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Abstract Objective: Conventional coronary artery bypass grafting (CABG) is the standard treatment for patients with

coronary artery heart disease. However, its major and life threatening complications include stroke and renal

dysfunction. Off-pump coronary bypass grafting (OPCABG), by avoiding cardiopulmonary bypass, may reduce these

complications.

Patients and Methods: We retrospectively reviewed the records of 125 consecutive patients (male 59 cases,

female 66 cases) who underwent elective OPCABG from April 2011 through September 2013.The mean age (sd) was

63.8 ±±±±± 8.6  years.  Left main disease was present in 24.8%.  Preoperative renal insufficiency (Cr > 2.5 mg/dl) was seen

in 20% of cases while previous stroke was found in 2.4%. Mean Euroscore (sd) was 6.65 ±±±±± 2.9.

Results: Mean graft per patient (sd) was 3.4 ±±±±± 1.1.  The internal mammary artery was used in 84.8% of cases. 
Endarterectomy was performed in 11 patients (9.1%). Total arterial grafting was performed in 20 patients (16.0%). 
Conversion to on-pump technique occurred in 2 cases (1.6%); 2 patients died within 30 days (1.6%); and late deaths 
occurred in 4 cases (3.2%). Renal dysfunction requiring dialysis occurred in 1 (0.79%), and re-exploration for bleeding 
occurred in 2 cases (1.6%). There were no stroke events and no sternal wound infections. The mean follow-up time (sd) 

was 16.4 ± 11.03 months.

Conclusions: Early results of OPCABG at Lampang hospital were promising, with no mortality and low

morbidity.
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INTRODUCTION

The history of coronary artery bypass graft surgery 
(CABG) in Thailand began in 1974, when it was first 
introduced by Professor Prinya Sakiyalak at Siriraj 
Hospital. He performed two saphenous vein graft 
anastomoses to left anterior descending (LAD) and

right circumflex arteries (RCA).  In 1975, Dr. Chalit
Cheanvechai who was practicing at the Cleveland Clinic,
came back temporarily to Thailand and operated on
the first case of CABG at Chulalongkorn Hospital.
However, the number of patients with ischemic heart
disease requiring surgery was rather low. The period
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between 1994 and 2003 saw rapid development of 
advanced new technology; with digitized catheteri-
zation laboratories and good quality vascular stents, 
and the number of percutaneous coronary 
interventions (PCI) increased. Newer cardiac 
surgical techniques such as off-pump coronary bypass 
grafting (OPCABG) were also introduced. During that 
time, CABG became well established in Thailand and 
eventually OPCABG was done in 17% of all CABG 
cases1.

In 2011, the first National Adult Cardiac Surgical
Database Report under The Society of Thoracic
Surgeons of Thailand revealed that there was a relative
decrease in OPCABG performed during 2006 to 2008,
down to about 7% to 9%2.  Groups performing OPCABG
routinely, such as those at the Bangkok Heart Hospital,
claimed that there were real benefits such as lower
mortality and morbidity, less blood transfusion, less
inotropic requirements, reduced myocardial injury,
faster recovery, shorter hospital stay, and lower costs3.
We have known for a while, for example, that
cardiopulmonary bypass induced whole-body

inflammatory response, which causes increased
mortality and morbidity 4 , in addition to the traumatic
effects of cannulations and subsequent thrombo-
embolism. Neurological trauma may be as high as
2.7% to 3.1%5.

In Thailand, it was reported that in-hospital crude
ratio of mortality for off-pump to that of on-pump was
0.69 (2.4% /3.5%), with average post-operative stroke
incidence of 1.1% and new onset renal failure requiring
dialysis occurring in 2%, which were rather low rates of
occurrence. After a period of preparation, we began
offering OPCABG in late 2011. The purpose of the
present study was to review our early experience with
OPCABG, with special reference to complications such
as renal dysfunction requiring dialysis and new onset
of stroke, as well as length of hospital stay and hospital
mortality.

MATERIAL AND METHODS

From July 2011 to September 2013, our unit
performed OPCABG in 125 patients, with 4 cases
requiring pump-assisting techniques due to

Table 1  Preoperative patient characteristics

Characteristics Summary (n = 125)

Age, years: mean±SD 63.8 ± 8.6
Age > 70 years: number (%) 34 (27.2)
Female: number (%) 66 (52.8)
Vessels involved: number (%)

One-vessel disease 4 (3.3)
Two-vessel disease 7 (16.3)
Three-vessel disease 107 (93.9)
Left-main disease 31 (24.8)

CCS angina class: mean±SD 2.9 ± 0.7
NYHA class: mean±SD 2.6 ± 0.6
Previous myocardial infarction: number (%) 119 (95.2)
Ejection fraction (EF): number (%)

EF > 50% 82 (65.6)
EF 30% to 50% 34 (27.2)
EF < 30% 9 (7.2)

Peripheral vascular disease: number (%) 4 (3.2)
Hypertension: number (%) 116 (92.8)
Chronic obstructive pulmonary disease: number (%) 19 (15.2)
Diabetes mellitus: number (%) 55 (44.0)
Dyslipidemia: number (%) 107 (85.6)
Renal dysfunction (Cr > 2.5 mg%): number (%) 25 (20.0)
Prior TIA or stroke: number (%) 3 (2.4)
Preoperative intra-aortic balloon pump: number (%) 35 (28.0)
Euroscore 2: mean ± SD 6.7 ± 2.9

SD = standard deviation; CCS = Canadian Cardiovascular Society Criteria; NYHA = New York Heart Association Classification; Cr = Creatinine; TIA
=Transient Ischemic Attack
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hemodynamic instability. The preoperative charac-
teristics of patients are listed in Table 1.

Details of our standard perioperative and 
operative procedures were as follows: Informed con-
sent was obtained from all patients, after a briefing 
about the operation and watching a demonstration 
video. Angiograms were reviewed at least the day 
before surgery.  Aspirin was usually continued to the 
day of surgery, while Clopidogrel was stopped at least 
five days prior to surgery. Anaesthesiologists visited the 
patient and ordered premedication treatment. A 
perfusionist was always present in the operating room. 
Central venous catheter was always placed, and 
electrocardiography as well as arterial pressure were 
monitored. Swan-Ganz catheters were not used 
routinely.

After median sternotomy was made, the conduits
were harvested.  When finished, heparin 100 IU/kg
was administered. The activated clotting time (ACT)
was maintained at a level of at least 300 seconds. At the
end of operation, protamine was given at a dose of 1
mg/kg to counteract the heparin effect. Patients were
placed in the Trendelenberg position or turned towards
the surgeon and given volume replacement, with or
without inotrope support according to anaesthesio-
logists.

The pericardium was opened downward from
innominate vein along the course of left anterior
descending artery, two heavy silk sutures were placed
on the left side of the pericardium one centimeter
above the phrenic nerve, two deep pericardial traction
sutures (LIMA-Stitch) were placed near the left inferior
pulmonary vein and between it and inferior vena cava
to help facilitate exposure of each segment of coronary
territories.  Coronary artery stabilization was accom-
plished by using a commercially available stabilization
system, the OctopusTM (Medtronic, Minneapolis, MN).
Intraluminal coronary shunts were inserted whenever
possible, or 4/0 polypropylene suture occlusions in
figure of 8 formation were used as proximal and distal
controls to keep the operating field bloodless. CO
blower was used in every case.  Ventricular pacing was
used in cases of bradycardia. Distal anastomoses were
performed using a continuous running 7/0
monofilament suture for venous and radial grafts,
while 8/0 sutures were used for internal mammary
artery (IMA) to left anterior descending (LAD) artery
anastomosis. Proximal anastomoses were constructed

using 6/0 running sutures, after aortic side clamping.
Preoperative intra-aortic balloon pump was

liberally used the night prior to surgery in patients with
left main disease and severe left ventricular dysfunction.
According to the principle of functional revascula-
rization, the anterior wall was bypassed first with IMA
to LAD, then the right coronary artery, and finally the
obtuse marginal vessels.

All data were collected retrospectively from
computerized database. Patients were followed up at
two weeks after surgery, then one month, and every
four months thereafter. The data were analyzed using
Stata version 11 statistical software (StataCorp, TX,
USA).

RESULTS

We have performed OPCABG in 125 cases, with 2
(1.6%) of these converted to on-pump beating heart
due to hemodynamic instability (large hearts and low
ejection fractions). The number of grafts used varied
from 1 to 7, with an average of 3.4 grafts per patient.
Left internal mammary artery (LIMA) was used in
84.8% of cases. The mean intubation and operative
time was 180 minutes (Table 2).

There was no operative mortality. Thirty-day
hospital death occurred in two patients (a hospital
mortality of 1.6%). In one patient, death occurred on
postoperative day two, from refractory ventricular
tachycardia and cardiac arrest in the ICU, developing
into multiple organ failure.  Another patient died from
renal failure and multi-organ failure after endovascular
repair (EVAR).

Postoperative mortality and morbidity are shown
in Table 3. No stroke was observed and only two

Table 2 Intraoperative findings

Conduits:
     Left internal mammary artery (%) 84.8
     Right internal mammary artery (%) 16.8
     Gastroepiploic artery (%) 4.8
     Radial artery (%) 13.6
     Saphenous vein (%) 84.0
Total number of anastomoses 427
Anastomoses per patient:  mean±SD 3.4±1.1
Operative time (minutes): mean±SD 198.8±31.3
Conversion to on-pump beating heart: number (%) 2 (1.6)
Total arterial revascularization: number (%) 20 (16.0)
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patients required temporary hemodialysis. New
postoperative atrial fibrillation was found in 13.6% of
patients. The mean intubation time was 13.1 hours.
Mean postoperative stay and total length of hospital
stay were 6.3 days and 8.9 days respectively.
Resternotomy to stop bleeding was done in 2 patients
(1.6%).

All patients were followed until September 2013.
The mean follow up time was 18.5 months. The Kaplan-
Meier estimate of overall survival is shown in Figure 1.
There were four late deaths, including two patients
who died from COPD with acute exacerbation,
developing into hospital-acquired pneumonia about
three months after operation.   A third patient died at
home six months after operation without autopsy; she
had poor ventricular function preoperatively and

chronic aortic dissection type B. The last patient passed 
away at home three months after operation, also 
without autopsy.

DISCUSSION

Conventional coronary artery bypass grafting is a
standard procedure for the treatment of coronary
artery heart disease in patients all over the world,
including Thailand6-8.  At Lampang Hospital, we have
adopted the OPCABG technique in order to avoid the
morbidity and mortality associated with
cardiopulmonary bypass (CPB), which can lead to
severe systemic inflammatory response especially in
high-risk patients9-12. Numerous studies have
demonstrated the safety and effectiveness of OPCABG,
with favorable early outcomes.  A recent meta-analysis
has revealed that OPCABG may be a safer alternative
to conventional CABG with respect to mortality, and
it is recommended for reducing perioperative
morbidity13-15.

Details of the OPCABG procedure are constantly
developing, including the introduction of innovative
techniques such as cardiac stabilizers, cell-savers, and
intra-coronary shunts used to create a bloodless field.
Better intraoperative coordination between
anesthesiologists and surgeons, along with improved
cardiac and physiologic monitoring, have resulted in
excellent performance of anastomoses in multi-vessel
disease, without the use of CPB16.

In the present study, perioperative morbidity was
relatively low in terms of myocardial infarction (0.8%),
resternotomy to stop bleeding (1.2%), and no deep
sternal wound infection. Our results were similar to
those found in the literature17,18. We had no occurrence
of stroke. Almost all authors agree that patients
receiving the OPCABG procedure are less likely to
develop a stroke in comparison with conventional
CABG, and the incidence of stroke remains low even in
high-risk patients19,20. We routinely looked for aortic
calcification usually visible from chest x-rays, and we
used intraoperative transesophageal echocardiography
to help evaluate atheroma or aortic calcification, and
if these are seen, we used the no-touch aorta technique
(total arterial revascularization).

We usually perform complete myocardial
revascularization, with a mean number of distal
anastomoses per patient of 3.4, which was higher than
that of off-pump patients (2.8) and equivalent to that

Table 3 Postoperative results of off-pump coronary artery
bypass

Variable Summary

30-day mortality: number (%) 2 (1.6)
Late mortality: number (%) 4 (3.2)
Low cardiac output syndrome: number (%) 16 (13.3)
Re-operation for bleeding: number (%) 2 (1.6)
New onset atrial fibrillation: number (%) 17 (13.6)
New onset stroke: number (%) 0
Renal failure requiring dialysis: number (%) 2 (1.6)
Deep sternal wound infection: number (%) 0
Ventilator time (hours):  mean±SD 13.1±4.1
Postoperative of hospital stay (days): mean±SD 6.3±4.4
Total length of hospital stay (days): mean±SD 8.9±5.1
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Figure 1 Kaplan-Meier estimate of overall survival in OPCABG
patients in the present study
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of on-pump cases (3.5) in the series of Sabik and
associates21.  Kleisli and colleagues22 demonstrated
that the 5-year survival rate of complete revasculari-
zation was superior to that of incomplete revascula-
rization (82.4% versus 52.6%).

CONCLUSION

Our early experience with OPCABG at Lampang
Hospital was encouraging in all respects. We had low
morbidity rates with no occurrence of stroke and no
hospital mortality. However, because the present study
demonstrated only the early results of treatment, mid-
term and long-term results have yet to be evaluated.
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