
Over the last decade, technical improvements have
made off-pump coronary artery bypass (OPCAB)
surgery a routine procedure. Exposure and position-

ing of the three main coronary targets with minimal haemo-
dynamic deterioration has been achieved with a combination
of pericardial retraction sutures, the Trendelenburg manoeu-
vre, and rotation of the operating table.1-3 Intracoronary
shunts have been introduced to prevent snaring-related injury
of the coronary vessels and to allow myocardial perfusion dur-
ing the construction of the anastomoses.1,4,5 Finally, excessive
motion of the coronary target, a main concern as potential
cause of suboptimal anastomoses, has been overcome with
the introduction of either pressure or suction retractor-
stabilisers.6,7

In the absence of recognised guidelines, the initial
approach to OPCAB surgery was often left to the surgeon’s
‘common sense’. With the development of enabling instru-
ments, there has been a progressive widening of OPCAB
surgery application. This still varies from 0% to 100%, how-
ever, probably as a direct reflection of the phase of the learn-
ing curve reached. Nevertheless, some developed countries
have shown a surprisingly slow impetus towards OPCAB
surgery. Hardly any OPCAB procedures were carried out in the
USA before 1995. But, by 1999, more than 11,000 (10%)
coronary procedures were performed on the beating heart.8 It

is estimated that this percentage is currently 20%, with
expectations that this will rise to 50% by 2005.9,10 If these
numbers are correct, OPCAB would be the most impressive
clinical change in the 40-year history of coronary surgery.
Furthermore this ‘revolution’ is taking place in the absence of
recognised common guidelines. In this context a comment
from a more conservative surgeon, while scanning these
numbers, could potentially be: "I hope they are right!"

For almost a decade, OPCAB surgery has been audited
against conventional technique by a very large number of
observational and case-matched studies. The limitation in
study design of the vast majority of them has generated an
intellectual war of opinions, rather than facts, in the scientif-
ic community. Several prospective randomised studies have
now been completed by independent groups worldwide.7,11-22

It is hoped that the results of these will be a serious ‘founda-
tion stone’ for the surgical community in the evaluation of the
‘supra partes’ evidence on OPCAB surgery.

Randomised studies
The largest two randomised studies report primarily on in-
hospital and mid-term mortality and morbidity. The Beating
Heart Against Cardioplegic Arrest Studies (BHACAS 1 and 2)
report on a total population of 401 (200 off-pump) elective
patients in a single centre.7 The number of grafts per patient

Beating heart coronary surgery and the 
‘foundation stone’ evidence

EDITORIAL

Gianni D AngeliniRaimondo Ascione

VOLUME 10 ISSUE 2  . MARCH/APRIL 2003 87

COPY
RIG

HT M
ED

IN
EW

S

(C
ARD

IO
LO

GY) L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D



(there was no coronary anatomy limitation in BHACAS 2) and
in-hospital mortality did not differ between the groups. In-
hospital benefit associated with OPCAB surgery included a
significant reduction of chest infection, inotropic require-
ment, incidence of arrhythmias, total chest tube drainage and
consequent transfusion requirement, intubation time, inten-
sive care, hospital stay, and costs. A multicentre randomised
trial in a cohort of 281 patients (142 off-pump) showed no
difference in terms of in-hospital mortality and morbidity, but
OPCAB surgery was associated with a shorter ventilation time
and hospital stay, and a reduction of 41% release of CK-MB
when compared to conventional technique.11 Other ran-
domised studies have focused on the assessment of subsys-
tem organ function: some of these studies on the inflamma-
tory response have all shown a minimal activation associated
with OPCAB surgery as compared to conventional tech-
nique.12-14 One has shown reduced coagulation impairment;15

one has shown a protective effect of OPCAB surgery on renal
function in elective patients,16 as compared to conventional
surgery; others have shown marked reduction of myocardial
injury assessed by markers like troponin I,17 or CK-MB serial
release.11 

Cognitive dysfunction occurs in up to 60% of patients in
the first week, and may persist with an incidence of 25–30%
at eight weeks post-conventional surgery with only slightly
lower levels at one year.18 Three independent prospective ran-
domised studies and a case-matched study have focused on
neurological influence of OPCAB surgery,19-22 although with
different methodology. Diegeler19 investigated the release of
serum S100 protein, cognitive dysfunction, and neurological
microembolisation, our group20 focused on S100 release and
cognitive dysfunction, while van-Dijk and Taggart21,22 focused
on cognitive dysfunction alone. The results of these studies all
agree in regard to the release of S100, which was markedly
reduced during OPCAB surgery.19,20 This is in keeping with the
marked higher neurological microembolisation observed by
Diegeler19 in the same group. But the results of these studies
conflict when we consider early cognitive dysfunction – dur-
ing OPCAB surgery cognitive dysfunction was either lower19,21

or similar20,22 when compared to conventional surgery,
although when a beneficial effect was identified, this became
negligible at 12 months.21

Evidence on early and mid-term efficacy of OPCAB surgery
are limited to two trials. The BHACAS 1 and 2 trials (29.3+7.4
and 15.7+5.5 months of follow-up respectively) showed no
differences in terms of late mortality, cardiac-related events,
and need for further coronary revascularisation procedure
between groups.7 These results are similar to those reported
by van-Dijk at one, three, and 12 months of follow-up.11,21 

One known limitation of prospective randomised studies
is the low randomisation rate due to restricted exclusion cri-

teria. Thus, in principle, the results may not be extended to
the entire surgical population. This problem was partially
addressed in the BHACAS 2 trial with a randomisation rate of
62.8%.7 Nevertheless, in a more representative surgical pop-
ulation, the occurrence of post-operative complications is
likely to be higher, and the postulated benefit of OPCAB
surgery could be more visible. Such a hypothesis should be
tested in further randomised studies, but this might lead to
obvious ethical issues.

OPCAB surgery has evolved rapidly in the last few years
and the use of modern exposure and stabilisation techniques
have made it a routine and established procedure. Rightly or
wrongly thousands of OPCAB procedures are now performed
worldwide. The ‘supra partes’ evidence arising from the foun-
dation stone urges the surgical community to dictate the
future of this surgical technique, by agreeing appropriate
guidelines on clinical, ethical, training, and economic issues.
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