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Background. Comparisons of off-pump (OPCAB) versus
onventional on-pump coronary artery bypass (CCAB) con-
istently report fewer grafts per patient with OPCAB.
erforming fewer grafts than indicated based on angio-
raphic assessment could result in incomplete revascu-
arization. We questioned whether OPCAB influenced
urgeons to perform fewer grafts than needed.

Methods. Preoperative angiographic and surgical data
ere collected prospectively on 945 patients undergoing

oronary artery bypass grafting (370 OPCAB, 575 CCAB)
t 8 hospitals between February 1, 2004, and July 31, 2004.
he number of grafts needed per patient was determined

rom the reported number of vessels with angiographic
tenoses of 50% or greater, and compared with the
umber received per patient, stratified by coronary artery
ypass grafting technique.
Results. The OPCAB and CCAB groups were demo-

raphically similar. The mean number of grafts needed

er patient was significantly less in the OPCAB group
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2.95 versus 3.48), accounting for fewer grafts received in
hat group (2.75 versus 3.36). The ratio of grafts (received/
eeded) was the same in both groups. Patients receiving
ore than three grafts were more likely to have CCAB

71.2%), whereas those receiving fewer than three grafts
ere almost as likely to have OPCAB as CCAB (55.5%).
he rate of 1-year major adverse events (death, myocar-
ial infarction, repeat revascularization) was the same in
PCAB and CCAB (15.5% versus 14.1%; p � 0.57).
Conclusions. Completeness of revascularization, deter-
ined by comparing the number of grafts performed to

he number needed, was equivalent in OPCAB and
CAB patients, and 18-month clinical outcomes were
quivalent. Preferential selection of patients needing
ore bypass grafts to CCAB results in the lower mean

umber of grafts per patient with OPCAB.

(Ann Thorac Surg 2009;87:1113–8)

© 2009 by The Society of Thoracic Surgeons
n an effort to decrease morbidity and mortality associ-
ated with coronary artery bypass grafting (CABG),

here has been a resurgence in the past decade in the use
f off-pump coronary artery bypass (OPCAB) as an
lternative to conventional coronary artery bypass
CCAB) [1]. Although there are numerous clinical studies
ttesting to the benefits of OPCAB, a number of ques-
ions persist regarding the safety, efficacy, and equiva-
ency of revascularization with OPCAB compared with
CAB [2]. Consequently, adoption of OPCAB has

eached a plateau during the past few years, with only
0% of all CABG procedures in the United States in 2004
erformed off-pump [3].
Large multicenter studies comparing OPCAB and

CAB consistently show a higher mean number of by-
ass grafts performed in CCAB patients compared with
PCAB patients [3–14]. It remains unclear, however,
hether the decreased number of grafts seen in OPCAB

ersus CCAB is owing to patient selection, as suggested

ccepted for publication Dec 29, 2008.

resented at the Fifty-fourth Annual Meeting of the Southern Thoracic
urgical Association, Bonita Springs, FL, Nov 7–10, 2007.
n a recent study of The Society of Thoracic Surgeons
ational Database [15]. Alternatively, it has been pro-
osed that fewer bypass grafts are performed in OPCAB
atients because of the technical challenges of the pro-
edure, resulting in incomplete revascularization [7, 14,
6]. Puskas and colleagues [17], in a randomized single-
urgeon comparison of OPCAB and CCAB, proposed an
ndex of complete revascularization defined as a ratio of
he number of bypass grafts performed to the number of
iseased vessels as a measure of completeness of revas-
ularization. Using a similar methodology, we sought to
etermine the comparative completeness of revascular-

zation in OPCAB and CCAB in patients prospectively
nrolled in a revascularization registry [13].

atients and Methods

he CARE (Coronary Artery Revascularization) registry
ncluded all patients undergoing isolated coronary revas-
ularization in a 6-month period between February 1 and
uly 31, 2004, in eight hospitals in the HCA Hospital
ystem (HCA, Inc, Nashville, TN); patients were pro-
pectively enrolled. The institutions were all nonaca-

emic centers located in the southern and southeastern
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nited States (Appendix). All institutions participated in
oth The Society of Thoracic Surgeons National Adult
ardiac Database and the American College of Cardiol-
gy databases, and additional information was collected

n a customized, centralized database. Preoperative, in-
raoperative, and postoperative procedural data were
aptured, and follow-up was obtained by direct patient or
hysician contact by the study sites. The study was
pproved locally with exempt status by each individual
enter’s institutional review board, and the data were
ent to the coordinating study center. All information
ransfer met with Health Insurance Portability and Ac-
ountability Act compliance guidelines.

Exclusion criteria included patients undergoing any
oncomitant procedure (except transmyocardial laser re-
ascularization) or undergoing CABG on a salvage basis.
ollow-up was performed at 6, 12, and 18 months and
as obtained by direct patient contact, and when that
as not possible, by physician contact. Additional mor-

ality outcomes were obtained from the Social Security
eath Index. The major clinical end point was major

dverse cardiac events (MACE), which included cardiac
eath, myocardial infarction, and need for repeat revas-
ularization by either CABG or percutaneous coronary
ntervention.

This subanalysis examines all the CABG procedures in
he study performed either on-pump or off-pump to
ompare the ratio between the number of grafts actually
erformed during the procedure and the number of
oronary arteries with significant disease (50% or more
ecrease in the luminal diameter on angiography).

ata Analysis
ll data were input into a customized database. Lesions
ere recorded for left main, left anterior descending,
iagonals (three branches), obtuse marginals (three

able 1. Preoperative Demographics

ariable
Off-Pump
(n � 370)

On-Pump
(n � 575) p Value

ale 265 (71.6%) 395 (68.7%) 0.34
iabetics 118 (31.8%) 199 (34.6%) 0.39
enal failure on dialysis 8 (2.2%) 6 (1.1%) 0.16
perative status
Elective 145 (39.8%) 212 (37.1%) 0.18
Emergency 9 (2.5%) 27 (4.7%)
Urgent 210 (57.7%) 333 (58.2%)
Current smoker 99 (28.2%) 152 (28.3%) 0.99
Previous CABG 11 (3.0%) 34 (5.9%) 0.04
MI within 7 days 62 (16.8%) 130 (22.6%) 0.03
Age (y) 63.4 � 11.1 63.5 � 10.1 0.85
EF 0.51 � 0.12 0.48 � 0.12 �0.001
STS predicted risk of

mortality (PROM)
(%)

2.14 � 3.54 2.44 � 3.11 0.19

ABG � coronary artery bypass grafting; EF � ejection frac-

ion; MI � myocardial infarction; STS � The Society of Thoracic
urgeons. C
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ranches and ramus), right coronary artery, posterior
escending, and posterior lateral. All graft conduits in-
olving mammary (either or both), radial, or gastroepip-
oic arteries or saphenous vein were also recorded. The
otal number of lesions and grafts was calculated for each
atient, and the ratio (index of complete revasculariza-

ion, ICRV) determined. If the number of bypass grafts
erformed equaled the total number of vessels with
ignificant disease, the ratio was 1. Patients having fewer
rafts performed than the number of vessels with angio-
raphically significant disease had a ratio less than 1.
Data presented for number of arterial, vein, and total

rafts per patients were calculated based on the total
umber of grafts and total number of patients. Con-
ersely the index of revascularization was calculated on a
er patient basis and then means and 95% confidence

imits obtained. This prevented patients having or need-
ng a large number of grafts from biasing the data. Each
atient then had equal weighting in the mean. This
pproach calculated how many patients had complete
evascularization, regardless of how many grafts were
eeded.

tatistical Analysis
or statistical analysis, data were exported from the
atabase to SAS 9.1.3 (SAS Institute, Cary, NC) [18].
ontinuous variables were compared using Student’s t

ests. Categorical variables were analyzed using the �2 or
he Fisher’s exact test when the number of expected
esponses in a cell was small.

able 2. Distribution of Arterial and Saphenous Vein Grafts

raft Target

Arterial Grafts Vein Grafts

Off-Pump On-Pump Off-Pump On-Pump

AD 88.7% 88.4% 2.5% 3.9%
iagonal 8.9% 8.6% 18.6% 20.0%
ircumflex 1.2% 1.9% 37.2% 6.2%
btuse marginal 1.2% 1.1% 32.4% 33.4%
CA 19.2% 18.1%
DA 20.2% 18.4%

AD � left anterior descending coronary artery; PDA � posterior
escending artery; RCA � right coronary artery.

able 3. Index of Revascularization

Off-pump On-pump
p

ValueIndex 95% CI Index 95% CI

ll surgeons–all
patients

1.03 (0.97 to 1.08) 1.07 (1.03 to 1.10) 0.19
urgeons 1%–25%

off-pump
0.78 (0.66 to 0.90) 1.09 (1.05 to 1.14) �0.001
I � confidence interval.
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esults

total of 1,245 patients in the CARE registry underwent
ABG between February 1 and July 31, 2004, of which 945

76%) had sufficient angiographic and intraoperative data
or analysis. Of these 945 patients, 575 patients (61%)
ere on-pump and 370 patients (39%) were off-pump.
The OPCAB and CCAB patient groups were similar
ith the exception that the on-pump patient group had a
igher proportion of patients with prior CABG, recent
yocardial infarction (within 7 days), and a lower mean

jection fraction (Table 1).
According to The Society of Thoracic Surgeons National
atabase definition of single-, double-, and triple-vessel
isease, there were 92 patients with single-vessel disease of
 byats.ctsnetjournals.orgDownloaded from 
hich 60 (65.2%) were operated on off-pump and 32
34.8%), on-pump. Of the 287 patients with double-vessel
isease, 127 (44.3%) underwent off-pump revascularization
nd 160 (55.8%), on-pump revascularization. Finally, 566
atients had triple-vessel disease, of which 383 (68%) were
evascularized on-pump and 183 (32.3%), off-pump.

The distribution of target vessels bypassed with either
rterial or venous grafts was similar in both OPCAB and
CAB groups (Table 2).
The CARE registry included 37 surgeons with widely

aried degrees of OPCAB adoption and use (Fig 1). Seven
urgeons performed all their reported procedures on-
ump, 3 surgeons performed all their reported proce-
ures off-pump, and the remaining 27 surgeons selected

Fig 1. Fraction of each surgeon’s
cases performed on-pump (black
bars) and off-pump (white bars).

Fig 2. Fraction of cases performed
off-pump (light gray bars) or on-
pump (dark gray bars) by number
of lesions needing grafting.
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variable percentage of patients for off-pump or on-
ump CABG.
The mean number of vessels with angiographically

ignificant lesions and therefore the number of bypass
rafts needed was less in the OPCAB group (2.95 � 1.22)
han in the CCAB group (3.48 � 1.24). The proportion of
atients selected for either OPCAB or CCAB based on

he number of vessels with significant disease needing
ypass is shown graphically in Figure 2. Patients needing
ore than three bypass grafts were more likely to be

elected for CCAB. The mean number of grafts per-
ormed was 2.75 � 1.12 off-pump (1.17 � 0.62 arterial and
.58 � 1.15 vein grafts) in the OPCAB group and 3.36 �
.01 (1.12 � 0.65 arterial and 2.24 � 1.09 vein grafts) in the
CAB group.
For each patient, the number of bypass grafts per-

ormed was divided by the number of coronary arteries
ith angiographically significant disease (number of
rafts needed) to calculate an ICRV (Table 3). The ICRV
as similar in both groups with a ratio of 1.03 (95%

onfidence interval, 0.97 to 1.08) for the off-pump group
nd 1.07 (95% confidence interval, 1.03 to 1.10) for the
n-pump group (Table 3). However, surgeons who selec-
ively used OPCAB in less than 25% of their patients had
significantly lower ICRV in their OPCAB patients (0.78)

ompared with the CCAB group (1.09).
Using the Social Security Death Index, medical

ecords, and patient contact by telephone, outcomes data
ere collected at 18 months after surgery with respect to

ardiac death, myocardial infarction, and revasculariza-
ion. Overall clinical outcomes at 18 months after surgery,
s determined by the end points of mortality, myocardial
nfarction, and repeat revascularization as well as the

ACE composite end point incorporating all three vari-
bles, were similar (Table 4).
To determine whether complete or incomplete revas-

ularization had an effect on outcomes, the MACE out-
ome data were stratified by index value.

In comparing patients with and without complete
evascularization (ICRV � 1 versus ICRV � 1), there was

trend toward increased MACE in patients without

able 4. Major Adverse Cardiac Events in Off-Pump and
n-Pump Patients at 18 Months

ariable
Off-Pump
(n � 342)

On-Pump
(n � 539) p Value

ortality 32 (9.4%) 36 (6.7%) 0.15
Perioperative 6 (1.8%) 10 (1.9%) 0.91
Late mortality 26 (7.6%) 26 (4.8%) 0.09
yocardial infarction 3 (0.9%) 11 (2.0%) 0.38

evascularization 19 (5.5%) 31 (5.7%) 0.90
by CABG 1 (0.3%) 3 (0.6%) 0.57
by PCI 18 (5.3%) 28 (5.2%) 0.97
ACE 54 (15.5%) 78 (14.1%) 0.57

ABG � coronary artery bypass grafting; MACE � major adverse
ardiac events; PCI � percutaneous coronary intervention.
omplete revascularization (ICRV � 1; Table 5).
C
c

 byats.ctsnetjournals.orgDownloaded from 
When stratified by procedure, only OPCAB and not
CAB patients with an ICRV less than 1 had a statisti-

ally significant increase in MACE compared with pa-
ients with an ICRV greater than or equal to 1 (Fig 3).

omment

umerous clinical studies comparing off-pump and con-
entional on-pump CABG have shown benefit to the OP-
AB technique, but these studies also reveal limitations of
PCAB that likely have hindered widespread adoption [3,

2, 19–21]. No large, prospective, randomized multicenter
rial exists comparing the two techniques, nor will there
ikely be such a trial completed in the future. We are
herefore left with retrospective analyses, such as the CARE
egistry, to attempt to discern the relevant relative benefits
nd limitations of OPCAB in clinical practice. Off-pump
ABG is technically more challenging with an associated

ignificant learning curve. These technical challenges
ay influence both the selection of patients for OPCAB

s well as the conduct of the operation, potentially
ntroducing unintended compromise of the procedure
nd associated worse outcomes [7, 14].
In the CARE registry, as in other large CABG studies, the

verage number of bypass grafts performed in OPCAB
atients was less compared with CCAB [11–14]. The
verage number of major coronary arteries with angio-
raphically significant stenoses (�50%) was also less in
PCAB patients, resulting in an equivalent index of

evascularization in the OPCAB and CCAB groups [1, 17,
2]. We and others have shown previously that the need
or increasing numbers of bypass grafts is a factor in
electing patients for CCAB versus OPCAB. This study
uggests a similar influence on selection, as those pa-
ients needing three or more bypass grafts were more
ften selected for CCAB.
The OPCAB and CCAB groups shared similar demo-

raphics and risk factors that might influence outcomes,
nd the 18-month outcomes as measured by cardiac
ortality, myocardial infarction, need for repeat revas-

ularization, and the combined end point (MACE) were

able 5. Major Adverse Cardiac Events at 18 Months in
atients With Index of 1 or Greater and Index Less Than 1

ariable
Index � 1
(n � 597)

Index � 1
(n � 284) p Value

ortality 40 (6.7%) 28 (9.9%) 0.10
Perioperative 9 (1.5%) 7 (2.5%) 0.32
Late mortality 31 (5.2%) 21 (7.4%) 0.20
yocardial infarction 10 (1.7%) 6 (2.1%) 0.65
Perioperative 4 (0.7%) 0 0.31
Late 6 (1.0%) 6 (2.1%) 0.22

evascularization 28 (4.7%) 15 (5.3%) 0.70
by CABG 3 (0.5%) 1 (0.4%) 1.00
by PCI 25 (4.2%) 14 (4.9%) 0.65
ACE 68 (11.4%) 45 (15.9%) 0.06
ABG � coronary artery bypass grafting; MACE � major adverse
ardiac events; PCI � percutaneous coronary intervention.
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imilar in both groups. Incomplete revascularization has
een shown to result in poorer outcomes; therefore the
quivalent outcomes observed in the OPCAB and CCAB
roups associated with equivalent indices of revascular-

zation is predictable. When we compare outcomes in all
atients with incomplete revascularization (ICRV � 1) to

hose with complete revascularization (ICRV � 1), the
esult is again predictable, with those patients incom-
letely revascularized demonstrating poorer outcomes at
8 months. When this was stratified by procedure, the
egative effect of incomplete revascularization on 18-
onth outcomes was limited to the OPCAB group. The

eason that incomplete revascularization had a greater
mpact on 18-month outcomes in the OPCAB patients is
nclear, and is beyond the scope of this subgroup analysis.
In an effort to determine the influence of OPCAB

xperience on incomplete revascularization, we looked at
he relationship between individual surgeons’ practice

ix of OPCAB and CCAB and the incidence of incom-
lete revascularization with each technique. Surgeons
ho use OPCAB in greater than 25% of their CABG
atients were equally likely to achieve complete revas-
ularization regardless of whether OPCAB or CCAB was
elected. Conversely surgeons who use OPCAB in fewer
han 25% of their CABG patients were less likely to
chieve complete revascularization in their OPCAB pa-
ients compared with their CCAB patients. Furthermore,
s previously mentioned, these OPCAB patients who are
ot completely revascularized are more likely to have
oorer outcomes at 18 months.
The CARE registry reflects current practice in nonaca-

emic medical centers, representing surgeons with var-
ed degrees of OPCAB use. This study has the limitations
f being a nonrandomized retrospective substudy anal-
sis designed to address the association of incomplete
evascularization with the decreased number of bypass
rafts observed in selected OPCAB patients. We con-
lude that it is selection of patients requiring fewer grafts

or OPCAB, and not performance of fewer than needed

 byats.ctsnetjournals.orgDownloaded from 
rafts resulting in incomplete revascularization, that ac-
ounts for the commonly observed lower number of
ypass grafts performed in off-pump compared with
n-pump CABG. Caution should be exercised by surgeons
ho seldom use OPCAB, as there may be a tendency to

chieve less than complete revascularization with OPCAB,
esulting in a significant effect on patient outcomes.
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ISCUSSION
R HENDRICK B. BARNER (St. Louis, MO): The authors are to
e congratulated for a nicely presented timely report which puts

o rest the charge that off-pump is associated with incomplete
evascularization. Their intuitively likely conclusion required
he authoritative confirmation, which we have just heard. The
005 report in Circulation from the American Heart Association
ouncil on Cardiovascular Surgery and Anesthesia stated that

ewer grafts were placed, or seemed to be placed, with off-pump
nd implied that there was incomplete revascularization with
ff-pump. This was a true statement but did not address the true

ssue, which we have just heard presented. Thus, fewer diseased
essels is the reason for fewer grafts being placed. Michael
ack’s group has again presented an important observation.

R JOHN S. IKONOMIDIS (Charleston, SC): Mitchell, I would
ake the argument that this paper does not show that the

requency of incomplete revascularization is the same in both
roups, because you showed that those patients that underwent
PCAB (off-pump coronary artery bypass) had fewer diseased

essels at the start and were preferentially selected for OPCAB
f the number of potential targets were smaller. If you had
onducted this study in a purely randomized fashion, what
ould have happened if some of those patients that had more

argets had undergone OPCAB, and do you think that that
ould have affected completeness of revascularization?

R MAGEE: Well, I think what was also observed in this study
as the fact that less-experienced off-pump surgeons are more
hink that the effect of experience is significant. I think in a
andomized trial, which has been done, a single-surgeon expe-
ience, Puskas out of Emory randomized his patients, and he in
act showed that the same number of grafts was done in both
roups. That is the only significant study that has been pub-

ished in the literature that showed the same number of grafts in
oth groups. So I think in a broad experience, if every surgeon,
ven those included with a limited experience with off-pump
urgery, were to be randomized, then I think there would be in
act an increased number of incompletely revascularized pa-
ients in the off-pump group.

R IKONOMIDIS: I think your point is well taken. You cannot
ook at the results published by experienced OPCAB surgeons
s reflective of what is going on in the real world. The combi-
ation of the nonrandomization in this trial in addition to your
nding that inexperienced surgeons are more likely to incom-
letely revascularize their patients really makes the argument

hat there are a lot of off-pump coronary bypasses being per-
ormed in which patients are incompletely revascularized.

R MAGEE: Well, I think that is certainly possible. We did
how that the distribution of grafts was the same in both
roups and that the outcomes were the same. But I do think it is
good point that experience is important, and those surgeons
ho have less experience with off-pump surgery should con-

ider the risks of putting those patients on-pump versus the

isks of incompletely revascularizing them.

 Michael Malyshev on June 17, 2009 
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