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Coronary artery bypass graft (CABG) is one of the most
common surgical procedure to be performed in patients
with coronary artery blockages in the world. It was
initially performed while the heart was still beating,
which is recognized as the off-pump technique
(OPCAB). However, after the invention of the
cardiopulmonary bypass (CPB) machine, CABG surgery
began to be performed while the heart is arrested. The
CPB machine, temporarily acting as a heart pump,
allowed the establishment of an extracorporeal
circulation. This, subsequently, became known as the onpump technique. It has now become the gold standard of
CABG surgery; with significant improvement in overall
patient outcome.
However, the usage of CPB machine is not
without complications. The deleterious effect of contact
of blood with the artificial extracorporeal circuit could
result in systemic inflammatory response and
coagulopathy and end-organ failure. Suboptimal
endocardial and myocardial protection and stroke could
also occur due to aortic manipulation during aortic cross
clamping and proximal aortic anastomosis. The massive
systemic inflammatory response due to prolonged
extracorporeal circulation also renders this technique
unsuitable for the high-risk patients, especially those
with acute myocardial infarction, poor left ventricular
function, renal impairment and patients with a high
Euroscore [1].
To overcome this, the off-pump technique was
re-popularized in the mid 1990’s with much
improvement on the technology and better hemodynamic
control. For the past 30 years, a lot of debate and studies

had been conducted to compare the short- and long-term
outcomes between the off-pump and on-pump
techniques. Various clinical trials showed conflicting
evidence on the efficacy and benefit of off-pump CABG
when compared to on-pump CABG. Since the pinnacle
of the OPCAB technique in mid-2002, to date, the
adoption of OPCAB surgery in USA and Europe is about
15-25%, compared to that in some developing countries
in Asia, especially in China, Japan and India, where it
ranges from 70 to 100% (partly contributed by the
availability of the novel devices, innovative strategies of
conducting OPCAB especially on coronary exposure
without compromising the hemodynamics [1,5].
The advantage of OPCAB is significant in
patients at high risk of complications if put on CPB.
Various studies have demonstrated that those patients
who are at high-risk benefit substantially from this
procedure, particularly those with impaired left
ventricular function, advanced age, left main stem
disease, chronic renal failure, sleep apnea syndrome,
acute myocardial infarction (AMI), atheromatous
disease of the aorta and end-organ failure. OPCAB is
shown to be beneficial in terms of blood transfusion
requirement, reduced acute kidney injury, reduced atrial
fibrillation, reduced re-operation for bleeding and
respiratory complications [2,8]. The OPCAB technique
has been reported to be effective and comparable to onpump procedures performed in patients with Left Main
Stem (LMS) disease [9]. However, it has been shown to
have similar overall mortality and stroke rate compared
to on-pump procedures. In the German off-pump CABG
in Elderly (GOPCABE) trial, which included patients of
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more than 75 years of age, there were no differences in
the end points of death, stroke, AMI or new kidney injury
[3].
One of the major concerns about the off-pump
technique is on the completeness of the revascularization
of the blocked coronary artery especially on the
circumflex territories, which are at the posterior aspect
of the heart. Even though a few randomized controlled
trials (RCTs) showed no difference on the short- and
mid-term results between the on- and off-pump
techniques, there are some data, albeit limited, that
showed some inferiority in the latter technique in regard
to the long-term outcomes. Some authors have attributed
this to the partial completeness of the revascularization
process. This has led to more repeat revascularizations in
patients who have been subjected to OPCAB surgery [47]. Another critique on the technique of OPCAB is about
the quality of the anastomosis, as it is done while the
heart is still beating and only selected part of the
myocardium is not moving. This has been refuted with
the introduction of transit time flow meter (TTFM)
measurement of the quality of graft anastomosis.
Over the years, there have been three schools of
thought among cardiothoracic surgeons with regard to
the practice of CABG. The first group consists of the
‘pure’ off-pump surgeons, the second is the ‘pure’ onpump surgeons and the third is the ‘selectivists’ group.
The ‘selectivists’ is a group of surgeons who selectively
opt for either the on-pump or off-pump technique
depending on the patient profile [6]. Historically, the
shift towards OPCAB especially among the surgeons in
Asia, India and developing countries is partly due to
financial reasons, as the cost of the OPCAB is much less
compared to on-pump. This is, of course, in addition to
avoiding the deleterious complications of CPB as
mentioned above [6]. Of note, these are normally young
and enthusiastic surgeons who are in pursuit of
innovation and revolutionary techniques. In contrast, the
absolute on-pump surgeons remain skeptical on the new
technique and argue that the comfort of performing the
operation on a still heart translates into more complete
revascularization and superior long-term outcome
through better graft patency.
The ultimate aim of the surgery is to provide the
best short- and long -term outcomes to the patients.
Therefore, one of the most important selection criteria

for deciding the best surgical technique is on the
possibility of giving the most viable complete
revascularization appropriate to the patient condition.
In my personal view, I have progressed from
almost 100% OPCAB in my early years of practice, to be
among the ‘selectivists’ group. This is mainly attributed
to increasing data on long-term outcomes from various
reviews and RCTs. Another factor that influenced my
option within the last decade, is the change in the patient
referrals, mainly from cardiologists. Aggressive
interventional practices of the cardiologists have led to
more high-risk patients with severely diffuse coronary
disease and higher syntax score. Bypass surgeries on
them are absolutely more challenging when performing
CABG with the OPCAB technique. In my current
routine practice, for all OPCAB surgeries, the grafts are
assessed intra-operatively using graft flow measurement
with TTFM (VeriQ System, Medistim, Oslo, Norway).
The usefulness of graft flow measurement is mentioned
in the European Society of Cardiology and European
Association for Cardio-Thoracic Surgery (ESC-EACTS)
guidelines [10]. Graft flow measurements were
performed just before chest closure and after
hemodynamic stabilization. The parameters evaluated
with the TTFM are mean bypass graft flow, pulsatility
index, diastolic filling, and systolic reverse flow. These
measurements have reduced the possibility of graft
failure, as immediate redo graft revascularization could
be performed if necessary, depending on the TTFM
reading. This has significantly assisted the surgeons in
improving the overall short- and long-term outcome of
the OPCAB procedure [11].
With the introduction of Minimally Invasive
CABG technique, which is performed through a small
opening at the left intercostal space, we have identified
that using a hybrid technique, i.e. on-pump beating heart
CABG (ON-BH CABG), the outcome has been
promising. This was supported by the meta-analysis
performed by Chikara et al [12], which concluded
that there was a significantly lower perioperative
morbidity associated with ON-BH CABG, including
myocardial infarction, renal failure and low output
syndrome, albeit with no significant difference in
primary outcomes. Current evidence indicates that ONBH CABG is associated with significantly lower early
morbidity and mortality [12].
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Therefore, the ON-BH CABG could be an attractive
alternative for high-risk patient populations. This
potentially could be the ‘4th school of thought’ among the
various treatment modalities for patients requiring
CABG surgery in the future.
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