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OPCAB- Is It the “Best Technique” for Coronary Revascularization?
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ABSTRACT

Coronary artery disease (CAD) is one of the commonest cardiovascular disorders. There are many modalities for the management of CAD like percutaneous
catheter intervention (PCI) or coronary artery bypass grafting (CABG). Conventionally CABG is performed with the use of cardiopulmonary bypass (CPB).
However, there are various problems associated with CPB like neuropsychiatric dysfunction, acute renal failure, coagulation and platelet dysfunction,
systemic inflammatory response and post pump syndrome along with longer convalescence. Off pump CABG (OPCAB) is performed on beating heart
without the use of CPB with the help of specially designed epicardial wall stabilizers. Advantages of OPCAB over conventional CABG (CCAB) have been
shown in high risk patients with significant comorbidities. This article reviews the benefits of OPCAB over CCAB in terms of morbidity, mortality and quality

of life. (J Clin Prev Cardiol. 2015;4(4):89-97)
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Introduction

Coronary artery disease (CAD) is one of the commonest
cardiovascular disorders. The management of CAD is
both pharmacological or interventional that includes
percutaneous catheter intervention (PCI) or coronary
artery bypass grafting (CABG). The indication of the
intervention depends upon the severity i.e. number
and quality of the diseased vessels and associated co-
morbidities. Severe CAD such as three-vessel disease
(TVD) and left main disease (LMD) are considered as
indications of CABG.

Traditionally CABG is performed with the use of
cardiopulmonary bypass (CPB). In 1967, first successful
CABG with saphenous vein was performed using CPB
(1). Gradually the number of CABG’s increased over the
years in United States of America (USA) majority of them
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being performed using CPB (2). Major disadvantages
of conventional CABG (CCAB) are neuropsychiatric
dysfunction, acute renal failure (ARF), coagulopathy,
platelet dysfunction, systemic inflammatory response
syndrome (SIRS), post-pump syndrome, postoperative
pain, expense and longer convalescence (3).

Off pump CABG (OPCAB) is performed without the
use of CPB i.e. on the beating heart, with the help of
specially designed epicardial wall stabilizers. History of
OPCAB dates back to pre CPB era in 1950s when CPB
itself was in incipient stage. But with the availability and
wide acceptability of CPB, OPCAB went out of repute.
Kolessov performed OPCAB in 1964 through a left
thoracotomy incision on a beating heart, successfully
grafted the internal mammary artery to branches of the
left coronary artery (4). 1980s witnessed OPCAB with
use of drugs like esmolol for reduction of heart rate which
is desired by the surgeons during OPCAB. In 1990s the
development of techniques like pericardial retraction
suture, slings along with stabilization devices led to
the resurgence of OPCAB as an acceptable alternative
technique to perform CABG. Also in 1990s minimally
invasive technique, suction stabilization and multivessel
suction stabilization devices (Figure 1,2) were used for
OPCAB (5-7).
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Figure 1. Tissue stabilizing device on the epicardial
surface
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Figure 2. Positioning device (Starfish) and tissue
stabilizer device on the epicardial surface

Indications & Contraindications

Major advantage of OPCAB is to avoid CPB related
complications particularly in patients whom CPB may
increase the mortality or morbidity like recent or acute
myocardial infarction, left ventricular (LV) dysfunction,
renal failure, previous stroke, chronic obstructive airway
disease (COAD), age more than 70 years, atheromatous
aorta and unstable angina (8).
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Major contraindications for OPCAB are inexperienced
surgeon, intracavitary thrombi like left ventricular
clot, intramyocardial vessels, malignant arrhythmias,
combined valve or ventricular repair, very small (<1mm)
or calcified coronary arteries, poor vascular conduits,
hemodynamic instability/ischemia and cardiogenic
shock (9).

Worldwide Data

Recently a data was presented in American association of
thoracic surgeons (AATS) annual meeting which stated
that enthusiasm for OPCAB has vaned. The percentage
of CABG’s performed off-pump has steadily declined
over the last 5 years, and currently this technique is used
in fewer than 1 in 5 patients who undergo CABG in the
USA. A minority of surgeons and centers continue to
perform OPCAB in most of their patients (10). Also in
Europe about 25% of CABG procedures are performed
off-pump (11).

However, the trend is quite opposite in Asian
countries like Japan where approximately 60% of the
revascularizations are done as OPCAB (12). In India,
the trend is also towards OPCAB. In our institute, we
are doing around 4,000 cardiac surgical procedures,
majority of which are CABGs (75%) of which 80% are
done as OPCAB.

OPCAB vs. CCAB

There is lot of ongoing debate about advantages of
OPCAB over CCAB and vice versa. Proponents of
OPCAB suggest decreased neurocognitive dysfunction
by avoiding cannulation and aortic cross clamping,
avoidance of SIRS, decreased blood and products use,
better postoperative pulmonary and renal function as
well as shorter length of stay (LOS) in intensive care unit
(ICU) and hospital (13). Argument in favor of CCAB
suggests complete revascularization and better long-
term graft patency. Moreover, emergency conversion
from OPCAB to CCAB does have higher morbidity
and mortality (14). Minimally invasive approaches like
minimally invasive direct CABG (MIDCAB) or total
endoscopic CABG (TECAB) are performed without
CPB, but, there are limitations associated with OPCAB
like it is technically difficult, and subendocardial
ischemia can occur during anastomosis leading to
conversion to CCAB.
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Review of literature revealed many randomized
controlled trials (RCTs) comparing OPCAB or CCAB
for graft patency, duration of ventilation, ICU and
hospital LOS, perioperative morbidity and mortality as
well as long term outcome.

Racz et al (15) studied approximately 68,000 patients
from 1997 to 2000 undergoing CABG either OPCAB
(n=9,135) or CCAB (n= 59,044) for short and long term
outcomes like hospital mortality and complications,
three-year risk adjusted mortality and mortality/
revascularization. OPCAB patients had lower risk-
adjusted mortality 2.02% vs. 2.16% (p=0.39), lower
rates of perioperative stroke [1.6% vs. 2.0%, p<
0.003], bleeding requiring reoperation (1.6% vs. 2.2%,
p<0.001) and lower postoperative LOS (median 5 days
vs. 6 days, p<0.001). However, OPCAB had higher rates
of gastrointestinal bleeding, perforation, or infarction
(1.2% vs. 0.9%, p=0.003). On the other hand CCAB
patients had better three-year survival [adjusted risk ratio
(RR) =1.086, p=0.045] and better chances of freedom
from death or revascularization (adjusted RR= 1.232,
p<0.001). Moreover, an important observation they
made was that OPCAB was technically more demanding
and outcomes may improve as compared to CCAB in the
future as more surgeons master the learning curve with
improvements in methods for stabilization of the heart.

Later ROOBY (randomized on/off bypass) trial (16)
studied 2203 patients in 18 centers undergoing elective
or urgent OPCAB or CCAB. They found no significant
difference in the rate of the 30-day composite outcome
i.e. reoperation, new mechanical support, cardiac
arrest, coma, stroke, or renal failure, (7.0% and 5.6%),
respectively; p=0.19. There were lesser grafts in
OPCAB and rate of graft patency was also lower in
the OPCAB group (82.6% vs. 87.8%, p<0.01). They
concluded that OPCAB was associated with poor graft
patency as well as poor composite endpoint at 1 year
follow-up. However, major limitations were gender bias
(mostly males), surgeon bias (role of primary surgeon
not defined) and high conversion rate to on pump.

A meta-analysis of 37 randomized trials (3,369 patients)
by Cheng et al (17) revealed superiority of OPCAB with
regard to atrial fibrillation (AF), inotropes requirement,
blood transfusion, ventilation time, respiratory infections
and LOS in ICU and hospital. They concluded that certain
“short and midterm clinical and resource outcomes”
improved with OPCAB. This is one of the few early

Arora et al

papers that revealed the benefits of OPCAB over CCAB.
Later, Puskas et al (18) in their meta-analysis on low as
well as high risk patients also described the benefits of
OPCAB in terms of morbidity, mortality, LOS in ICU
and hospital, cognitive dysfunction and overall quality
of life.

Recently, a multicentric CORONARY trial (19)
involving 4,752 patients also revealed that there was
no difference between two techniques with respect to
the 30-day mortality, myocardial infarction, stroke, or
renal failure requiring dialysis. Moreover, there was
decreased transfusion requirement (50.7% vs. 63.3%;
p<0.001) and reoperation for perioperative bleeding
(1.4% vs. 2.4%; p=0.02) as compared to CCAB. There
were less respiratory (5.9% vs. 7.5%; p=0.03) and renal
complications (28.0% vs. 32.1%; p=0.01), however
there was increased risk of early revascularization
(0.7% vs. 0.2%; p=0.01) in OPCAB. In the same year,
an editorial by Grover (20) discussed ROOBY and
CORONARY trials and suggested that long-term data
should be analyzed. The result of this data will address
the controversial topics and specific subgroups of
patients who might benefit from OPCAB.

We are practicing OPCAB since 1990’s and have
vast experience with it in a variety of patients. We
performed a retrospective analysis of 28,216 patients
who underwent elective CABG over a 15-year period
from 1990 to 2004 at our center. Isolated OPCAB was
performed in 14,030 patients (21). The overall period
was divided into 3 groups of 5 years each: Group I
(1990-1994), Group I (1995-1999) and Group III (2000-
2004). Initially, OPCAB was performed only in high-
risk patients later on it was electively performed in 96-
98% of CABG patients (2000-2004). Patients’ medical
charts were reviewed for age, preoperative risk factors,
operative findings, intraoperative conversion rate to
CPB, postoperative complications, and hospital LOS.
We found improvement in OPCAB in the number of
grafts as compared to CCAB from the first (1990-1994)
2.0 £ 0.4 vs. 3.2 £ 0.8 to the third (2000-2004) period
3.5+ 0.2 vs. 3.4 £ 0.8, conversion to CPB (5.2% vs.
1.7%), perioperative MI (5.2% vs. 1.5%), and hospital
mortality (5.2% vs. 1.1%). Moreover LOS in ICU and
hospital was shorter in group III as compared to group I.
We concluded that the “learning curve” associated with
OPCAB can be improved over time and careful selection
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of patients, is also important.

Another study from our group on 4953 patients who
underwent OPCAB found decreased ventilation time
(19 £ 4 hours vs. 25 + 6 hours; p<0.001), blood loss
(350 = 41mL vs 598 + 74mL; p<0.001), blood and
blood products usage (30.8% vs. 45.3%; p<0.001) and
rexploration for bleeding (0.6% versus 2.8%; p<0.001).
Moreover there was decreased need for intraaortic
balloon pump (IABP) (1.3% vs. 2.6%; p<0.001) and
decreased mortality rate (0.97% vs. 1.86%; p<0.001)
as well as decrease in ICU and hospital LOS in these
patients (22).

OPCAB and High Risk Patients

In high risk patients i.e. the patients with poor left
ventricular ejection fraction (LVEF < 30%), age greater
than 70 years, left main coronary artery stenosis, acute
myocardial infarction, and redo coronary artery surgery,
OPCAB is considered beneficial. We studied 1,075
consecutive high-risk patients who underwent OPAB
and found better results as compared to CCAB with
regard to hospital mortality 3.2% vs. 4.5% (p=0.109),
intubation time (19 = 5 vs. 24 + 6 hours, p<0.001),
mean blood loss (362 + 53 vs. 580 + 66 mL, p<0.001),
atrial fibrillation (14.3 vs 19.7%, p<0.001) and ICU and
hospital LOS (p<0.001). We concluded that OPCAB
can be safely performed in high-risk patients with
multivessel coronary artery disease (23). In patients
with atheromatous aorta and with severe LV dysfunction
we have shown better results with OPCAB (24,25).
Moreover in patients having unstable angina OPCAB is
also considered a safe technique (26).

A metaanalysis and consensus statement by International
Society for minimally invasive cardiac surgery
(ISMICS) published in 2005 stated that OPCAB was
a safe alternative to CCAB with respect to mortality
and morbidity (Class I, level A), completeness of
revascularization and graft patency (Class Ila, Level
A), quality of life (Class I, Level A) and cognitive
dysfunction (Class Ila, Level A). Moreover, OPCAB
also reduced the duration of ventilation, ICU and
hospital LOS, had better resource utilization (Class I,
Level A) and was beneficial in high-risk patients as well
(Class Ila, Level B) (18).

Another meta-analysis (23 RCTs and 7,759 patients)
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in patients with LV dysfunction also revealed mortality
benefit in OPCAB patients. Although it was associated
with incomplete revascularization, however, that was
not reflected in the clinical outcome (27).

OPCAB and Redo Surgery

Reoperative CABG has high mortality and morbidity
and more chances of complications in the perioperative
period. There are more chances of prolonged ventilation
and ICU stay, increased blood requirement and
postoperative infections. OPCAB is considered a safe
technique for reoperative CABG. We studied 350
patients who underwent redo CABG either OPCAB
(n=156) or CCAB (n=194) and found better outcomes in
the former group (28,29). In OPCAB patients, there was
decrease in postoperative blood transfusion (12.82%
vs. 86.3%, p=0.001), decreased ventilatory support
(>24 hours) (7.7% vs. 16.49%, p=0.021) and decreased
inotropic requirement (10.89% vs. 23.71%, p=0.003).
Moreover there was decreased ICU (20 + 4.1 hours
vs. 40 £ 6.2 hours, p=0.001) and hospital LOS (5 + 3.4
days vs. 9 £ 4.2 days, p=0.001) and in-hospital mortality
(3.2% vs. 7.7%, p=0.114) as well. We concluded that
off-pump redo coronary artery bypass grafting was a
safe technique of myocardial revascularization.

Recently a retrospective analysis from Japan
cardiovascular surgery database on 34,980 patients who
underwent isolated CABG (2008-2011) was done, out
of which 1.8% (n=617/34980) patients underwent redo
CABG. Redo surgery was primarily done as OPCAB in
364 (59%) and CCAB in 253 (41%). In redo OPCAB
patients there was less mean operation time (353.7 vs.
441.3 min, p<0.0001), 30-day mortality rate (3.5 vs.
7.0%, p=0.18), composite mortality or major morbidities
(11.0 vs. 21.5%, p=0.006), prolonged ventilation (>24
h) (7.0 vs. 15.0%, p=0.016), ICU LOS (=8 days) (7.0
vs. 14.5%, p=0.023) and blood transfusions (71.5
vs. 94.0%, p<0.0001). They concluded that OPCAB
reduced early operative mortality and the incidences of
major complications in redo CABG (30).

Nowadays in the era of minimally invasive cardiac
surgery, redo CABG can be performed through
posterolateral thoracotomy. We have done a pilot study
in a few patients with favorable results. In our patients
angioplasty had failed and internal mammary artery
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graft was patent. Therefore, radial artery graft was
used for vein graft to lateral wall through posterolateral
thoracotomy, the proximal anastomosis being from the
descending aorta.

OPCAB and Stroke

Stroke after cardiac surgery increases perioperative
mortality and morbidity. The reported incidence of
neurological complications after CCAB is 3-6%.
Aortic manipulation (aortic cannulation or proximal
anastomosis) during cardiac surgery in vulnerable
patients may lead to perioperative stroke. OPCAB has
beenassociated inrecentstudies with decreased morbidity
and risk of perioperative stroke (31). Moreover, avoiding
manipulation of aorta during OPCAB may also decrease
the chances of perioperative neurological events. It has
been revealed in a meta-analysis that in comparison to
OPCAB without manipulation of aorta with CCAB the
rate of stroke was 0.38% vs. 1.87% (p<0.0001) (32). In
another study, in patients with left main disease (LMD)
“clampless” OPCAB was associated with decreased
incidence of stroke as compared to CCAB. (0.4% vs.
2.9%; p=0.012), particularly in patients with carotid
artery disease and with previous history of stroke (33).
In our experience also there has been less incidence of
stroke rate with OPCAB (34).

OPCAB & Renal Dysfunction

Use of CPB may adversely affect renal function and
occasionally results in renal failure following cardiac
surgery. Avoidance of CPB may prevent the renal
dysfunction in high risk patients like LV dysfunction,
peripheral vascular disease, diabetes mellitus, emergent
procedure, high body mass index (BMI) and on [ABP
support (35).

In dialysis dependent patients with end stage renal
disease, OPCAB is considered as safe alternative to
CCAB. In a study on 294 dialysis-dependent patients,
168 patients underwent OPCAB, with significantly
less in-hospital mortality as compared to CCAB (5.4%
vs. 11.9%, p=0.04) (36). The OPCAB technique has
also been shown to preserve glomerular filtration rate
(GFR) with lesser increase in creatinine levels and
superior renal protection (37). Moreover, in an analysis
on 7,42,909 CABG patients from Society of Thoracic
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Surgery database (2004-2009) with regard to in hospital
mortality and need for renal replacement therapy (RRT),
there was less incidence of death and RRT in OPCAB
patients with known chronic kidney disease (CKD) (38).

In a recent multicentric study 2932 patients from
CORONARY trial were enrolled into a kidney function
substudy to record serum creatinine concentrations
during the postoperative period and at 1 year. They
found reduced risk of acute kidney injury (AKI) in
postoperative period after OPCAB (39).

OPCAB & Percutaneous Coronary Inter-
vention (PCI)

PCI with drug eluting stent (DES) has challenged CABG
as the gold standard for multivessel CAD. However,
there is still paucity of data to verify the same. Authors
compared PCI with OPCAB in multivessel CAD and
found better cumulative major adverse cardiac and
cerebrovascular events (MACCE) and clinical outcome
in one year follow-up. Moreover three-year survival
rate and survival free from MACCE at 3 years were
also better in OPCAB (99.5% + 0.5% vs. 95.1% =+
2.9%, p=0.075) and (91.3% = 2.9% vs. 73.3% + 5.3%,
p<0.001), respectively (40).

Recently in LMD, comparison of these techniques also
favored OPCAB over PCI. OPCAB had decreased early
mortality (0 vs 5%; p<0.001), better overall survival
at 8 years (88.6 £ 3.5% vs. 85.8 £ 5.3%; p=0.394) and
freedom from MACCE at 8 years (83.9 £ 5.1 vs. 60.2 £+
6.9%; p<0.001). However, the incidence of stroke was
similar in both groups (41).

In comparison to PCI arm of Syntax trial, OPCAB was
also found to be superior after three years follow-up in
terms of MACCE (10.3% vs. 28.0%; p<0.001), repeat
revascularization (4.3% vs. 19.7%; p<0.001) and stroke
(1.3 vs. 2%; p=0.347) (42).

OPCAB - Gender and Body Habitus

Gender particularly female patients are considered as
high risk for CABG in view of smaller target vessels and
conduits and associated co-morbidities. Women have
a poorer prognosis and a more unfavorable outcome
than men after myocardial infarction or interventional
procedures.
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In a study on 3,500 patients who underwent CABG in
India, 14.6% of patients were women in whom they
found smaller coronary artery size than males even
with body surface area >1.52 m?. In-hospital mortality
was higher in females (2.92% vs. 1.8%) primarily
due to low cardiac output and renal failure. However,
interesting finding was association of OPCAB with
reduced mortality (1.84% vs. 4.5%; p=0.01) in women,
blood requirement (2.5 + 1.2 units vs. 4.3 + 1.4 units;
p<0.001); ICU stay (29.4 = 16.4 hours vs. 38.3 =+
17.3 hours; p<0.0001); and hospital LOS (6.81 + 1.6
days vs. 8.05 + 2.1 days; p<0.0001). However, there
was no statistically significant difference in the rates
of mediastinitis, arrhythmias, and neurological or
pulmonary complications (43).

A meta-analysis of six observational studies involving
23313 patients (9596 OPCAB and 13717 CCAB)
also revealed lesser 30-day mortality (4.8% vs. 0.7%;
p=0.92) and decreased peri-operative myocardial
infarction (p=0.0009) in OPCAB. They concluded that
OPCARB is a safe alternative to CCAB in female patients
(44). Apart from reducing in-hospital mortality, OPCAB
in female patients also has lower rate of postoperative
atrial fibrillation than male patients (6% vs. 15%;
p=0.08) (45). A retrospective study on female patients
undergoing CABG revealed CPB as an independent
predictor and risk factor of increased early and midterm
postoperative mortality in female gender. OPCAB
significantly reduces early and midterm postoperative
mortality in women and the authors recommended it as
a preferred technique (46).

Patients who are morbidly obese and thin built are also
considered as high risk for CABG. A study on 6801
patients undergoing CABG, BMI<25, 4312 (OPCAB,
2083; CCAB, 2229) and BMI>35, 2489 (OPCAB,
1127; CCAB, 1362) revealed advantages of OPCAB
in the form of decreased in-hospital mortality (adjusted
odds ratio, 0.48; 95% CI, 0.28-0.82), stroke (adjusted
odds ratio, 0.31; 95% CI, 0.18-0.56), new-onset renal
failure (adjusted odds ratio, 0.59; 95% CI, 0.36-0.96)
and chances for prolonged ventilation (adjusted odds
ratio, 0.50; 95% CI, 0.38-0.64) (47). We are routinely
practicing OPCAB in morbidly obese patients and
administering regional analgesia (thoracic epidural
analgesia) for perioperative analgesia (48).
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OPCAB and Elderly

Elderly (>70 years) coming for cardiac surgery are
considered as high risk patients. Nowadays the population
of this group coming for coronary revascularization is
increasing. A multicenter, randomized trial ‘DOOR’
(Danish On-Pump Versus Off-Pump Randomization
Study) on 900 patients > 70 years of age undergoing
CABG was done to study combined end point of death,
stroke, or myocardial infarction. They found both CCAB
and OPCAB as safe procedures in elderly patients. No
major differences in intermediate-term outcomes were
found (49).

GOPCABE trial (German Off-Pump Coronary Artery
Bypass Grafting in Elderly Patients) also compared
OPCAB versus CCAB in elderly patients (>75years)
(50). They found no significant difference with regard
to the composite outcome of death, stroke, myocardial
infarction, repeat revascularization, or new RRT within
30 days and within 12 months after surgery.

OPCAB- Other Advantages

In view of shorter duration of surgery, less heparinization
and early mobilization, non-cardiac surgery can also
be performed in the same sitting. We have also done
combined procedures like thyroidectomy (51) in a
patient with a huge goiter with respiratory obstruction.
We also performed hip and knee joint replacement with
OPCAB in the same sitting in a patient who was admitted
for total knee replacement, found to have critical CAD
and had a fall with fracture hip (52). OPCAB can also be
performed safely in conditions with platelet dysfunction
like dengue fever (53). OPCAB can be safely performed
in combination with carotid endarterectomy as well (54).

Moreover, by avoiding CPB regional analgesia,
particularly neuroaxial blocks, can be given in selected
patients for better postoperative analgesia. We are
routinely using these techniques in morbidly obese as
well in patients with reactive airway disease (48,54-58).

OPCAB and SIRS

Complement activation, cytokine production, and
related cellular responses are important factors during
open-heart surgery. CPB activates the complement
systems, thereby causing production of several
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inflammatory cytokines. OPCAB is associated with
reduced postoperative rise in markers of SIRS, such as
C3a, C5a, and TNF-a, or interleukin (IL)-6 and IL-8
(59). Elderly and poor left ventricular patients have
shown increased levels of proinflammatory markers on
CPB. Thus OPCAB is found to be beneficial in these
patients (60). Recent study has shown attenuation of
endothelin (ET) levels in patients undergoing OPCAB
in systemic, pulmonary, and coronary circulation as well
as lower levels of Neopterin, IL-6 and IL-8 (61,62).

OPCAB and Cost analysis

Apart from reducing the complications associated with
CPB, OPCAB also reduces cost and helps in reducing
resource utilization due to reduced disposable (CPB
circuit and cannulae). Previously the cost advantage
of OPCAB was offset due to risk of intraoperative
conversions and they found that the cost increased
exponentially if the probability of conversion was more
than 15% (63). Authors also found it to be durable
and cost-effective along with providing complete
revascularization (64). In patients more than 70 years of
age OPCAB is also considered to be more cost effective
than CCAB (65).

Conclusion

OPCABisasafeprocedure forcoronaryrevascularization.
It may reduce risk of stroke, renal failure, atrial
fibrillation, myocardial infarction, blood transfusion,
and reduces duration of mechanical ventilation and
LOS as well as the cost. Although it increases the risk
of repeat revascularization after one year still it may be
a “better” technique for high risk patients with major
comorbidities, atheromatous aorta, LV dysfunction
and redo surgery. However, large multicentric RCTs
with longer follow-up are required to prove the same.
However, the jury is still out.
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