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ORIGINAL ARTICLE

POSTOPERATIVE ARRHYTHMIAS AFTER CORONARY ARTERY
BYPASS GRAFTING A COMPARISON BETWEEN ‘OFF PUMP’ AND
‘ON PUMP’ CABG
Javed Iqbal, Abdul Ghaffar, Ahmad Shahbaz, Waqas Sami, Jawad Sajid Khan
Punjab Institute of Cardiology, Lahore, Pakistan

Background: Coronary artery bypass without cardiopulmonary bypass (CPB) has gained popularity
recently with the development of devices that allow for improved exposure and standardization in off
pump coronary artery bypass surgery. Off pump coronary artery bypass surgery reduces some of the
morbidities traditionally attributed to CPB. The primary goal of off pump coronary artery bypass
surgery is to provide an equally comprehensive operational result as the conventional operation. The
purpose of the study was to compare intra operative and postoperative arrhythmias in off pump
coronary artery bypass (OPCAB) verses conventional CABG. Methods: This study was a sub-group as
part of a randomised control trial and was conducted from January 2006 to March 2007 at Punjab
Institute of Cardiology. One hundred patients were included in ‘on pump’ group-A, and 100 patients in
‘off pump’ group-B. Results: Thirty-three patients in group-A and 22 in group-B developed
arrhythmias. Twenty-six patients developed atrial fibrillation in group-A and 16 patients in group-B.
Mortality due to arrhythmias was 5, three were in on pump group, and 2 were in off pump group.
Conclusion: There is non-significant tendency towards less frequency of postoperative arrhythmias in
the off pump patients as compared to on pump coronary artery bypass surgery patients.
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INTRODUCTION
Coronary artery bypass surgery with cardiopulmonary
bypass is a standard procedure for treatment of coronary
artery disease. Workload of Coronary artery bypass
surgery is decreased because of modern way of treating
coronary artery disease especially with percutaneous
coronary intervention (PCI). CABG is reserved for
patients with significant stenosis of left main stem,
diffuse coronary artery disease, diabetic patients in
which ‘In stent’ restenosis is very high, and for patients
with stenosis at coronary bifurcation.1
Cardiopulmonary bypass provides controlled
haemodynamics blood less and motion less surgical
field intra operatively allowing surgeons to bypass
multiple coronary arteries with great precision and
control.2 Cardiopulmonary bypass is a major
intervention with multiple involved risks. This resulted
in renewed interest in off pump coronary artery bypass
grafting.3 Off pump is equally safe as the on pump4,
there are some advantages of off pump compared to
conventional on pump coronary artery surgery.5,6
Controversies still exist whether off pump coronary
artery by pass surgery provides better, immediate and
long term results over conventional on pump coronary
artery surgery.7– 10
It was observed in earlier experience with off
pump coronary artery bypass surgery that this technique
can provide similar results to conventional coronary
artery bypass surgery in patients with additive Euro
Score 6 or greater.11 Up to 30% of patients following
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CABG will have at least one episode of atrial fibrillation
post operatively.
Most
frequent
postoperative
rhythm
disturbances occur usually two to three days after
surgery, mostly benign and self terminating.
Postoperative arrhythmias are associated with
prolonged hospital stay, haemodynamics instability
and thrombo embolism. Stroke risk is increased three
folds in patients with post operative arterial
fibrillation.12 The primary goal of off pump coronary
artery bypass surgery is to provide an equally
comprehensive operation as the conventional
operation. Patient selection plays an important role in
success of OPCAB. Patient with poor ejection fraction,
cardiomegaly, shock or with malignant arrhythmias
are high risk for OPCAB, vessel quality and size play a
significant role in post operative out come.
Ascione et al demonstrated decreased incident
of arrhythmias and decrease inotropic support following
OPCAB, although this did not reach the statistical
significance.13–16 Supra-ventricular specifically atrial
fibrillation is the most common in the cardiac per
operative surgery. Arrhythmias can complicate up to
50% of the procedure and is associated with increased
length of intensive care unit, hospital stay, increased
morbidity and mortality.17,18
The objective of the study was to compare the
off pump and on pump coronary artery by pass surgery
with reference to arrhythmias which included atrial
fibrillation, supra-ventricular tachycardia, bradycardia,
and atrial fibrillation/ventricular tachycardia.
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MATERIAL AND METHODS
This prospective randomised control trial was conducted
at Punjab Institute of Cardiology from January 2006 to
March 2007. Patients were randomised in two groups A
and B. Group A, included patients in whom on pump
coronary artery by pass surgery was done by using on
pump technique. In group B off pump coronary artery
by pass surgery was carried out. All patients were
assessed preoperatively by using Euro Score for
standardising the risk and expected outcome. Inclusion
criteria for the patients were elective coronary artery by
pass grafting, age over 18 years, willingness to be
randomly assigned, provision of informed consent.
Exclusion criteria for the patients were, associated heart
surgery, emergency surgery, cardiogenic shock,
preoperative intra-aortic balloon pump, recent MI with
in one month, history of supra-ventricular tachycardia,
atrial fibrillation, renal, respiratory impairment, previous
stroke, TIA and coagulopathy.
Operative techniques for on pump and off
pump were adopted as standard. For exposure and
stabilization after exposing the target vessel and
stabilisation octopus Medtronic suction device was used
in off pump patients. Vessel size >1.5 mm, quality were
considered for satisfactory anastomosis. Keys to
optimisation of intra-operative patient haemodynamics
were heart rate, rhythm, BP, cardiac filling pressure,
electrolytes, body temperature (prior to cardiac
manipulation). This provided stable platform and
allowed us to stabilize the heart during the anastomosis
period. Monitoring radial artery catheterisation, central
venous pressure, mixed oxygen saturation (MvO2,
Pulmonary Artery pressure was considered in all
OPCAB cases. Heart rate was kept between 50 and 100.
Pulmonary artery diastolic pressure was maintained
between 11–15 mm Hg. After median sternotomy and
harvesting of conduits heparin sulphate was given 300
IU/Kg to achieve Activated clotting time of 400 seconds
or greater, repeated every 20 minutes. Full protamine for
reversal after completion of procedure. First
anastomosis performed was in the order of Internal
mammary artery to left anterior descending artery
(LAD). Because it is easiest to complete, minimal
cardiac manipulation and provided revascularisation of
the most critical area which confirmed added protection
from haemodynamic instability and arrhythmias, during
the remaining procedure. Deep pericardial sutures were
placed for stabilisation of heart and rolling of heart into
midline position. We used sponge in the most dependent
position of the pericardium and rotated this sponge
around to position the heart. After stabilisation of the
heart by octopus device the anastomosis were
performed. Intra coronary shunt was used to achieve the
bloodless field and allow distal perfusion.

The data was analysed using PASW 18.0 and
STATA 8.2, Mean±SD is given quantitative variables.
Frequencies and percentages are given for qualitative
variables. Two-independent sample t-test was applied to
observe group mean differences. Pearson Chi-square
and Fisher Exact test were applied to observe
associations between qualitative variables. A p-value of
<0.05 was considered as statistically significant.

RESULTS
Study population was divided into two groups with
100 patients in each group. Group-A consists of
patients who underwent On-Pump coronary artery by
pass grafting and group-B consists of the patients
who underwent off-pump CABG. Both groups were
matched for preoperative and postoperative variables
with no significant difference in each group.
The mean haemoglobin level in group A was
13.23±1.67 g/dl and in group B it was 12.34±1.80 g/dl,
no significant difference was observed in the mean Hb
levels of both groups (p=0.773). The mean ESR in
group A was 19.51±12.70% and in group B it was
19.36±12.89%, no significant difference was observed
in the mean ESR of two groups (p=0.930). The mean
platelet count in group A was 221.62±69.97109/L and
in group B it was 223.66±68.94109/L, no significant
difference in platelet count was observed in both groups
(p=0.845). The mean Haematocrit in group A was
38.31±5.38 ρg and in group B it was 38.19±4.65 ρg, no
significant difference was observed in the mean HCT
between groups (p=0.887).
Similarly, the mean levels of blood urea,
creatinine, bilirubin, prothrombin time, INR, APTT,
serum cholesterol, triglycerides and cardiac enzymes
showed no significant different levels in both groups.
Table-1: Preoperative laboratory investigations in
patients
Variables
N
Haemoglobin in gm/dl
Erythrocyte
Sedimentation Rate
Platelets
Haematocrit (%)
Blood Urea
Blood Creatinine
Serum Bilirubin
Prothrombin Time
International
Normalised Ratio
Activated
Partial
Thromboplastin Time
Serum Cholesterol
Serum Triglyceride

ON-PUMP
(Mean±SD)
100
13.23±1.67

OFF-PUMP
(Mean±SD)
100
12.34±1.80

0.773

19.51±12.70
221.62±69.97
38.31±5.38
31.11±14.41
1.06±0.64
0.64±.227
13.63±2.28

19.36±12.89
223.66±68.94
38.19±4.65
28.24±10.28
1.07±0.73
0.63±.25
13.45±1.202

0.930
0.845
0.887
0.098
0.878
0.826
0.513

1.08±.11

1.07±0.09

0.522

p

38.81±10.53
39.36±14.90 0.761
155.6±35.431 151.87±39.4 0.654
169.3±131.97 174.49±132.05 0.435
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In Table-2 demographics of the study groups
are presented. The mean age of the patients in group
A was 53.51±9.96 years and in group B it was
51.59±10.30 years, no significant difference was
observed in the mean age of patients in both groups
(p=0.765). Similarly, no significant difference was
observed in the mean height, weight, pulse, systolic
blood pressure, diastolic blood pressure and
respiratory rate of patients in group-A and group-B.
Table-2: Demographics of the study group
Variables
n
Age of the patient
Height of the patient
Weight of the patient
Pulse
Systolic Blood Pressure
Diastolic Blood Pressure
Respiratory Rate

On-Pump
Off-Pump
100
100
53.51±9.96 51.59±10.30
167.9±9.57 168.97±6.49
71.80±12.6 74.90±12.13
81.19±9.98
78.70±8.39
119.20±13.8 121.70±12.85
77.42±9.13
75.87±8.32
20.46±2.21
20.16±2.49

p
0.765
0.512
0.070
0.052
0.941
0.209
0.470

There is no significant difference in risk
factor distribution in both groups. In Table-3 there is
no significant association was observed between
hypertension and groups (54.0% vs 53.0%,
p=0.8873). In group-A 38 (38.0%) patients were
diabetic and in group-B 42 (42.0%) patients were
diabetic with p-value being 0.5637. In group-A 34
(34.0%) patients had a positive family history of IHD
whereas in group-B 39 (39.0%) patients had family
history of IHD, the association was statistically nonsignificant (p=0.4637). Eighteen (18.0%) patients in
group-A were hyperlipidemic whereas 10 (10.0%)
patients in group-B were hyperlipedemic (p=0.1030).
Renal failure, Hepatitis B, Hepatitis C and IABP had
no significant associations in groups, p-value being
0.3124, 0.4071 and 0.3476 respectively. Significant
association was observed between endartrectomised
vessels between groups, in group-A 29 (29.0%)
vessels were endartrectomised whereas in group-B 16
(16.0%) vessels were endartrectomised (p=0.027).
Table-3: Distribution of risk factors
Variables
N
Hypertension
Diabetes Mellitus
Family History
Hyperlipidemia
Smoking
Renal Failure
Hepatitis B
Hepatitis C
Endartrectomy
IABP

On-pump
n (%)
100
54 (54.0)
38 (38.0)
34 (34.0)
18 (18.0)
42 (42.0)
0 (0.0)
1 (1.0)
2 (2.0)
29 (29.0)
3 (3.0)

Off-pump
n (%)
100
53 (53.0)
42 (42.0)
39 (39.0)
10 (10.0)
33 (33.0)
1 (1.0)
3 (3.0)
4 (4.0)
16 (16.0)
4 (4.0)

p
0.8873
0.5637
0.4637
0.1030
0.1887
--0.3124
0.4071
0.0277
0.3476

Table-4 shows that LAD was grafted in 100%
patients of both groups. In group-A D1 was grafted in
29 (29.0%) patients whereas in group-B it was grafted
in 35 (35.0%) patients showing no significant
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association p=0.3631. D2 was grafted in 4 (4.0%)
patients in group-A, and in group-B it was grafted in 3
(3.0%) patients, the results showed insignificant
association (p=0.7004). In group-A OM1 was grafted
in 60 (60.0%) patients whereas in group-B it was
grafted in 43 (43.0%) patients with a non-significant
p=0.3181. Similarly no significant association was
observed in the number of grafts applied on OM2 in
group-A and group-B (12.0% vs 9.0% p=0.4889), on
CX in group-A and group-B (7.0% vs 10.0%
p=0.4469), on RI in group-A and group-B (12.0% vs
18.0% p=0.234), on PDA in group-A and group-B
(19.0% vs 18.0% p=0.8555) and on RCA group-A and
group-B (51.0% vs 50.0% p=0.8875) respectively.
Table-4: Application of Per-op Grafts in both groups
n
LAD
D1
D2
OM1
OM2
CX
RI
PLV
PDA
RCA

ON-PUMP
n (%)
100
100 (100.0)
29 (29.0)
4 (4.0)
60 (60.0)
12 (12.0)
7 (7.0)
12 (12.0)
1 (1.0)
19 (19.0)
51 (51.0)

OFF-PUMP
n (%)
100
100 (100.0)
35 (35.0)
3 (3.0)
43 (53.0)
9 (9.0)
10 (10.0)
18 (18.0)
1 (1.0)
18 (18.0)
50 (50.0)

p
--0.3631
0.7004
0.3181
0.4889
0.4469
0.2348
--0.8555
0.8875

Table-5 shows that 24 (24.0%) single
vessels were endartrectomised in group-A and 14
(14.0%) were endartrectomized in group-B. Similarly
4 (4.0%) double vessel endartrectomy was performed
in group-A and 2 (2.0%) was performed in group-B.
Triple vessel endartrectomy was performed in 1
(1.0%) patient in group-A and no triple vessel
endartrectomy was involved in group-B.
Table-5: Coronary Endarterectomy performed
Variables
Single Vessel Coronary Endarterectomy
Double Vessel coronary Endarterectomy
Triple Vessel coronary Endarterectomy

On-pump Off-pump
n (%)
n (%)
24 (24.0) 14 (14.0)
4 (4.0)
2 (2.0)
1 (1.0)
0 (0.0)

In Table-6 post operative graft application is
compared in both groups. The average grafts applied
in group A was 2.99±0.882 and in group B the
average grafts applied was 2.96±0.942, no significant
difference was observed in terms of grafts applied in
both groups p=0.234.
Table-6: Post Grafts application and Comparison
Variables
n
Post-op Grafts

On-pump
Mean±SD
100
2.99±0.882

Off-pump
Mean±SD
100
2.96±0.942

p-value
0.234

Table-7 shows that mean ICU stay in group-A
was 5.32±2.15 and in group-B it was 4.47±1.83,
p=0.051. Similarly no significant difference was
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observed in the mean hours ventilated, hospital stay and
drain in group-A and group-B p=0.070, 0.074 and 0.468
respectively.
Table-7: Post-operative Findings
Variables
N
ICU Stay
Hours Ventilated
Hospital stay
Drain

On-pump
Mean±SD
100
5.32 ± 2.15
10.69±8.53
13.43±7.11
526.24±265.73

Off-pump
Mean±SD
100
4.47 ± 1.83
8.12 ± 5.23
11.69 ± 6.01
558.61±242.60

p
0.051
0.070
0.074
0.468

Table-8
describing
post
operative
complications in both groups including arrhythmias .in
this table renal failure and Acute Myocardial Infarction
were significantly associated in group-A and group-B
(21.0% vs 10.0% p=0.0316) and (2.0% vs 11.0%
p=0.0098) respectively. Neurological complications
were observed only in group-B patients 3 (3.0%).
In group-A 33 (33.0%) patients developed
arrhythmias whereas in group-B 22 (22.0%) patients
developed arrhythmias p=0.3467 with no significant
difference in both groups in mortality and morbidity (pvale >0.05).
In both groups, no significant association was
observed between low output syndrome, respiratory
infections, wound infections, Intra-aortic balloon pump
and mortality p-value being 0.3660, 0.3465, 0.1489 and
0.3465 respectively.
Mean Euro score was 3.0±2.07 in group-A and
1.8±1.9 in group-B. Actual mortality due to arrhythmias
was 5, 2 patients died due to AF, One patient died due to
AF/VT, One due to AF, SVT, VT, VF, other one
mortality resulted from
Atrial Fibrillation/Supra
ventricular tachycardia, Bradycardia and Heart Block .
Over all mortality in on pump patients were 3,
2 due to AF/ one due to AF/ T. Total patients died in off
pump group were 2.
One due to Atrial
Fibrillation/Supraventricular
tachycardia/Ventricular
Tachycardia/Ventricular Fibrillation, other one due to
AF, SVT, Bradycardia , Heart Block. Mortality in A,
was higher (1.673%) than group-B (0.75%),
(p=0.3332).
Table-8: Comparison of Post-operative
Complications
Complications
N
Conversion to On-pump
Neurological
Arrhythmias
Low Output Syndrome
Respiratory
Wound Infection
IABP
Renal Failure
Mortality
AMI

On-pump
n (%)
100
1 (1.0)
0 (0.0)
33 (33.0)
2 (2.0)
9 (9.0)
3 (3.0)
6 (6.0)
21 (21.0)
3 (3.0)
2 (2.0)

Off-pump
n (%)
100
--3 (3.0)
22 (22.0)
1 (1.0)
13 (13.0)
4 (4.0)
2 (2.0)
10 (10.0)
2 (3.0)
11 (11.0)

p
----0.0815
0.3467
0.3660
0.3465
0.1489
0.0316*
0.3465
0.0098*

DISCUSSION
This study was carried out with the aims that the
development of off pump coronary artery surgery
decreases the incidence/adverse outcome due to extra
corporeal circulation. Clinically off pump has shown
improved out come in patients who are otherwise at risk
for cardiopulmonary by pass and aortic cross clamping.
Cardiologist, suggest off pump surgery while
patient’s profile yet remained the determining factor for
on or off pump coronary surgery. Decision ultimately
lies with the surgeon as they are working with
preoperative work up and intra operative findings. The
theoretical advantage of off pump coronary artery
surgery leads us to expect lower mortality and
morbidity, less blood transfusion, faster recovery,
shorter hospital stay and lower cost. However the
evidence is short of proof.
To date six large randomised trial (150
patients) of on pump versus off pump surgery have been
completed and have shown no out come differences or
only small difference. Straka et al19 in their study of 400
non selected patients (mean age 63 years), found that
OPCAB patient had significantly fewer distal
anastomosis (2.3 verses 2.7). Less blood loss (560
verses 2.7) lower post operative creatinine kinase MB
(0.15 versus 0.56 microkat/L) and lower total hospital
cost. They concluded that an off pump technique is
applicable in 85% of non selected patient and is at loss
as clinically safe and effective as on pump surgery. The
study by Karolak et al20 is a trial of 300 selected good
risk patients (out of 933 eligible for randomisation). The
outcome were excellent for both groups, and no
significant difference in morbid events were noted,
including such end points as transfusion requirement,
Intubation time, intensive care time and hospital stay:
Buffalo and Gerola et al21, in their multi centre
preoperative study of 160 patient with lesion in LAD
alone or associated with the right coronary artery, did
not find any statistical difference on hospital mortality
and morbidity between the two myocardial
revascularisation techniques.21
In a single surgeon study Puskas et al22,23
recorded similar low mortality stroke rates for on pump
and off pump patients, but found the off pump groups
had lower transfusion rates and less enzyme release. A
randomized trial from UK documented lower hospital
stay and a decreased risk of atrial fibrillations and blood
transfusion for the off pump group but equivalent
mortality and stroke risk. Van Dijk et al24 randomised
28% low risk patients and found blood utilisation
slightly higher in the on pump group, as was enzyme
release follow up at 1 year after operation showed no
neurocognitive difference. The randomised trials that
exist have involved good risk patient, and have
documented low procedure related risk for both
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treatments. They have also shown equivalent
revascularisation rates in terms of mean number of
graphs performed per patient.
Other studies of on pump versus off pump
surgery have lacked randomised controls have included
different types of patients and have yielded different
conclusions. Al-Ruzzeh et al25 reviewed UK data base
from 1997–2001 and found significant difference in
mortality and neurological, pulmonary and renal
complications, all in favour of off pump surgery. A
report from the society of thoracic surgeons national
data base by Cleveland et al26 noted a decreased
neurological, renal, respiratory and bleeding
complications in their off pump group. Similarly Mack
et al27 in their retrospection analysis of all coronary
artery by pass grafting in a three year period in four
centres with off pump coronary surgery experience
showed that CPB was predictive of mortality in high
risk patients including re-operation, female patients and
patient aged 75 years, off pump coronary bypass
grafting on the other hand, was associated with less
mortality including significantly lower rate of blood
transfusion 32.6% versus 40.6%, stroke 1.4% versus
2%, renal failure 2.6% versus 5.2%, pulmonary
complications 4.1% versus 9.5%, re-operation 1.2%
versus 3.2% atrial fibrillation 21.1% versus 24.99% and
GIT complications 3.6% versus 4.8%.
All studies showed a non significant trend
towards arrhythmias after off pump surgery.28–32 One
hypothesizes that advantage in turns of risk of
arrhythmias after off pump surgery if present may be a
little, insufficient statistical power and further to adjust
for confounding factor may be reason for lack of
statistical
significance.
Controlled
randomised
investigation of off pump versus on pump coronary
surgery have inducted CPB plus cardioplegia arrest on
the main procedure of new onset arrhythmias. The
reduction in the likelihood of arrhythmias especially AF
after off pump surgery was more evident in the elderly
surgical candidates who are inherently more prone to
arrhythmias and in high risk individual with multiple
preoperative co- morbidities.
Finally in a comprehensive review and Meta
analysis of studies comparing off pump versus on pump
surgery it was confirmed that the off pump strategy
associated with a significantly decreased chances of
arrhythmias.

terms of new onset arrhythmias incidence, if the pump is
avoided.
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