the TAR group had also deep sternal wound infection. In this limited 

material only use of bilateral vs. a single ITA seemed to increase sternal complications requiring 

rewiring (4/80 [5%] vs. 3/251 [1.2%]) with an odds ratio of 4.35 (0.95-19.9) (P = .04). Of 

patients requiring rewiring only one patient with bilateral ITA grafts had diabetes (diet treated) 

and a BMI above 30. The rest had BMIs below 30 and not diabetes. Two were women, but they 

had only LITA grafts. 

 

Discussion 

Our results show that compared with conventional revascularization, TAR can be performed with 

a comparable or possibly improved HRQoL. For both types of revascularization the improvement 

after 3 and 11 months was marked and only for conventional revascularization after 3 months, 

there was no statistically significant improvement in social functioning. At the same time there 

was an overall statistically significant improvement from baseline over 3 months to 11 months 

for social functioning in the TAR group compared with the conventionally treated group (P = 

.01). The lacking improvement in the conventionally treated group at 3 months explains much of 

this, but the tendency towards a lower baseline score in the TAR group may also have had and 

influence. The latter supports that it could be an incidental finding. However, for the physical 

component summary, bodily pain and vitality, there were tendencies towards statistical 

significance (P < .10) all favoring the TAR group. The inherently unblinded design may have 

introduced bias despite the blinded analysis of the data. Patients, caregivers and researchers may 

unintentionally have had higher expectations for TAR than for conventional revascularization. 

Our one-year results of more robust outcome measures (graft patency and cardiac event-free 

survival – submitted for publication) showing no differences between groups, support this. 

Conversely, our trial was underpowered to detect small but potentially existing relevant 

differences (5-10 points) in SF-36 scores (14). This is also the case for reporting of complications 

related to conduit harvest. Large numbers of patients are needed to firmly document small 

differences in events occurring seldomly such as sternal dehiscence after bilateral ITA harvest, 
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even though our randomized data seem to confirm results from large cohort studies (15;16). The 

incidence of rewiring for sternal dehiscence for patients with BITA grafts was 5% within one 

year, which is comparable to a Swedish study reporting this complication in 3.6% of patients with 

bilateral ITAs up to 7 months after CABG (17). An Italian study reported an incidence of 4.7% of 

deep sternal infections after bilateral pedicled ITA harvest until 2 months postoperatively (18). In 

both studies bilateral ITA use increased the risk 3-fold. 

Harvest of SVGs and RAs seems to inflict comparably on the occurrence of complications in 

both groups after one year, but again the relatively limited number of patients may obscure small 

but true differences. This is supported by our results from three months’ follow-up where 4.7% of 

patients (6 of 129) in the TAR group reported any kind of arm motor dysfunction versus 11.9% 

of patients (19 of 160) in the conventionally treated group reporting leg motor dysfunction, the 

difference was of borderline statistical significance (P = .05). These subtle differences related to 

conduit harvest may have had influence on the findings in HRQoL, but in previous studies 

HRQoL has not been found to be affected by symptoms related to radial artery harvest (19). In 

our trial the prevalence of pain and neurologic complications after conduit harvest at one year are 

comparable to relatively recent reports. The prevalence of any sensory dysfunction more than one 

year after RA harvest ranges from 9.4-18.1% (19-23). The rate of motor dysfunction (decreased 

thumb strength) after one year has been reported to be 5.5% (23), and the rate of any arm or hand 

pain 8.4% (20). Bruce and colleagues reported 2 years after CABG self-reported chronic chest 

pain without angina in 9.3% of patients and chronic leg pain after saphenous vein harvest also in 

9.3% of patients (24). Self-reported sensory disturbances after saphenous vein harvest have been 

reported in 21.1% after 2 years (25). Sole non-neuropathic and neuropathic leg pain after SVG 

harvest for CABG do not seem to be associated with reduced HRQoL (24). 

Only Kurlansky and colleagues have studied HRQoL related to arterial revascularization. In a 

retrospective study and according to the SF-36 questionnaire, HRQoL was comparable 10 years 

after CABG in women with a single ITA compared with women with bilateral ITAs (26). 

However, in another retrospective study of 987 octogenarians, at least one arterial graft compared 

with only SVGs seemed to increase HRQoL statistically significantly at three years (27). 

Contemporary randomized controlled trials comparing off- and on-pump coronary surgery and 

measuring HRQoL one year after CABG using the SF-36 show in relation to our results 

reasonably comparable absolute SF-36 scores and score changes over time (2;28;29). 
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Conclusion 

Health-related quality of life measured by the Short Form-36 questionnaire until one year after 

total arterial revascularization seems at least comparable to results after conventional 

revascularization. Future follow-up in the CARRPO trial will help to clarify if graft patency is 

superior after total arterial revascularization and confers improved cardiac event-free survival and 

health-related quality of life. 
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Figure 1. Flowchart 

 

Allocated to conventional group  (N=170) 
Short Form-36 questionnaires    (N=155) 
Received allocated intervention  (N=159) 
In hospital deaths         (N=0) 
Did not receive allocated intervention: 
Crossover to arterial grafts      (N=3) 
Vein grafts and an arterial graft      (N=7) 
Inoperable      (N=1)  
 

Allocated to total arterial group  (N=161) 
Short Form-36 questionnaires (N=144) 
Received allocated intervention  (N=146) 
In hospital deaths      (N=1) 
Did not receive allocated intervention: 
Crossover to conventional grafts    (N=11) 
Arterial grafts and a vein graft      (N=3) 
Only a vein graft      (N=1)  

1-year follow-up 
Total deaths      (N=1) 
Short Form-36 questionnaires (N=148) 

630 patients 
screened (56%) 

331 patients randomized 
(53% of screened) 
(29% of available) 

299 not eligible   (% of screened) 
Radial artery unusable:  79 (12.5%) 
Logistic reasons:  81 (12.9%) 
Patient refused:  69 (11.0%) 
Comorbidity:  24   (3.8%) 
Language barrier:  22   (3.5%) 
Surgeon refused:  14   (2.2%) 
Vein unusable:  10   (1.6%) 
 

1136 patients available 

506 patients 
not screened:  
In other trials 
Living far away 

1-year follow-up 
Total deaths      (N=2) 
Short Form-36 questionnaires (N=155) 

3-months follow-up 
Short Form-36 questionnaires (N=150) 

3-months follow-up 
Short Form-36 questionnaires    (N=154) 
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  Table 1. Preoperative clinical and angiographic status 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Presented as number (%), mean  1 standard deviation, and *median and quartiles. CCS: Canadian 

Cardiovascular Society, NYHA: New York Heart Association, LMS: left main stem. 

 Type of revascularization 

 
Total arterial 

(n = 161) 

Conventional 

(n = 170) 

Female sex 19 (11.8) 20  (11.8) 

Age, years 59  8 59  8 

Body mass index, kg/m2 27  4 28  4 

CCS class 3 51 (31.7) 43 (25.3) 

NYHA class 3 35 (21.7) 27 (15.9) 

EuroSCORE* 2 1-3 3 1-4 

Diabetes – insulin 6 (3.7) 9 (5.3) 

Diabetes – diet / tablets 33 (20.5) 34 (20.0) 

Hypercholesterolemia 140 (87.0) 147 (86.5) 

Total cholesterol, mmol/l 5.2 1.2 5.3 1.2 

Hypertension 82 (50.9) 81 (47.6) 

Smoker 85 (52.8) 79 (46.5) 

Ejection fraction 35-49% 48 (29.8) 42 (24.7) 

Ejection fraction 50% 113 (70.2) 128 (75.3) 

LMS stenosis only 13 (8.1) 14 (8.2) 

1 vessel disease 4 (2.5) 0  

2 vessel disease 44 (27.3) 53 (31.2) 

3 vessel disease 100 (62.1) 103 (60.6) 

Beta blocker 122 (75.8) 132 (77.6) 

Calcium channel blocker 38 (23.6) 33 (19.4) 

Nitrate 98 (60.9) 95 (55.9) 

Aspirin 146 (90.7) 157 (92.4) 

Statin 131 (81.4) 148 (87.1) 

Employed 46 (28.6) 41 (24.1) 

Sick leave  38 (23.6) 45 (26.5) 

Unemployed 7 (4.3) 13 (7.6) 

Retired 70 (43.5) 71 (41.8) 
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     Table 2. Baseline preoperative SF-36 scores 

 

  

Total arterial 

revascularization 

Conventional 

revascularization 

P 

value 

Physical component 

summary 40.5 9.9 41.5 9.8 .40 

Physical functioning 65.4 24.7 68.6 24.5 .21 

Physical role 36.2 40.3 34.4 41.5 .55 

Bodily pain 57.2 28.0 61.1 26.4 .25 

General health 64.7 19.1 67.3 19.7 .18 

Mental component 

summary 47.4 11.9 48.6 11.5 .39 

Vitality 49.1 23.5 51.9 25.2 .29 

Social functioning 77.2 25.9 82.7 22.1 .10 

Emotional role 57.0 42.8 57.7 41.6 .89 

Mental health 67.9 21.0 70.6 21.4 .20 

 

     Expressed as mean  1 standard deviation. 
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  Table 3. SF-36 scores 3 months and 1 year after surgery 

 

 

Total arterial 

revascularization 

Conventional 

revascularization 

Danish 

population 

 3 months 1 year 3 months 1 year (n = 2183) 

Physical component 

summary *47.8 8.5 *51.8 7.5 *48.3 8.4 *51.8 8.0 50.1 9.4 

Physical functioning 82.9 18.6 *88.9 14.4 82.9 19.7 *89.1 16.6 85.9 20.8 

Physical role *55.1 43.7 78.4 34.2 *60.2 40.9 76.5 36.1 80.8 33.3 

Bodily pain 78.1 22.5 *90.8 17.8 79.2 22.2 *89.5 16.6 77.8 24.2 

General health 71.8 20.4 76.5 21.1 73.5 19.5 *77.9 19.7 73.4 20.9 

Mental component 

summary *51.6 10.8 54.0 8.7 *51.6 11.1 53.8 9.5 54.2 8.7 

Vitality *64.0 22.9 69.5 21.7 *63.5 22.3 71.0 22.7 69.8 21.0 

Social functioning *86.7 21.4 91.6 15.8 *86.4 20.6 90.5 18.3 90.6 18.5 

Emotional role *69.1 39.6 83.7 30.6 *71.0 38.4 82.4 32.5 86.2 28.1 

Mental health 79.4 18.6 *85.0 14.5 79.7 18.9 *84.6 16.9 81.8 16.5 

 

Expressed as mean  1 standard deviation. For all domains and both time points the change from 

baseline is statistically significantly increased (P ≤ .002). *P < .05 by unpaired t test, for difference 

compared with a general Danish population (36–72 years). 
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Table 4. Changes in SF-36 scores from baseline to 3 months and from baseline to 1 year 

 

  Total arterial 

revascularization  

Conventional 

revascularization  

 

  0–3 months 

(95% CI) 

0–1 year 

(95% CI)  

0–3 months 

(95% CI) 

0–1 year 

(95% CI)  

P 

value 

Physical component 

summary 

 8.2 (6.4-10.1) 12.0 (10.2-13.8) 

 

6.4 (4.6-8.2) 10.0 (8.3-11.6)  .09 

Physical functioning  18.5 (14.3-22.6) 23.4 (19.6-27.1)  13.3 (9.2-17.3) 19.7 (16.0-23.4)  .12 

Physical role  22.1 (13.6-30.6) 44.6 (36.8-52.5)  25.7 (17.4-34.0) 41.5 (33.9-49.1)  .94 

Bodily pain  22.2 (16.8-27.6) 34.1 (29.3-39.0)  17.3 (12.0-22.6) 27.6 (22.8-32.3)  .07 

General health  8.8 (5.1-12.5) 12.6 (8.9-16.3)  6.3 (2.6-9.9) 10.3 (6.8-13.9)  .31 

Mental component 

summary 

 5.2 (3.0-7.4) 6.8 (4.8-8.9) 

 

2.8 (0.7-4.9) 5.3 (3.4-7.3)  .17 

Vitality  16.6 (12.5-20.8) 22.2 (18.2-26.1)  11.0 (7.0-15.0) 18.5 (14.7-22.3)  .08 

Social functioning  10.6 (6.7-14.5) 14.3 (10.0-18.6)  3.6 (–0.2-7.4) 7.9 (3.7-12.1)  .01 

Emotional role  14.9 (6.8-23.1) 26.5 (18.5-34.6)  13.0 (5.0-21.0) 24.0 (16.2-31.8)  .67 

Mental health  13.4 (9.6-17.3) 17.8 (14.3-21.3)  9.1 (5.4-12.9) 14.1 (10.8-17.5)  .10 

 

Expressed as mean and 95% confidence interval (CI). P values are for the overall difference in change 

between the two groups corrected for repeated measurements. 
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Table 5. One year’ follow-up – clinical and functional status 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number (%), mean  1 standard deviation, and median* and interquartile range. NYHA: New York Heart 

Association, CCS: Canadian Cardiovascular Society. 

 Type of revascularization  

 
Total arterial 

(n = 161) 

Conventional 

(n = 170) 

P 

value 

CCS class 0-1 137 (85.1) 148 (87.1) .61 

CCS class 2 12 (7.5) 10 (5.9) - 

CCS class 3 0  1 (0.6) - 

NYHA class 1-2 144 (89.4) 152 (89.4) .99 

NYHA class 3 5 (3.1) 6 (3.5) - 

CCS/NYHA unknown 12 (7.5) 11 (6.5) - 

Sternal rewiring 5 (3.1)  2 (1.2) .27 

Sternal pain 23/150 (15.3) 21/157 (13.4) .63 

Arm vs. leg wound, admissions 2 (1.2) 6 (3.5) .29 

Arm vs. leg motor dysfunction 6/129 (4.7) 8/155 (5.2) .84 

Arm vs. leg sensor dysfunction 22/129 (17.1) 38/155 (24.5) .13 

Arm vs. leg pain 11/129 (8.5) 13/155 (8.4) .97 

Beta blocker 105 (65.2) 118 (69.4) .49 

Calcium channel blocker 27 (16.8) 30 (17.6) .95 

Nitrate 14 (8.7) 14 (8.2) 1.000 

Aspirin 150 (93.2) 163 (95.9) .39 

Statin 142 (88.2) 155 (91.2) .48 

Total cholesterol, mmol/l 5.2 1.2 5.3 1.2 .67 

Smoker 44 (27.3) 40 (23.5) .50 

Employed 60 (37.3) 64 (37.6) .53 

Sick leave  3 (1.9) 9 (5.3) - 

Unemployed 8 (5.0) 10 (5.9) - 

Retired 82 (50.9) 80 (47.1) - 

Status unknown 8 (5.0) 7 (4.1) - 

Sick leave, days* 60 (48-105) 60 (20-104) .35 



 


