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There are at least three different methods of surgical coronary

revascularisation—on-pump with an arrested heart, on-

pump without arrest of the heart, and off-pump surgery.

The on-pump beating (ONBEAT) coronary bypass surgery

embodies an amalgamation of conventional on-pump coro-

nary surgery (CABG) and off-pump technique (OPCAB). The

principal benefits emerging from the ONBEAT technique are

the avoidance of cardioplegic arrest and the haemodynamic

stability ensured throughout the procedure, notably in unsta-

ble high-risk patients. In this Issue of Heart, Lung and Circu-

lation, the study by Zhu et al. reports the Australian clinical

experience with the on-pump beating heart coronary surgery

for emergency multiple myocardial revascularisation — the

ONBEAT methods led to both good short-term and good

long-term survival, although no better than conventional

CABG in this retrospective, propensity-matched database

study [1].

The better short-term outcomes in this subgroup of sick

patients undergoing on-pump beating coronary surgery

have been described previously in several studies. In

2006, Izumi et al. [2], in 2008, Miyahara and colleagues

[3], and, in 2009, Fattouch et al.[4], all compared the results

of emergent CABG surgery in patients with acute ST-eleva-

tion myocardial infarction (MI). The difference in the mean

peak Creative kinase-myocardial band (CK-MB) and tropo-

nin release was markedly higher in the traditional CABG
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patients; they also reported a lower incidence of low-cardiac

output postoperatively and a lower incidence of postopera-

tive bleeding requiring reoperation in the off-pump and on-

pump beating-heart groups compared with the conven-

tional CABG group. Two additional findings in these earlier

studies were that, more patients needed intra-aortic balloon

pump (IABP) support in the conventional CABG group

following revascularisation [3], and fewer patients devel-

oped postoperative renal insufficiency in the ONBEAT

group [2,3]. As such, these authors hypothesised that the

on-pump beating heart approach eliminates or reduces

intraoperative global myocardial ischaemia compared to

the arrested heart.

However, these studies [2,3] were small, retrospective, and

in both studies the ONBEAT group was compared with

conventional CABG patients from an earlier period.

In this editorial, we would like to shed some light on the

possible explanation for the findings in this current analysis.

The difference between these two techniques involves one

major component: ‘‘the use of cardioplegic arrest”. In spite of

current perioperative myocardial protection techniques, over

50% of patients submitted to coronary artery bypass (CAB)

may release cardiac enzymes [5], and mortality is related to

the intensity of enzyme release [6].

Although, over the past decade there has been a sizeable

improvement in cardiac surgery mortality, postoperative
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myocardial dysfunction remains the most common serious

complication of CABG, which is correlated with increased

morbidity, short- and long-term mortality, and health-dollar

consumption [7,8].

Cardioplegic arrest often leads to decreased ventricular

function, and this manifests as a reduction in systemic oxy-

gen delivery and peripheral organ ischaemia and hypoxia,

which commonly results from ischaemic/reperfusion injury.

The duration of cardiac dysfunctions may vary from tempo-

rary (up to 24 hours), in the case of myocardical stunning, to

permanent, in cases of overwhelming ischaemia and myo-

cardial infarction [9].

A recent meta-analysis  by Zeng et al. examined 2,866 patients

from 12 randomised controlled studies comparing cardioplegia

techniques — cold blood versus cold crystalloid [10. The meta-

analysis reported no differences in the overall incidences of

spontaneous sinus rhythm, 30-day mortality, atrial fibrillation,

or stroke. There is no consensus on the optimal dose of such

solutions or on the addition of substrates [10–12].

The ONBEAT technique is reported to be an acceptable trade-

off between conventional CABG and off-pump CABG [2].

The ONBEAT technique is theoretically elegant in its con-

ception: it eliminates cardioplegic arrest. Patients undergo-

ing OPCAB have less postoperative troponin release as a

result of ischaemic preconditioning [4]. This protective tech-

nique may be very helpful in diminishing myocardial dys-

function in the setting of acute myocardial infarction.

Ischaemic preconditioning is an endogenous protective

reaction against myocardial damage [13–15]. This was

reported over 30 years ago by Murry et al., who have

observed an up to 75% decrease in infarction size after 40-

minute occlusion of the left circumflex artery in an animal

model, when previous minor 5-minute occlusions of the

same artery were performed [16]. This was also observed

in isolated cardiomyocytes, from different animal species

[17]. This protection could also decrease the incidence of

reversible myocardial dysfunction. Ghosh and Galinanes

reported the positive impact of ischaemic preconditioning

during procedures with and without cardiopulmonary

bypass (CPB) [18].

Theoretically, OPCAB supported by inotropic drugs and

an aortic balloon pump can be a suitable solution for high-

risk emergency CABG, despite the fact that, in cases of

cardiogenic shock, the extensive mobilisation and manipula-

tion of the heart can lead to severe haemodynamic instability

[4]. The ONBEAT technique, when not strictly contraindi-

cated (i.e. a calcified aorta), can lead to acceptable short and

mid-term results and remains an attractive alternative to

CABG and OPCAB in emergency cases [2].

In theory, ONBEAT can eliminate the problem of incom-

plete revascularization and haemodynamic instability, which

are associated with OPCAB, and are reported by some

authors to be an acceptable trade-off between conventional

CABG and OPCAB [3].

It is well known that insufficient intraoperative myocardial

protection compromises the postoperative outcome, leading

to the longstanding axiom that ‘‘the convenience of a
bloodless and motionless operating field comes at the price

of myocardial damage, characterized as ischemia-reperfu-

sion injury”.

Recently, beating-heart and non-cardioplegic CABG with-

out cross-clamping have been used as alternative surgical

techniques in high-risk patients. Patients with left ventricular

dysfunction who have extensive areas of hibernating myo-

cardium might be expected to derive the greatest benefits

from CABG in terms of left ventricular function improve-

ment [1].

Various studies have shown that an OPCAB technique is

safe and has satisfactory short-term clinical outcomes com-

pared with conventional CABG [4]. Despite the efficiency

and safety of off-pump techniques over CABG, some critics

may argue that patients treated with an off-pump technique

are undergoing incomplete revascularisation. By using

ONBEATING, complete revascularisation is achievable [2],

and this may explain the excellent late survival in this sub-

group in the current analysis.

Despite improvements in operative techniques and meth-

ods of myocardial protection, postoperative left ventricular

dysfunction continues to be common in patients undergoing

cardiopulmonary bypass surgery. Owing to the increased

cardiac and haemodynamic instability, incomplete revascu-

larisation and repeated surgical interventions associated

with the off-pump technique, the alternative technique that

does not involve aortic cross-clamping with CPB has stood

the test of time. Analysis of the real life ANZSCTS registry

data has shown that the on-pump beating-heart technique

reduces both mortality and morbidity in patients with acute

myocardial infarction.
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