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Abstract

Background: Recent trials suggest that off-pump coronary artery bypass grafting (OPCAB) reduces the risk of mortality and
morbidity compared with conventional coronary artery bypass grafting (CCAB) using cardiopulmonary bypass. Patients with a
moderate- to high-risk of complications after CCAB may have additional benefit from OPCAB.
Methods: The Best Bypass Surgery Trial is a randomized, single center trial comparing the effects of OPCAB versus CCAB. The
inclusion criteria are 3 vessel coronary heart disease affecting one of the marginal arteries, age N54 years, and EuroSCORE ≥5.
The primary composite outcome measure consists of all-cause mortality, myocardial infarction, stroke, cardiac arrest, cardiogenic
shock, and cardiac revascularization procedure. Follow up involves collection of data of mortality and morbidity via linkage to
public registers, quality of life assessment at 3 and 12 months postoperatively and angiographic control at 12 months. The sample
size of 330 patients was based on an estimated 75% one-year event free rate of the primary outcome measure in the OPCAB arm
and 60% in the control arm with alpha= .05 and beta= .20. Accordingly, the trial will be able to detect an absolute risk reduction of
15% or a relative risk reduction of 37.5%. The median follow-up time is scheduled to 3 years.
Results: Enrollment started in April 2002 and ended March 2006.
Conclusion: The results may have implications on the treatment modality of moderate- to high-risk patients scheduled for coronary
artery bypass grafting.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Patients with stenosed or occluded coronary arteries can be treated with coronary artery bypass grafting (CABG).
CABG may relieve pain and prolong life [1]. The operation can be performed in different ways. Two of the most
common operative techniques are: conventional coronary artery bypass grafting (CCAB), with cardiopulmonary
bypass and a heart- and lung machine, aortic cross clamping, and cardioplegic arrest, or off-pump coronary artery
bypass grafting (OPCAB), coronary bypass on beating heart without cardiopulmonary bypass, aortic cross clamping,
and cardioplegic arrest.

CCAB is associated with cardiac, pulmonary, renal, neurological, and coagulation related complications [1]. To
avoid some of these complications, the OPCAB procedure has gained increased interest since the mid 1990s. A number
of observational quality-control studies have focused on learning curves, graft patency, feasibility, technical aspects,
and patient safety. These studies suggest, that the OPCAB procedure can be performed in selected and possibly also
unselected patients with the same mortality as CCAB [2–6]. Further, some studies indicate that the OPCAB procedure
may offer benefits especially in patients with a moderate- to high-risk of complications [7]. OPCAB is superior to
CCAB in a few small randomized trials with respect to postoperative bleeding and inflammatory response [8–11]. A
recent meta-analysis, including 3369 patients, states that randomized trials of the two different surgical procedures are
still lacking for patients with 3-vessel disease focusing on clinically relevant long-term outcomes [12].

In the present article we describe the Best Bypass Surgery (BBS) Trial, a randomized trial taking advantage of public
registers to facilitate the conduct of a surgical trial with blinded outcome assessment.

2. Objectives

The aims of the BBS Trial are to compare OPCAB versus CCAB with respect to peri and postoperative mortality,
morbidity, length of stay in hospital, quality of life, and graft patency in patients with 3-vessel disease and a predicted
moderate- to high-risk of complications according to EuroSCORE [13].

3. Rationale

CABG plays an important role in the treatment of patients with ischemic heart disease. Complications seen in
conjunction with CCAB can as well be seen in OPCAB patients. Due to the cardiopulmonary bypass of CCAB a
number of specific complications have been described in this procedure (i.e., reperfusion damages, cardioplegic
damages, emboli after cannulation of the aorta, disturbances of coagulation, and inflammatory response). Known
adverse events of the OPCAB procedure, which may occur more often compared with the CCAB procedure might
include per procedural hemodynamic instability [14] and risk of postoperative reduced graft patency [15]. The potential
risks and benefits of CCAB and OPCAB procedures for patients with 3-vessel disease are summarized in Table 1.
Table 1
Summary of the potential risks and benefits with CCAB and OPCAB procedures for patients with 3-vessel disease

Outcome measures Incidence after CCAB Reference Incidence after OPCAB Reference

Mortality According to EuroSCORE [13] According to EuroSCORE [7,13]
Neurological events (type 1) 4% [27] Unknown No data
Neurological events (type 2) 23–90% [28,29] 0–?% [28]
Low cardiac output 9% [30] Unknown No data
Perioperative AMI 3% [30,31] Unknown No data
Atrial fibrillation 28–39% [32–35] 8–18% [33]
Renal dysfunction 8% [36] Unknown No data
Re-operation 7% Local data 4% Local data
Use of homologous blood transfusion 69% Local data, [37] 57% Local data
Freedom for angina at 1 year 83% [38] Unknown No data

AMI: Acute myocardial infarction.
Neurological events type 1: Focal stoke, transient ischemic attack, and fatal stroke or hemorrhage.
Neurological events type 2: Global/diffuse brain damage, with disorientation or immediate (and usually reversible) intellectual decline.
Local data: Unpublished observations.
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OPCAB may reduce postoperative cardiac, pulmonary, renal, neurological, coagulation related, and infectious
complications especially in the group of patients with a moderate- and high-risk mortality according to EuroSCORE
[13]. This might lead to a shorter length of stay at the hospital and a shorter rehabilitation period. However, evidence for
these statements is poor and mainly based on observational studies, which have a lower ranking in the evidence
hierarchy [16].

4. Trial design

BBS is a randomized, observer-blinded, single center, clinical trial, launched April 2002. The primary aim is to
assess the long-term effect of OPCAB versus CCAB on peri and postoperative mortality and morbidity in patients with
3-vessel disease and a EuroSCORE within moderate- to high-risk i.e., EuroSCORE≥5 [13].

4.1. Trial organization

The inclusion, operations, and postoperative treatment were carried out at the Department of Cardiothoracic
Surgery, Rigshospitalet, Copenhagen University Hospital. Three surgeons conducted all operations. Experience of the
three surgeons to the two operative techniques was high. The Copenhagen Trial Unit (CTU), Center for Clinical
Intervention Research, Rigshospitalet, Copenhagen University Hospital carried out protocol and case record form
development, randomization, and coordinates follow up. The trial has a Steering Committee, an Event Adjudication
Committee, and an Independent Data Monitoring and Safety Committee. Funding was raised from public funds in
order to keep our independence [17]. No investigator is profiting from the trial.

4.2. Ethics

The Danish Regional Committee on Biomedical Research Ethics (journal number 01-007/02) and the Danish Data
Protection Agency (journal number 2002-41-1968) approved the BBS Trial (internal registration number 2001-11-DP-
83-RKF-22). The trial is registered on ClinicalTrials.gov (NCT00120991) and is conducted in accordance with the
International Conference on Harmonization on Good Clinical Practice Guidelines and The Helsinki Declaration. All
participants signed written informed consent forms before randomization.

4.3. Trial population and patient recruitment

Patients who met the inclusion criteria and none of the exclusion criteria (Table 2) were consecutively enrolled in the
trial. The investigators screened daily for eligibility of all patients scheduled for elective or sub-acute CABG.

4.4. Randomization

Patients were centrally randomized by a press-button voice response telephone. They were randomized in blocks,
1:1, stratifying for sex, age (55–65 years or more than 65 years), diabetes mellitus (yes or no), and EuroSCORE (5–
7;8–10;11–13;14–16) [13].
Table 2
Eligibility criteria

Inclusion criteria Exclusion criteria

1. Known ischemic 3-vessel heart disease affecting one of the 1. Previous heart surgery
marginal coronary arteries 2. Ejection fraction below 30%
2. Patients N54 y 3. Unstable preoperative condition, i.e., continuous infusion of inotropics on
3. Scheduled for elective or subacute coronary artery bypass grafting the day of the operation
4. EuroSCORE ≥5 4. Patient unable to give informed consent.
5. The patient has signed written informed consent form before
randomization and surgery.

http://www.clinicaltrials.gov


Table 3
Outcome measures

The primary outcome measure is a composite outcome measure defined as the time to
• All-cause mortality
• Acute myocardial infarction
• Cardiac arrest with successful resuscitation
• Low cardiac output syndrome/cardiogenic shock
• Stroke
• Renewed cardiac revascularization procedure.

The secondary outcome measures
• Hyper-dynamic shock
• Atrial fibrillation during index admission
• Need for pacing more than 24 h
• Renal complications, i.e., serum creatinine more than 200 μmol/l
• Re-operation during index admission
• Pneumonia
• Respiratory insufficiency requiring intubation more than 24 h
• Additional serious adverse events (e.g., gastritic ulcer, lung embolus)
• Duration of stay in intensive care unit
• Duration of stay in the hospital
• Quality of life after 3 and 12 months
• Graft patency at one year postoperatively defined by coronary angiography.

The tertiary outcome measures
• Cardiovascular mortality and morbidity
– Cardiovascular mortality
– Acute myocardial infarction
– Cardiac arrest with successful resuscitation
– Low cardiac output syndrome/cardiogenic shock

• Stroke
• Renewed cardiac revascularization.
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4.5. Blinding

The BBS Trial is conducted without blinding after randomization, which leaves ample room for bias [18–20].
Therefore, the primary, secondary, and tertiary outcome measures will be assessed by the Event Adjudication
Committee, which is blinded to the intervention performed. The blinding consists in removal of all information related
to the type of intervention (OPCAB/CCAB) from the collected patient records and death certificates. Potential
demasking of the Event Adjudication Committee will be checked at completion of each outcome assessment.

5. Outcome measures

The primary outcome measure is a composite defined as the time to death, cardiac complications, or cerebral
complications. The primary, secondary, and tertiary outcome measures are shown in Table 3. As a sub-study
postoperative cognitive function will be evaluated in the first 120 randomized patients.

6. Follow up and outcome validation

All patients are followed after discharge by searching The Danish National Patient Registry and The Danish Civil
Registration System. The Danish National Patient Registry contains information about all somatic hospital admissions
and The Danish Civil Registration System records the vital status of all inhabitants in Denmark.

A copy of all patient records for each hospital admission as well as all death certificates is obtained and stored.
Including the index hospitalization this number is expected to be about 1000–1200 records. After the patient record has
been blinded regarding the surgical intervention, the record is presented to two randomly selected adjudicators from the
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Event Adjudication Committee. These adjudicators assess the patient record for outcome measures. Their assessments
are recorded on case record forms. In case of discrepancy between the assessments of the two adjudicators, the case
record forms together with the patient record and death certificate are sent to the third adjudicator who will decide the
most likely assessment or request for a reassessment. The data are double entered into an outcome measure database.

Furthermore, each patient is contacted at 3 and 12 months after surgery to fill out a quality of life form [21]. Due to
economical constraints, 70 patients will undergo a renewed angiography after 12 months. A random sample of the
patients (10% corresponding to about 33 patients) will have their data monitored with source data verification by an
impartial monitor.

7. Statistical analysis

7.1. Sample size

The BBS Trial is planned as a superiority trial, aiming to demonstrate that one intervention is better than the other.
Since the primary outcome measure is a binary response, sample size may be estimated using a Chi-square approach

with one degree of freedom and a two-sided test and an equal number of patients in each treatment group.
Based on the estimated frequency of complications in the two treatment groups and a chosen power of 1−β=80%

and 2α=5%, an absolute risk reduction of 15% or a relative risk reduction of 37.5% if the proportion of primary
outcome measure in the CCAB group is about 40% compared with 25% in the OPCAB group, it has been decided that
it is realistic to include 330 patients in the BBS Trial, resulting in approximately 165 patients in each arm.

The sample size calculation for the sub-study of cognitive dysfunction is based on the assumption of a 30%
reduction in cognitive dysfunction in the OPCAB group compared with the CCAB group and an expected dropout of
20% (α=.05, β=.2).

7.2. Interim analysis and stopping rules

An interim analysis is planned after the occurrence of the first 100 primary outcomes. The interim analysis is based on the
same approach as the final analysis. The Independent DataMonitoring and Safety Committee (IDMSC) conducts the interim
analysis. The IDMSC will be presented with all information about patients that suffer from death or cardiac, pulmonary,
cerebral, renal, or coagulation related complications. The IDMSC will get the data under code (a,b) and accordingly be
unaware of the group to which the patients is randomized. The purpose of the interim analysis is to monitor the efficacy and
safety of the trial interventions. The IDMSCmay advise early interruption of the trial to the Steering Committee if the interim
analysis demonstrate the following, estimated by univariate Cox regression analysis (by intervention):

• Conclusive evidence of a benefit regarding the primary outcome measure of OPCAB with pb .001 against CCAB.
• If OPCAB is associated with an increase in the occurrence of the primary outcome measure and the 99% confidence
interval excludes the possibility of a hazard ratio of 1.0, i.e., pb .01 against CCAB.

• If OPCAB is associated with an increase of the most severe outcomes of the primary composite outcomes measure,
i.e., death, acute myocardial infarction or stroke, and the 99% confidence interval excludes the possibility of a
hazard ratio of 1.0, i.e., pb .01 against CCAB.

The IDMSC will be informed about all serious adverse events occurring in the two intervention arms. Serious
adverse events are defined as an untoward medical occurrence that results in death, is life-threatening, results in
persistent or significant disability, or any important medical event which may jeopardize the patient or require
intervention to prevent it (ICH-GCP1997) [22].

The secondary purpose of the interim analysis is to enable the IDMSC to advise the Steering Committee to continue
patient inclusion if data from the interim analysis suggest that an extension of the trial is needed to demonstrate an effect
of the intervention. This advice must be based on conditional power calculation [23]. Furthermore, the trial should be
stopped if any new information, that may become available during the trial, necessitates early termination of the trial.

OPCAB patients may be converted to CCAB due to hemodynamic instability and CCAB patients may be converted
to OPCAB due to heavily calcified aorta. These patients' data are registered and followed like the remaining patients to
allow intention-to-treat analysis.
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7.3. Analysis of outcome measure

The purpose of the statistical analysis is to evaluate possible differences in clinical outcome between CCAB and
OPCAB.

The time to occurrence of the composite primary outcome measure will be analyzed using a log-rank test and Cox's
proportional hazard analysis. Covariates chosen before starting data analyses are type of intervention, sex, age, diabetes
mellitus, and EuroSCORE. Possible interactions and sub-group effects will be determined according to statistically
significant interactions between covariates in the Cox-model at the 5% level. Patients, lost during follow up, will be
censored at the time of dropping-out. Number of patients having acquired a primary outcome measure in each group
during the observation period will be compared and analyzed with a Chi-square test.

The length of stay in the intensive care unit and in hospital will be analyzed with an unpaired Student t-test if data
are normally distributed or Mann–Whitney test if not. The analyses of the questions on quality of life are performed
according to rules outlined by Ware et al. [21]. All categorical data will be analyzed with Chi-square test or Fishers
exact test as appropriate.

8. Results

From April 2002 to December 2006 341 patients have been randomized. Recruitment of patients ended March 2006.
Average monthly recruitment for the trial was eight patients.

9. Discussion

The design of the BBS Trial differs from several previous trials investigating OPCAB versus CCAB. First, the trial
is including patients with a moderate- to high-risk of 30-days mortality. Second, the existence of both a national
register of unique person identification and a national register of data on all somatic hospital admissions in a
population of relative demographic stability enable the BBS Trial to provide reliable, comprehensive, and unbiased
follow-up data. Third, the blinded Event Adjudication Committee is intended to give an unbiased and objective
judgment of the results of surgery. Fourth, the IDMSC ensures a close monitoring of the trial and is able to
recommend early termination if unacceptable differences occur. Fifth, the statistical analysis will be performed
without unmasking the treatment arm.

We have taken several initiatives in order to minimize bias in data collection and assessment. The consecutive
enrollment and the central randomization ensure random allocation and allocation concealment, which minimizes
selection bias [18–20,24]. It is of course not possible to blind the operating surgeons. Unblinded trials are at risk of
introducing performance, collateral intervention, attrition, and assessment bias [19,20]. Performance and collateral
intervention bias cannot be eliminated in the BBS Trial. However, the blinded adjudication may eliminate the risks of
assessment bias. Outcome reporting bias has been avoided by publication of the trial protocol prior to analyzing and
reporting the data [25].

The Danish National Patient Registry has collected nation wide data on all somatic hospital admissions since 1977,
and on all outpatients and emergency patients since 1995. The validity of the administrative data (data concerning
admission, identification, and discharge) is 97–98%. The validity of data concerning treatment and diagnosis is,
however, only 66–89% depending on diagnosis [26]. Therefore, copies of all patient records of admissions after
randomization will be collected and adjudicated.

The Danish Civil Registration System is a national system of unique person identification and is used, among other
things, for achieving information of deaths among the study population. This register has existed in Denmark for more
than 37 years and is almost 100% valid. Follow–up on death will therefore be complete.

Data from previous trials have been included in a meta-analysis of 3369 patients randomized to OPCAB versus
CCAB [12]. No difference between the groups was found in mortality, stroke, and acute myocardial infarction. The
majority of the patients included in the trials are not from the population, which our trial is focusing on. The meta-
analysis concludes that data are lacking with respect to long-term clinical, economic, cognitive function, and quality of
life outcome associated with the two different surgical techniques. Additionally comparison of the graft patency has not
yet been adequately addressed. Finally, trials investigating the older population, females, and high-risk patients are still
needed.
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10. Conclusion

The BBS Trial is to our knowledge the first trial to compare OPCAB versus CCAB with respect to peri and
postoperative mortality, morbidity, length of stay in hospital, quality of life, graft patency, and cognitive function in
moderate- to high-risk patients with 3-vessel disease. Further, it is the first trial using blinded long-term outcome
assessment, which hopefully enables an unbiased assessment of the benefits and harms of the two interventions. The
result of the trial may have implications for which surgical option patients might be offered in the future.
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