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OFF-PUMP VERSUS ON-PUMP CORONARY ARTERY BYPASS GRAFTING 
FOR ISCHEMIC HEART DISEASE 

A Technology Assessment 

 
 

INTRODUCTION 

The California Technology Assessment Forum (CTAF) was asked to update its assessment of the evidence 

for the use of off-pump coronary artery bypass grafting (CABG) surgery. The Forum reviewed off-pump 

CABG on February 13, 2002 and found that it met criteria at that time. However, recent publication of the 

results of the Randomized On/Off Bypass (ROOBY) trial raised concerns about the original assessment. 

The following is an update of the earlier technology assessment and focuses primarily on Technology 

Assessment Criterion 4: is off-pump CABG as beneficial as the established alternative, on-pump CABG 

using cardiopulmonary bypass. 

 

BACKGROUND 

In 2006 approximately 425,000 people died from coronary heart disease in the United States: one of every 

six deaths.1 The American Heart Association estimates that 1,450,000 Americans will have a heart attack in 

2010.  Clinical trials have demonstrated that CABG, which uses arteries and/or veins to route blood around 

narrowed or blocked coronary arteries, can increase patient survival compared with medical therapy.2 The 

standard approach to CABG is to use cardiopulmonary bypass to circulate blood throughout the body, thus 

allowing the heart to be stopped so that bypasses can safely be performed. Approximately 448,000 CABG 

procedures were performed in 2006 with in-hospital mortality falling to 3.5% from 4.3% approximately ten 

years earlier in spite of an increase in the preoperative surgical risk in the patients undergoing surgery.1 

 

The earliest CABG procedures were done on a beating heart, including Sabiston’s original aortocornary 

bypass in 1962.3 However, the advent of cardiopulmonary bypass and cardioplegic arrest through a full 

sternotomy allowed for full access to the coronary arteries in a quiescent and bloodless field, which made 

the procedure technically much easier. Thus, “beating heart” or “off-pump” coronary artery bypass grafting 

was abandoned for some time. 

 

In the early 1980’s, several investigators revived interest in off-pump CABG.4, 5 The primary benefit ascribed 

to off-pump CABG was a reduction in the neurocognitive deficits thought to occur after cardiopulmonary 

bypass. These investigators and others suggested that off-pump procedures would avoid known adverse 

effects of cardiopulmonary bypass (increased inflammatory response, clotting, and microemboli), thus 



                                                    

 3 

potentially reducing patient morbidity and mortality. Subsequent improvements in cardiac retractor and 

stabilization systems allowed for exposure of all surfaces of the heart and made it technically possible to 

perform multi-vessel coronary bypass on the beating heart.6, 7 

 

Off-pump coronary artery bypass grafting 

Off-pump CABG is primarily performed using a standard median sternotomy incision. Surgeons use 

stabilizers to steady the heart and intracoronary shunts to permit continued myocardial perfusion during the 

construction of the distal anastomoses. Target artery immobilization is accomplished with proprietary 

stabilizing retractor systems offered by several manufacturers.6-8 

 

There are many potential advantages of off-pump CABG over the on-pump procedure. Aortic cross 

clamping and cannulation for cardiopulmonary bypass increases the risk for bleeding and for embolization 

(platelet emboli, air emboli, atherosclerotic emboli). Key short-term patient outcomes related to these 

complications include the potential for death, strokes, heart attacks, renal failure, and a return to the 

operating room for bleeding. Avoiding the trauma of cardiopulmonary bypass may also shorten the length of 

the surgery and the post-operative recovery time resulting in shorter intensive care unit (ICU) stays and 

shorter hospitalizations. Intermediate term outcomes may include improved neurocognitive outcomes and 

quality of life through a reduction in microemboli to the brain. 

 

However, off-pump CABG is a technically more demanding procedure than on-pump CABG. Constant heart 

motion, fluctuating hemodynamics during the manipulation of the heart, regional ischemia, and difficult 

access to the coronary arteries (particularly the left circumflex artery) all contribute to the potential for sub-

optimal construction of the arterial anastomoses and may influence decision-making about the number of 

bypass grafts performed during surgery.9, 10 Induced bradycardia and improvements in surgical devices for 

local tissue stabilization are attempts to minimize these difficulties. It is known that the completeness of 

revascularization correlates with long term survival. Thus, two important outcomes to assess when 

comparing off-pump to on-pump CABG are the number of grafts performed and the long-term patency of the 

grafts. 

 

Overall the most important outcome to assess is long-term mortality as bypass surgery is primarily 

performed to reduce mortality from coronary artery disease. Ideally outcomes would be assessed over a five 

to ten year time-frame to adequately assess the durability of the anastomoses. Other essential long-term 
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outcomes include rates of myocardial infarction (MI), stroke, the need for repeat revascularization, cognitive 

function and quality of life. 

 

TECHNOLOGY ASSESSMENT (TA) 

 

TA Criterion 1: The technology must have final approval from the appropriate government 

regulatory bodies. 

 

Off-pump CABG is a procedure and therefore is not regulated by the Food and Drug Administration (FDA).  

Several manufacturers have developed the specialized devices to perform off-pump CABG.  These devices 

have received FDA clearance through the 510(k) process. 

 

TA Criterion 1 is met. 

 

 

TA Criterion 2: The scientific evidence must permit conclusions concerning the effectiveness of 

the technology regarding health outcomes. 

 

The Medline database, Cochrane clinical trials database, Cochrane reviews database and the Database of 

Abstracts of Reviews of Effects (DARE) were searched using the key words “coronary artery bypass, off-

pump,” “beating heart,” “opcab,” “op-cab” and “octopus.” These were cross-referenced with the keyword 

“coronary artery bypass”. The search was performed for the period from 1966 through January 2010. The 

bibliographies of systematic reviews and key articles were manually searched for additional references. 

References were also solicited from the manufacturers and local experts. The abstracts of citations were 

reviewed for relevance and all potentially relevant articles were reviewed in full. This review focuses on the 

essential patient oriented outcomes: death, myocardial infarctions, strokes, revascularization, bleeding 

requiring re-operation, renal injury requiring dialysis, cognitive function and quality of life. These outcomes 

are relatively uncommon and require time to observe. Given the prior CTAF assessment, the large number 

of randomized trials, the large number of prior meta-analyses, and the potential for selection and information 

bias in observational trials, this assessment includes only trials that randomized at least one hundred 

participants or followed participants for at least one year. 
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The search identified 2135 potentially relevant trials. After elimination of duplicate and non-relevant 

references, 197 articles were reviewed in full. A large number of randomized trials were excluded because 

of small size, limited follow-up, specialized patient populations, and lack of any of the essential clinical 

outcomes.11-91 The remaining 51 references describe sixteen randomized trials in detail.92-142 The 

characteristics of the trials are summarized in Table 1 below. Details that are relevant for the assessment of 

the quality of randomized trials are described in Table 2. The peri-operative outcomes are summarized in 

Table 3 and the intermediate outcomes are summarized in Table 4. No trials adequately described the five 

and ten year outcomes for patients. 

 

The search also identified nineteen systematic reviews and meta-analyses comparing the results of off-

pump to on-pump CABG.9, 10, 143-159 Many of the small randomized trials excluded from this review are 

included in these meta-analyses, though the most recent only included ten trials in their meta-analysis.146 

 

 

Level of Evidence: 1, 2, 3, 4, and 5. 

TA Criterion 2 is met. 

 

TA Criterion 3: The technology must improve net health outcomes. 

As noted in the introduction, there is no question that off-pump CABG improves net health outcomes 

compared with no surgery in patients with indications for CABG. Approximately 20% of all CABG 

procedures in the United States are performed using the off-pump approach and there is a large body of 

observational evidence demonstrating outcomes that are close to those achieved by on-pump CABG.153, 159-

162 The primary question that remains open is whether the net health outcomes achieved by off-pump CABG 

are comparable to or indeed better than those achieved with on-pump CABG. 

 

TA Criterion 3 is met. 

 

TA Criterion 4: The technology must be as beneficial as any established alternatives. 

 

The primary value of CABG is the reduction in mortality achieved with surgery when compared to medical 

therapy or percutaneous coronary interventions (PCI) such as angioplasty and the placement of coronary 
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artery stents. Thus, the most important outcome to assess is long-term mortality following CABG. A 

minimum of five years and ideally ten years would be required to fully assess the impact of off-pump CABG 

on mortality. One of the key benefits cited in favor of off-pump CABG is better neurocognitive function in 

patients following surgery, including a reduction in strokes. CABG also treats angina. Thus, the key 

outcomes focused on in this assessment include mortality, strokes, heart attacks, and neurocognitive 

function. Since few studies had more than one-year follow-up, we focused on outcomes through one year. 

Because of concerns that off-pump surgery may result in insufficient or poor quality revascularization, 

important secondary outcomes included the completeness of revascularization and the rate of repeat 

procedures for revascularization. Perioperative outcomes such as atrial fibrillation, bleeding, renal 

dysfunction, and reoperations are important, but primarily as reflected in overall mortality, strokes, and heart 

attacks as these are the clinical outcomes that matter most to patients. 

 

Table 1 describes the characteristics of the randomized trials directly comparing off-pump to on-pump 

surgery. Most of the trials were performed in Europe, though Brazil, Japan, Canada, and the United States 

are represented. The average age of participants in the trials ranged from 59 to 67 years old and 10% to 

34% were female with the exception of the ROOBY trial described in detail below. The trials randomized 

5031 patients with the ROOBY trial contributing 44% of the patients. All but two of the trials were single 

center trials at centers with one or a few surgeons with special expertise in performing off-pump surgery. 

Essentially all trials excluded patients who required emergent surgery, had undergone prior bypass surgery, 

or who required additional surgery at the same time as the CABG such as cardiac valve surgery or repair of 

aortic aneurysms. The oldest patients, those with significant heart failure, and those with significant renal 

disease were also generally excluded from the trials. Thus the patient population is somewhat lower risk 

than the larger population of patients undergoing CABG and this is reflected in the overall good outcomes 

reported in the trials relative to national averages. 

 

The criteria for the quality of the randomized trials are summarized in Table 2. All were randomized, but the 

method of randomization was often not described in detail, nor was the method of allocation concealment. 

Ideally the blind would not have been broken for the operating surgeons until the day of the operation and 

the study participants could have remained blinded throughout the trial. Information bias is less likely to play 

a major role in studies with hard outcomes like mortality and stroke as long as the outcome assessment was 

performed by someone blinded to treatment allocation. None of the studies described blinded evaluation 

and outcome adjudication for outcomes with some potential for subjectivity such as stroke and MI. 
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Physicians reading and scoring post-CABG angiograms were usually blinded, but this is not one of the key 

outcomes. In general, the studies were balanced after randomization, loss to follow-up was minimal and 

balanced, and the results were analyzed and presented as intention to treat. 

 

The peri-operative outcomes through thirty days are summarized in Table 3. Among patients randomized to 

off-pump bypass, the surgeon elected to convert to an on-pump procedure in up to 22% of the surgeries106, 

though several studies reported no conversions.93, 95, 112, 113 It is unclear why there is such heterogeneity in 

conversion rates. The largest and most recent series reported a conversion rate of just over 12%.132 The 

majority of the trials reporting the operative time, noted shorter operative times with the off-pump approach. 

However, several trials reported equivalent or shorter operative times with the on-pump procedure, including 

the largest and most recent trial.132 In all studies, the average number of grafts performed was lower in 

surgeries performed off-pump, although the differences were small. For instance in the large ROOBY trial, 

patients in the off-pump group received an average of 2.9 grafts per surgery compared with 3.0 grafts for 

patients in the on-pump group (p = 0.002) and the off-pump group received significantly fewer grafts than 

planned prior to surgery (p<0.001). 

 

In the earliest trials, the time spent in the ICU and hospital were shorter following off-pump surgery, but this 

has not been true in the more recent trials. In the ROOBY trial there were no significant differences in time 

in the ICU or hospital with a trend towards almost a half-day longer average hospitalization for patients in 

the off-pump group. Across the studies, there were no clear differences in peri-operative mortality, MI’s, 

strokes, reoperations or renal failure requiring dialysis. As noted in prior meta-analyses145, 148, 153, 159, there 

was a significant reduction in peri-operative atrial fibrillation, but this did not appear to result in shorter 

hospitalizations or fewer strokes. 
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Table 1: Description of Study Procedures and Participants 

 
Study 
Key authors 
Location 

Years 
performed 

N Follow-up 
(years) 

Age, yrs 
 

Sex, %F 

%DM 
 

EF 

Inclusion criteria Exclusion criteria Comment 

Czerny 2001 
 
Vienna, Austria 

Before 2001 80 1.1 64 
 

16 

NR 
 

0.64 

≥ 2 vessels 
Normal EF 
Elective, low risk 

Diffuse disease 
LVH 

Single center 

BHACAS 1 
Angelini; Ascione 
Bristol, UK 

1997-1998 200 2.0 62 
 

20 

20 
 

80% > 0.50 

≥ 1 vessel 
1st CABG 

EF<30%, recent MI 
COPD, CVA, Renal dz, 
circumflex dz 

Single center 

BHACAS 2 
Angelini; Ascione 
Bristol, UK 

1998-1999 201 1.2 63 
 

16 

31 
 

77% >0.50 

≥ 1 vessel 
1st CABG 

EF<30%, COPD, CVA, renal 
disease 

Single center 

OCTOPUS 
Van Dijk; Nathoe 
Utrecht, Netherlands 

1998-2000 281 5.0 61 
 

31 

13 
 

78% > 0.50 

≥ 1 vessel 
1st CABG 

Emergency CABG. 
EF<30% 
Recent MI 

Single center 

Lee 2003 
 
Honolulu, Hawaii 

1999-2001 60 1.0 66 
 

18 

NR 
 

0.55 

≥ 1 vessel 
“Safe” for both 
procedures. 

Creatinine ≥ 2.0 
Re-operation 

Single center, two surgeons 

Muneretto 2003 
 
Brescia, Italy 

2000-2002 176 1.0 67 
 

39 

41 
 

NR 

≥ 2 vessels Age > 75 years 
COPD, CVA, Renal dz, carotid 
dz. 

Single center 

Gerola 2004 
 
Sao Paulo, Brazil 

Before 2004 160 0.1 59 
 

34 

21 
 

NR 

≥ 1 vessel Emergency CABG. 
Age > 70 years, EF < 35%, 
AIDS, circumflex disease 

Single center 

Khan 2004 
 
London, UK 

2000-2002 103 0.25 63 
 

13 

27 
 

67% > 0.50 

≥ 3 vessels 
1st CABG 

<30, > 80 years 
CAS > 70%, EF < 20%, recent 
CVA 

Single center, two surgeons 

Legare 2004 
Karolak 2007 
Halifax, Canada 

1999-2003 300 3.8 63 
 

20 

33 
 

86% > 0.50 

≥ 1 vessel 
1st CABG 

Emergency CABG. 
EF<30% 

Single center, six surgeons 

SMART 
Puskas 2004 
Atlanta, Georgia 

2000-2001 197 1.0 62 
 

23 

31 
 

49% > 0.45 

≥ 1 vessel Emergency CABG. Single surgeon 

PRAGUE-4 
Widimsky; Straka 2004 
Prague, Czech Rep. 

2000-2002 400 1.0 63 
 

19 

28 
 

0.58 

≥ 1 vessel Emergency CABG. 
Significant valvular disease. 

Single center 

JOCRI 
Kobayashi 
5 centers Japan 

2002-2004 147 0.1 60 
 

15 

60 
 

0.56 

≥ 2 vessels 
1st CABG 

> 70 years 
CAS, recent stroke 

5 centers, 5 surgeons 

Al Ruzzeh 2006, 2008 
 
Middlesex, UK 

Before 2006 168 0.5 63 
 

17 

21 
 

68% > 0.50 

≥ 2 vessels Emergency CABG. 
EF<30%, renal failure 
 

Single surgeon 

Lingaas 2006 
 
Oslo, Norway 

Before 2005 120 1.0 65 
 

22 

17 
 

0.72 

≥ 1 vessel EF<30% 
Renal failure 

Single center, four surgeons 

Motallebzadeh 2006, 2007 
 
London, UK 

2002-2004 212 0.5 65 
 

11 

24 
 

48% > 0.50 

1st CABG Prior cardiac surgery, 
CAS>50%, recent MI, prior 
CVA, EF < 20%, renal failure 

Single center 

ROOBY 
Shroyer 2009 
18 centers, USA 

2002-2008 2203 1.0 63 
 

0.6 

43 
 

59% > 0.54 

Elective or urgent CABG. 
≥ 1 vessel 

Emergent surgery, Significant 
valvular disease, small target 
vessels 

18 centers, 53 surgeons 

 



                                                    

 9 

Table 2: Quality of the Randomized Clinical Trials Comparing Off-pump to On-pump coronary artery bypass grafting 

 
Study Randomization Allocation 

concealment 
Comparable groups at 

randomization 
Loss to follow-up 

comparable? 
Blinded outcome 

assessment 
Patient blinding ITT (lost to follow-up 

included?) 

Czerny 2001 
 
Vienna, Austria 

NR NR Yes NR NR NR NR 

BHACAS 1 
Angelini; Ascione 
Bristol, UK 

Yes Yes Yes Yes Yes 
 

Yes Yes 

BHACAS 2 
Angelini; Ascione 
Bristol, UK 

Yes Yes Yes Yes Yes Yes Yes 

OCTOPUS 
Van Dijk; Nathoe 
Utrecht, Netherlands 

Yes Yes Yes Yes Yes NR NR 

Lee 2003 
 
Honolulu, Hawaii 

NR Yes Yes Yes Yes NR Yes 

Muneretto 2003 
 
Brescia, Italy 

NR NR Yes Yes NR NR Yes 

Gerola 2004 
 
Sao Paulo, Brazil 

Yes NR Yes except prior MI 24 
vs. 45, p=0.001 

Yes NR NR Yes 

Khan 2004 
 
London, UK 

NR NR Yes except planned 
grafts greater in off-pump 

(3.6 vs. 3.2, p=0.003) 

Yes NR NR Yes 

Legare 2004 
Karolak 2007 
Halifax, Canada 

Yes Yes Yes Yes NR NR Yes 

SMART 
Puskas 2004 
Atlanta, Georgia 

Yes Yes Yes, except fewer prior 
strokes in off-pump, 1 vs. 

9, p=0.02 

Yes, but high Partial Yes Yes 

PRAGUE-4 
Widimsky; Straka 2004 
Prague, Czech Rep. 

Yes Yes Yes No NR NR Yes 

JOCRI 
Kobayashi 
5 centers Japan 

Yes NR Yes Yes NR NR Yes 

Al Ruzzeh 2006, 2008 
 
Middlesex, UK 

Yes Yes Yes Yes Yes Yes NR 

Lingaas 2006 
 
Oslo, Norway 

Yes NR Yes Yes Partial NR Yes 

Motallebzadeh 2006, 2007 
 
London, UK 

Yes Yes Yes Yes NR NR NR 

ROOBY 
Shroyer 2009 
18 centers, USA 

Yes Yes Yes Yes Partial NR Yes 
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Table 3: Peri-operative and thirty day outcomes 

 
Study 
 

Study 
group 

N Conversion 
to on pump 

(n, %) 

Op time 
(minutes) 

Mean 
number of 

grafts 

ICU stay 
(days) 

Hospital 
LOS 

(days) 

Death 
(n) 

Cardiac 
arrest 

(n) 

MI (n) Stroke (n) Atrial 
fibrillation 

(n) 

Re-operation for bleeding 
(n) 

Renal failure 
requiring dialysis (n) 

Czerny 2001 
 
Vienna, Austria 

Off-pump 
 
On-pump 

40 
 

40 

9 (22.5%) 178 
 

254 

2.6 
 

3.1 

1.2 
 

2.0 

13.5 
 

12.6 

0 
 
0 

 
NR 

0 
 
0 

0 
 
0 

5 
 
7 

1 
 
2 

 
NR 

BHACAS 1 
Angelini; Ascione 
Bristol, UK 

Off-pump 
 
On-pump 

100 
 

100 

2 (2.0%) 177 
 

186 

2.3 
 

2.5 

1.1 
 

1.3 

6.3 
 

7.2 

0 
 
2 

 
NR 

1 
 
4 

0 
 
0 

11 
 

45 

 
NR 

 
NR 

BHACAS 2 
Angelini; Ascione 
Bristol, UK 

Off-pump 
 
On-pump 

100 
 

101 

0 (0%)  
NR 

2.9 
 

3.0 

 
NR 

 
NR 

0 
 
0 

 
NR 

0 
 
1 

0 
 
0 

14 
 

29 

 
NR 

 
NR 

OCTOPUS 
Van Dijk; Nathoe 
Utrecht, Netherlands 

Off-pump 
 
On-pump 

142 
 

139 

5 (3.5%) 250 
 

229 

2.4 
 

2.6 

1.4 
 

1.6 

8.1 
 

8.6 

0 
 
0 

 
NR 

7 
 
7 

1 
 
2 

28 
 

29 

 
NR 

 
NR 

Lee 2003 
 
Honolulu, Hawaii 

Off-pump 
 
On-pump 

30 
 

30 

0 (0%) 246 
 

246 

3.1 
 

3.6 

 
NR 

5.0 
 

6.0 

1 
 
0 

1 
 
0 

 
NR 

 
NR 

7 
 

12 

 
NR 

 
NR 

Muneretto 2003 
 
Brescia, Italy 

Off-pump 
 
On-pump 

88 
 

88 

8 (9.1%)  
NR 

2.7 
 

2.8 

0.9 
 

1.85.0 

5.0 
 

7.0 

3 
 
2 

1 
 
0 

1 
 
2 

0 
 
2 

19 
 

31 

 
NR 

 
NR 

Gerola 2004 
 
Sao Paulo, Brazil 

Off-pump 
 
On-pump 

80 
 

80 

NR 190 
 

205 

1.8 
 

1.8 

2.3 
 

2.4 

7.6 
 

8.0 

1 
 
3 

0 
 
0 

3 
 
6 

0 
 
0 

7 
 
4 

0 
 
0 

 
NR 

Khan 2004 
 
London, UK 

Off-pump 
 
On-pump 

54 
 

49 

2 (3.7%) 238 
 

238 

3.1 
 

3.4 

1.0 
 

1.0 

7.0 
 

7.0 

0 
 
0 

 
NR 

1 
 
0 

0 
 
0 

 
NR 

0 
 
2 

 
NR 

Legare 2004 
Karolak 2007 
Halifax, Canada 

Off-pump 
 
On-pump 

150 
 

150 

20 (13.3%)  
NR 

2.8 
 

3.0 

0.9 
 

0.9 

5.0 
 

5.0 

2 
 
1 

0 
 
0 

4 
 
1 

2 
 
0 

38 
 

48 

2 
 
3 

 
NR 

SMART 
Puskas 2004 
Atlanta, Georgia 

Off-pump 
 
On-pump 

100 
 

100 

1 (1.0%)  
NR 

2.3 
 

2.7 

 
NR 

5.1 
 

6.1 

1 
 
2 

 
NR 

1 
 
2 

1 
 
2 

16 
 

22 

1 
 
2 

2 
 
0 

PRAGUE-4 
Widimsky; Straka 2004 
Prague, Czech Rep. 

Off-pump 
 
On-pump 

208 
 

192 

31 (14.9%)  
NR 

 
NR 

1.0 
 

1.0 

5.0 
 

5.0 

4 
 
2 

 
NR 

4 
 
3 

0 
 
2 

41 
 

44 

 
NR 

2 
 
2 

JOCRI 
Kobayashi 
5 centers Japan 

Off-pump 
 
On-pump 

81 
 

86 

0 (0%) 267 
 

307 

3.5 
 

3.6 

1.3 
 

1.6 

 
NR 

0 
 
0 

0 
 
0 

2 
 
2 

0 
 
1 

19 
 

19 

 
NR 

 
NR 

Al Ruzzeh 2006, 2008 
 
Middlesex, UK 

Off-pump 
 
On-pump 

84 
 

84 

0 (0%) 179 
 

222 

 
NR 

1.4 
 

2.3 

10.0 
 

10.0 

1 
 
0 

 
NR 

1 
 
1 

2 
 
1 

28 
 

22 

3 
 
2 

2 
 
5 

Lingaas 2006 
 
Oslo, Norway 

Off-pump 
 
On-pump 

60 
 

60 

7 (11.7%)  
NR 

2.6 
 

2.8 

 
NR 

 
NR 

1 
 
1 

 
NR 

 
NR 

 
NR 

18 
 

20 

 
NR 

 
NR 

Motallebzadeh 2006, 
2007 
 
London, UK 

Off-pump 
 
On-pump 

108 
 

104 

0 (0%)  
NR 

 
NR 

 
NR 

 
NR 

2 
 
1 

 
NR 

 
NR 

1 
 
4 

 
NR 

 
NR 

 
NR 

ROOBY 
Shroyer 2009 
18 centers, USA 

Off-pump 
 
On-pump 

1104 
 

1099 

137 (12.4%) 270 
 

264 

2.9 
 

3.0 

3.7 
 

3.8 

8.2 
 

7.8 

18 
 

13 

20 
 

12 

 
NR 

14 
 
8 

 
NR 

30 
 

23 

9 
 

10 
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Table 4: Intermediate term / one year outcomes 

 
Study 
 

Study 
group 

N 
 

Death (n, %) Revascularization (n, %) Patency (%) MI (n, %)) Stroke (n, %)) Cognitive 
function 

Quality of life 

Czerny 2001 
 
Vienna, Austria 

Off-pump 
 
On-pump 

40 
 

40 

0 (0%) 
 

0 (0%) 

3 (7.5%) 
 

0 (0%) 

 
NR 

0 (0%) 
 

0 (0%) 

0 (0%) 
 

0 (0%) 

 
NR 

 
NR 

BHACAS 1 
Angelini; Ascione 
Bristol, UK 

Off-pump 
 
On-pump 

100 
 

100 

3 (3.0%) 
 

4 (4.0%) 

3 (3.0%) 
 

3 (3.0%) 

 
NR 

2 (2.0%) 
 

5 (5.0%) 

2 (2.0%) 
 

3 (3.0%) 

 
NR 

No difference at 3 
years 

BHACAS 2 
Angelini; Ascione 
Bristol, UK 

Off-pump 
 
On-pump 

100 
 

101 

1 (1%) 
 

3 (3.0%) 

1 (1.0%) 
 

1 (1.0%) 

 
NR 

2 (2.0%) 
 

3 (3.0%) 

1 (1.0%) 
 

3 (3.0%) 

 
NR 

No difference at 3 
years 

OCTOPUS 
Van Dijk; Nathoe 
Utrecht, Netherlands 

Off-pump 
 
On-pump 

142 
 

139 

12 (8.5%) 
 

9 (6.5%) 

11 (7.7%) 
 

7 (5.0%) 

91% 
 

93% 

7 (4.9%) 
 

9 (6.5%) 

2 (1.4%) 
 

5 (3.6%) 

No difference at 1 
year 

EuroQol: No 
difference at 1 

year 

Lee 2003 
 
Honolulu, Hawaii 

Off-pump 
 
On-pump 

30 
 

30 

1 (3.3%) 
 

0 (0%) 

 
NR 

 

 
NR 

 
NR 

 

0 (0%) 
 

1 (3.3%) 

No difference at 1 
year 

 
NR 

Muneretto 2003 
 
Brescia, Italy 

Off-pump 
 
On-pump 

88 
 

88 

4 (4.5%) 
 

4 (4.5%) 

0 (0%) 
 

0 (0%) 

 
NR 

2 (2.3%) 
 

4 (4.5%) 

0 (0%) 
 

2 (2.3%) 

 
NR 

 
NR 

Gerola 2004 
 
Sao Paulo, Brazil 

Off-pump 
 
On-pump 

80 
 

80 

1 (1.3%) 
 

3 (3.8%) 

 
NR 

 
NR 

6 (7.5%) 
 

3 (3.8%) 

0 (0%) 
 

0 (0%) 

 
NR 

 
NR 

Khan 2004 
 
London, UK 

Off-pump 
 
On-pump 

54 
 

49 

0 (0%) 
 

0 (0%) 

0 (0%) 
 

0 (0%) 

88% 
 

98% 

1 (1.9%) 
 

0 (0%) 

0 (0%) 
 

0 (0%) 

 
NR 

 
NR 

Legare 2004 
Karolak 2007 
Halifax, Canada 

Off-pump 
 
On-pump 

150 
 

150 

10 (6.7%) 
 

5 (3.3%) 

2 (1.3%) 
 

4 (2.7%) 

 
NR 

4 (2.7%) 
 

1 (0.7%) 

2 (1.3%) 
 

0 (0%) 

 
NR 

No difference on 
5 scales 

SMART 
Puskas 2004 
Atlanta, Georgia 

Off-pump 
 
On-pump 

100 
 

100 

4 (4.0%) 
 

4 (4.0%) 

2 (2.0%) 
 

1 (1.0%) 

94% 
 

96% 

2 (2.0%) 
 

3 (3.0%) 

2 (2.0%) 
 

2 (2.0%) 

 
NR 

SF36 and 
EuroQol: no 
difference 

PRAGUE-4 
Widimsky; Straka 2004 
Prague, Czech Repub. 

Off-pump 
 
On-pump 

208 
 

192 

4 (1.9%) 
 

2 (1.0%) 

 
NR 

 

70% 
 

74% 

4 (1.9%) 
 

3 (1.6%) 

0 (0%) 
 

2 (1.0%) 

 
NR 

 
NR 

JOCRI 
Kobayashi 
5 centers Japan 

Off-pump 
 
On-pump 

81 
 

86 

0 (0%) 
 

0 (0%) 

 
NR 

 
NR 

 
NR 

 
NR 

 
NR 

 
NR 

Al Ruzzeh 2006, 2008 
 
Middlesex, UK 

Off-pump 
 
On-pump 

84 
 

84 

2 (2.4%) 
 

3 (3.6%) 

 
NR 

93% 
 

94% 

 
NR 

 
NR 

Off pump better 
on 3 scales at 6 
weeks; 2 at 6 

months 

Trend towards 
better off pump 

Lingaas 2006 
 
Oslo, Norway 

Off-pump 
 
On-pump 

60 
 

60 

1 (1.7%) 
 

1 (1.7%) 

7 (11.7%) 
 

3 (5.0%) 

85% 
 

90% 

 
NR 

 

 
NR 

 
NR 

 
NR 

Motallebzadeh 2006, 2007 
 
London, UK 

Off-pump 
 
On-pump 

108 
 

104 

3 (2.8%) 
 

4 (3.8%) 

 
NR 

 
NR 

 
NR 

1 (0.9%) 
 

5 (4.8%) 

No difference at 6 
months 

SF36: No 
difference at 6 or 

18 months 

ROOBY 
Shroyer 2009 
18 centers, USA 

Off-pump 
 
On-pump 

1104 
 

1099 

43 (4.1%) 
 

30 (2.9%) 

49 (4.6%) 
 

36 (3.4%) 

83% 
 

88% 

41 (3.7%) 
 

35 (3.2%) 

14 (1.3%) 
 

8 (0.7%) 

Both groups 
improved; 1/11 

significant in favor 
of off pump 

 
NR 
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The more important outcomes are summarized in Table 4. Ideally there would be longer follow-up, but one 

year is sufficient to evaluate the neurocognitive and quality of life outcomes. The trends in the other major 

cardiovascular events serve as intermediate outcomes for event rates expected with longer follow-up. If the 

events are pooled across studies, 3.5% of patients randomized to off-pump groups died compared with 

2.9% of patients randomized to on-pump surgery. There was a trend towards increased mortality in patients 

randomized to off-pump CABG (RR 1.29, 95% CI 0.94 to 1.76, Figure 1). There was little unexplained 

heterogeneity in this meta-analysis (I2 = 0%, p= 0.94). There was a trend towards fewer strokes in the off-

pump group (Figure 2, RR 0.78, 95% CI 0.47 to 1.30), but more revascularizations (Figure 3, RR 1.36, 95% 

CI 0.96 to 1.91). There were no differences in the rate of MI (Figure 4). If all four major outcomes are 

combined, there was a trend towards more events in the off-pump group (Figure 5, RR 1.15, 95% CI 0.97 to 

1.36), but it did not achieve statistical significance. In the studies that evaluated graft patency, the 

percentage of grafts that were open was consistently lower in the off-pump group, particularly when 

saphenous vein grafts were used. The combination of less complete revascularization and increased graft 

failure may explain the trend towards greater mortality in the off-pump group. 

 

Early reports suggested that neurocognitive function was better following off-pump surgery and was one of 

the major motivations to perform large randomized trials.23, 138 However, as seen in Table 4, most trials 

found no difference in neurocognitive outcomes at one year and in general both groups scored higher on the 

neurocognitive scales than they did at baseline. Several studies found differences in the first few months 

following surgery, but those differences were no longer clinically significant by one year. Two recent meta-

analyses of the randomized trials focused exclusively on cognitive function.147, 157 Both concluded that there 

were not significant neurocognitive benefits when comparing off-pump to on-pump CABG. Similarly, almost 

all trials evaluating quality of life outcomes reported equivalent outcomes in both groups. 
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Figure 1: Total mortality in the randomized trials of off-pump CABG with at least one year follow-up 

 

 
Figure 2: Strokes in the randomized trials of off-pump CABG with at least one year follow-up 
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Figure 3: Revascularization in the randomized trials of off-pump CABG with at least one year follow-up 
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Figure 4: MIs in the randomized trials of off-pump CABG with at least one year follow-up 

 

Figure 5: Total events in the randomized trials of off-pump CABG with at least one year follow-up 
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The Veterans Affairs (VA) ROOBY study132 is by far the largest and best quality randomized trial directly 

comparing on-pump to off-pump CABG. It is also one of the few studies done in the United States and is the 

most recent study, thus it more closely represents current surgical techniques. Therefore, it will be described 

in greater detail below. 

 

 To be eligible, participating surgeons were required to have performed a minimum of 20 off-pump CABGs, 

although most had performed many more (mean 120, median 50). The investigators randomized 2203 

patients at 18 VA medical centers between 2002 and 2007. The study followed the patients every two 

months for one year. The trial had two primary composite outcomes. The first combined the following short-

term events: death or major complications (re-operation, cardiac arrest, coma, stroke, renal failure requiring 

dialysis) within 30 days. The second combined the following intermediate-term events: any death within one 

year; nonfatal MI between 30 days and one year; or repeat revascularization between 30 days and one 

year. Important secondary outcomes included the completeness of revascularization, graft patency at one 

year, and change in neuropsychological tests between baseline and one year. 
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The ROOBY trial included all patients scheduled for urgent or elective CABG without additional planned 

surgery, though very few women were included because of the relatively small numbers of women receiving 

their care at VA medical centers. It excluded patients undergoing immediate surgery and those with 

significant valve disease, small target vessels, or diffuse coronary disease. There were no significant 

differences in the baseline characteristics of the participants. Their average age was 63 years, more than 

99% were male, 8% black, 5% Hispanic, and 84% white. Almost half of the participants were diabetic (44%), 

one-third were current smokers, and two-thirds had triple vessel disease. 

 

The 30-day primary outcome occurred in 7.0% of patients in the off-pump group and 5.6% of patients in the 

on-pump group (RR 1.26, 95% CI 0.9 to 1.7, p = 0.19). Among patients in the off pump group, 1.6% died in 

the first 30 days, 1.8% had a cardiac arrest, 1.3% had a stroke, 2.7% were re-operated for bleeding, and 

0.8% had renal failure requiring dialysis. Among patients in the on pump group, 1.2% died in the first 30 

days, 1.1% had a cardiac arrest, 0.7% had a stroke, 2.1% were re-operated for bleeding, and 0.9% had 

renal failure requiring dialysis. Most major short-term complications were more common in the off-pump 

group, but none of the differences were statistically significant. None of the other peri-operative outcomes 

favored the off-pump group including length of time in the operating room, time spent in the intensive care 

unit, or length of stay in the hospital. 

 

The one-year primary outcome occurred in 9.9% of patients in the off-pump group and 7.4% of patients in 

the on-pump group (RR 1.33, 95% CI 1.01 to 1.8, p = 0.04). Among patients in the off pump group 4.1% 

died, 4.6% underwent repeat revascularization, and 2.0% had a non-fatal MI. Among patients in the on 

pump group 2.9% died, 3.4% underwent repeat revascularization, and 2.2% had a non-fatal MI. When the 

30-day and one-year outcomes were combined, the results even more strongly favored the on-pump group 

(14.6% versus 9.9%, RR 1.47, 95% CI 1.2-1.9, p = 0.001).  

 

One of the major reasons for the development and promotion of off-pump bypass surgery was the concern 

that cognitive function declined significantly after surgery. Thus, the results of the neuropsychological tests 

represent important secondary outcome. Both the off-pump and on-pump groups improved on all ten tests 

at one year compared with baseline. For five of the tests, the trend was for greater improvement in the off-

pump group, for the other five tests trend was for greater improvement in the on-pump group. For one test, 

the clock drawing test, the improvement in the off-pump group was significantly greater than that of the on-
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pump group (p=0.001). There was no significant difference in the summary score for the neuropsychological 

testing (0.19 versus 0.17, p = 0.21). 

 

The other secondary outcomes addressed the concern that the technical difficulties in performing 

anastomoses on a beating heart might lead to less complete revascularization and a higher rate of 

anastomotic failure. In the ROOBY trial, the proportion of patients who received fewer grafts than planned 

was higher in the off-pump group (17.8% versus 11.1%, p<0.01). The off-pump group had a lower 

proportion of grafts that were open at one year (82.6% versus 87.8%, p<0.01) and a higher proportion of 

occluded grafts (36.5% versus 28.7%, p<0.01). 

 

The ROOBY trial was high quality. It was a large, multi-center trial with many surgeons, thus addressing the 

results from other small trials which may be more representative of a single surgeon or center’s results than 

true differences between the two procedures. There was central randomization that occurred when the 

patient was in the pre-operative holding area, limiting concerns about selection bias. Outcome assessment 

was standardized and blinded for some outcomes, thus limiting concerns about information bias. The 

analysis was intention to treat with excellent follow-up (100% included in 30 day analyses, 96% included in 

one year analyses). 

 

The ROOBY trial has some important limitations. Since it was primarily performed in men, the results may 

not apply to women. There was some cross-over in the trial (137 (12%) off-pump converted to on-pump; 43 

(4%) on-pump converted to off-pump). However the primary results did not change when a per-protocol 

analysis was done. In addition, the majority of the sites were teaching hospitals and more patients in the on-

pump group had the cardiothoracic resident as the primary surgeon (64% versus 55%, p<0.001). If this 

imbalance influenced the results, it would likely bias the results in favor of the off-pump group. 

 

There are at least three on-going, large randomized trials (total n=7600) directly comparing off-pump to on-

pump CABG that have yet to publish results (ClinicalTrials.gov, accessed February 1, 2010). Two of the 

trials are focused on older patients and should be completed in 2011. The third is randomizing over 4000 

patients and following them for five years for their primary endpoint (Coronary Artery Bypass Surgery Off or 

On Pump Revascularization Study (CORONARY)). 

 

Summary 
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Early studies suggested that by avoiding cardiopulmonary bypass off-pump CABG could reduce 

thromboembolic and inflammatory complications leading to more rapid recovery from surgery with fewer 

cognitive complications. However, the recent randomized trials and meta-analyses have failed to 

demonstrate improvements in neurocognitive function and quality of life compared with standard on-pump 

CABG. Furthermore, revascularization is consistently less complete with off-pump CABG and there is a 

trend towards increased mortality and decreased graft viability during the first year after surgery. The most 

recent trial, with the largest number of centers and surgeons, found off-pump CABG to be inferior to on-

pump CABG at one year. Thus, the best evidence fails to demonstrate equivalence of off-pump CABG to 

the currently accepted alternative. 

 

TA Criterion 4 is not met. 

 

TA Criterion 5: The improvement must be attainable outside of the investigational setting. 

Off-pump or beating heart CABG is a technically challenging surgical procedure that requires special 

equipment and highly trained surgeons and staff. To date, equivalent outcomes compared with standard 

surgery have not been clearly demonstrated outside of the investigational setting.   Favorable results in 

single-center studies likely represents the special expertise of the surgeons and support staff at that 

institution. While off-pump CABG has been performed in many centers for several years, TA criterion 4 must 

be met for TA criterion 5 to be considered met. 

 

TA Criterion 5 is not met. 

 

CONCLUSION 

The goal of this technology assessment was to compare the efficacy and safety of off-pump CABG to that of 

conventional “on-pump” CABG using cardiopulmonary bypass when used to treat patients with coronary 

artery disease requiring non-emergent revascularization. As noted in the prior assessment, non-randomized 

trials suggested that off-pump CABG might have lower peri-operative morbidity and mortality, shorter ICU 

stays, shorter hospitalizations, lower resource utilization with the additional benefit of improved 

neurocognitive outcomes. Because of the technical difficulty of creating anastomoses between blood 

vessels on a beating heart, there remained concerns about long-term outcomes including graft patency, 
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which could result in increased rates of recurrent angina, MI’s, and the need for repeated revascularization 

procedures. Furthermore, the results of observational studies may suffer from significant selection bias. 

 

This assessment focused on the sixteen trials comparing off-pump to on-pump CABG that randomized at 

least 100 patients or followed patients for at least one year. Nineteen systematic reviews and meta-analyses 

comparing the two surgeries were also reviewed in detail. The trials were of moderate quality, but were 

consistent in their findings. There was no overall reduction in the length of time in the ICU after surgery, nor 

was their any reduction in the average length of the hospitalization. More importantly, cognitive outcomes 

and quality of life for patients was better for patients randomized to off-pump surgery. Furthermore, there 

was no reduction in MI’s, strokes, or overall mortality. However revascularization was less complete in off-

pump surgery and the patency rate in the bypass grafts over the first year of follow-up was consistently 

lower. There were also strong trends towards increased mortality and increased repeat revascularization in 

patients randomized to off-pump surgery. Finally, the ROOBY trial, the most recent and largest study, had 

more outcomes than the sum of all prior studies. Both the 30-day and one year summary outcomes favored 

traditional on-pump CABG. Both groups improved on a battery of ten neurocognitive tests without any 

significant trend in favor of the off-pump procedure. The off-pump group received fewer grafts than planned, 

had more occluded grafts, and needed more revascularization during the first year following surgery. Finally, 

for the most important outcome, the trend was for higher one-year total mortality in the off-pump group 

(4.1% versus 2.9%, p=0.15). 

 

In summary, the randomized trial data fail to confirm any advantages for off-pump CABG over the 

conventional on-pump procedure, while suggesting that long term graft patency is inferior. Two meta-

analyses focusing specifically on neurocognitive outcomes failed to find any benefits in favor of off-pump 

CABG. The results of the large ROOBY trial dominated the summary estimates in the meta-analysis 

performed as part of the current assessment, but there was no evidence for heterogeneity in the data for 

any of the major outcomes that were analyzed. The ROOBY trial randomized predominantly men at lower 

risk for surgical complications. Thus, there may be subgroups such as women, older patients, or higher risk 

patients who would show benefit from off-pump CABG, but randomized trial data in those subgroups have 

not been presented in detail. The current data do not support performing the technically more difficult off-

pump CABG procedure. There are at least three large, ongoing randomized trials that may identify 

subgroups of patients with better outcomes using the off-pump technique, but until those results are 

available, the off-pump technique should be considered investigational.  
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RECOMMENDATION 

It is recommended that off-pump coronary artery bypass grafting does not meet California Technology 

Assessment Forum TA Criterion 4 through 5 for improvement in health outcomes. 

 

February 17, 2010 

The last review of this technology by this body was February 2002. 

 

The California Technology Assessment Forum panel voted in favor of the recommendation. 
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RECOMMENDATIONS OF OTHERS 

 

Blue Cross Blue Shield Association (BCBSA) 

The BCBSA Technology Evaluation Center (TEC) conducted reviews of this technology in 1997 

and 1998.  TEC determined that criteria were not met.  A more current assessment has not been 

conducted. 

 

Centers for Medicare and Medicaid Services (CMS) 

Neither a National Coverage Determination (NCD) nor a Local Coverage Determination (LCD) was found for 

Coronary Artery Bypass Graft surgery through a search of the CMS web site. 

 

Society of Thoracic Surgeons (STS) 

The STS has been invited to provide an opinion and have a representative attend the meeting. 

 

American Association for Thoracic Surgery (AATS) 

The AATS declined the opportunity to provide an opinion regarding this technology and to have a 

representative attend the meeting. 

 

American College of Cardiology, California Chapter (CA ACC) 

The CA ACC declined the opportunity to provide an opinion regarding this technology and to have 

a representative attend the meeting. 

 

California Society of Thoracic Surgeons (CA STS) 

A CA STS representative attended the meeting to provide testimony. 
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ABBREVIATIONS USED IN THIS REVIEW 

 
CTAF California Technology Assessment Forum 

CABG Coronary artery bypass grafting 

ROOBY Randomized On/Off Bypass 

ICU Intensive care unit 

MI Myocardial infarction 

FDA Food and Drug Administration 

DARE Database of Abstracts of Reviews of Effects 

PCI Percutaneous coronary interventions 

DM Diabetes Mellitus 

EF  Ejection Fraction 

NR Not reported 

BHACAS Beating Heart Against Cardioplegic Arrest Study 

COPD Chronic obstructive pulmonary disease 

CVA Cerebrovascular accident 

OCTOPUS Octopus Study 

AIDS Acquired immune deficiency syndrome 

SMART Surgical Management of Arterial Revascularization Therapies 

PRAGUE Prague 

JOCRI Japanese Off-pump Coronary Revascularization Investigation 

VA Veterans Affairs 

CAS Coronary artery stenting 

ITT Intent to treat 

CORONARY Coronary Artery Bypass Surgery Off or On Pump Revascularization Study 
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