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Abstract

Purpose Earlier we reported 3-month graft patency and clinical outcomes of prospective randomized comparison of off-pump
and on-pump multivessel coronary artery bypass surgery to evaluate outcomes and graft patency (PROMOTE patency) trial. We
now report major adverse cardiac and cerebrovascular events (MACCE) at 1 year of patients who underwent coronary artery
bypass grafting (CABG) using either off-pump technique or on-pump technique.

Methods The PROMOTE patency trial is a two-arm, prospective, randomized, multicentre trial, and enrolled 320 patients with
multivessel coronary artery disease from March 2016 through March 2017 at 6 centres and were randomly assigned to undergo
either off-pump CABG (OPCAB) (n =158 patients) or on-pump CABG (n =162 patients). The outcomes at 1 year were
assessed.

Results One mortality (0.64%) occurred in off-pump group (at 30 days) and 4 (2.48%) in on-pump group (1 at 30 days, 2 at
3 months, and 1 at 1 year) (p = 0.37). There was no difference between off-pump and on-pump groups in the outcomes of nonfatal
myocardial infarction (1 in off-pump and 2 in on-pump group, p = 1.00) and cerebrovascular accident (none in off-pump and 2 in
on-pump group, p = 0.49). Repeat revascularization was done in one patient in each group (p = 1.00).

Conclusion There was no significant difference in the incidence of MACCE between off-pump and on-pump CABG group at
1 year.

Keywords Coronary artery bypass grafting (CABG) - Major adverse cardiac and cerebrovascular events (MACCE)

Introduction CORONARY trial, and Taggart et al. [4] in Arterial

Revascularization Trial (ART) and ROOBY trial [5] which

The PROMOTE patency study results at 3 months reported on
graft patency and clinical outcomes [1]. The early outcomes of
PROMOTE patency trial are in concurrence with the results of
Diegeler et al. [2] in GOPCABE trial, Lamy et al. [3] in
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showed no significant difference in the rate of composite out-
come of death at 30 days.

However, 1-year outcomes of off-pump and on-pump
CABG are conflicting. ROOBY trial [6] reported higher rates
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of primary composite outcome at 1 year (death from any
cause, repeat revascularization, or nonfatal myocardial infarc-
tion) with off-pump when compared with on-pump CABG.
But CORONARY trial [7] reported no significant difference
between off-pump and on-pump CABG with respect to the
primary composite outcome and the rate of repeat revascular-
ization. In institutions with experience in off-pump CABG,
the rates of major adverse events and of complete revascular-
ization and graft patency have been similar to those with on-
pump CABG [8]. We performed extended study of
PROMOTE patency trial to compare the 1-year outcomes
with the two strategies of coronary revascularization.

Patients and methods

This prospective randomized comparison of off-pump and on-
pump multivessel coronary artery bypass surgery to evaluate
outcomes and graft patency (PROMOTE patency) was con-
ducted between March 2016 and March 2017. It was a two-
arm multicentre study and enrolled a total of 320 patients to
either on-pump (rn=162) or off-pump (n=158) CABG.
MACCE were recorded at 1 month (318 patients) and
3 months (316 patients) after surgery. In this study, the 1-
year outcomes were analysed (flowchart: Fig. 1).

The PROMOTE patency trial was registered in the Clinical
Trials Registry of India (CTRI/2017/10/010030). This trial
complies with the principles of the Declaration of Helsinki
and was approved by the institutional ethics committees of
participating institutions, and all patients signed an informed
consent.

Surgical technique

Premedication, anaesthetic protocols, and surgical access to
the heart were via a standard median sternotomy in all
patients, and conduit harvesting techniques and distal and
proximal anastomotic techniques were similar between the
groups as previously reported [9]. Off-pump and on-pump
techniques and the method of exposure and stabilization of
heart to perform distal coronary anastomoses were previously
described [9].

Definitions

The occurrence of MACCE was defined as death, myocardial
infarction (MI), or stroke at 1 year after CABG.
Cerebrovascular (CV) death: all deaths are considered cardio-
vascular unless a specific non-cardiovascular cause is evident
(e.g. malignancy). Stroke: new acute focal neurological deficit
(except for subarachnoid haemorrhage which may not be fo-
cal) thought to be of vascular origin with signs or symptoms
lasting greater than 24 h. MI perioperative (within 24 h of

surgery): new pathologic Q waves with documented new wall
motion abnormalities other than septal or cardiac markers =
10 x Unique Learner Number (ULN). MI non-perioperative
(later than 24 h after surgery): electrocardiogram (ECG)
changes consistent with infarction (new significant Q waves
in two contiguous leads in the absence of previous /left ven-
tricular hypertrophy (LVH) or conduction abnormalities) or
evolving ST segment to T wave changes in two contiguous
leads or new left bundle branch block or ST segment elevation
requiring thrombolysis or percutaneous coronary intervention
(PCI) and cardiac markers (troponins or creatinine kinase
myocardial band (CK-MB)) in the necrosis range. Carotid
artery stenosis: significant carotid artery stenosis is defined
as stenosis > 60% of internal carotid artery if it is bilateral
and more than 80% if it is unilateral and evaluated by duplex
ultrasound [10]. Repeat coronary revascularization: new
CABG procedure or PCI associated with documented ische-
mia by stress testing (ECG, Echo, or nuclear) and graft failure
or new culprit lesion = 70% luminal stenosis.

Follow-up

Follow-up was done at 1 year at the hospitals and by telephon-
ic contacts.

Statistical analysis

Primary analysis of the data was performed according to the
principle of “intention to treat”. Statistical analysis was
performed by the trial coordinating centre using software
SAS version 9.2. Continuous variables are expressed as me-
dian and mean =+ standard deviation. Categorical variables are
expressed as raw numbers and percentages. The differences
were analysed with a chi-square, Fisher exact test (if cell fre-
quency is less than 5), and two sample ¢ tests. The statistical
significance for all the tests was accepted at a probability level
<0.05. The odds ratios (ORs) and risk ratio (RRs) with 95%
confidence intervals (Cls) are reported for each group.
Cumulative event rates were estimated using Kaplan-Meier
analysis.

Study end points and power calculation

The primary objective of this study was to ascertain the non-
inferiority of off-pump CABG when compared with on-pump
CABG in terms of angiographically assessed graft patency at
3 months. The short-term primary endpoint was graft patency at
3 months. Hence, the required primary sample size of 310 patients
(155 patients in each arm) was determined based on graft patency
rates in order to detect a difference of 10% in patency rates be-
tween off-pump and on-pump CABG, with a power of 90%. The
short-term secondary end points were death, nonfatal cerebrovas-
cular stroke/accident (CVS/CVA), MI, and repeat
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Fig. 1 Study flowchart. CABG coronary artery bypass grafting, CAG conventional coronary angiograph, MDCT multidetector computed tomography

revascularisation at 30 days and 3 months postoperatively. At
3 months, cumulative combined MACCE in off-pump group
(0.63%) was significantly lower than on-pump group (5.55%),
p=0.01, with rates of 0.006 in off-pump group and 0.055 in
on-pump group [1].

The primary long-term end point was a composite of all-cause
mortality, cerebrovascular accident, or a nonfatal myocardial in-
farction (MACCE) at 1 year. Assuming the rates of cumulative
MACCE of 3 months as 0.006 in off-pump group and 0.055 in
on-pump with a 5% significance level, the power was detected for
the samples (156 in off-pump and161 in on-pump) at 1 year.

The study is adequately powered for the sample in both the
groups with a power of more than 80% to detect the difference
in the incidence of MACCE between the two groups at 1 year.
Testing comparison p = baseline p (versus <)
Calculating power for baseline p = 0.055

Comparison p Sample size Power
0.006 156 0.810777
0.006 161 0.821524
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Results

A total of 320 patients were enrolled and were randomly
assigned to undergo either off-pump CABG (n = 158 patients)
or on-pump CABG (n =162 patients). Of 320 patients, 318
patients (at 1 month) and 316 patients (at 3 months) survived
and were analysed for MACCE. Among the survivors, 239
(75.6%) patients (120 in off-pump group and 119 in on-pump
group) returned to graft evaluation and underwent graft imag-
ing [multidetector computed tomography (MDCT) in 190 pa-
tients and catheter conventional catheter coronary angiogra-
phy (CAG) in 49 patients] at 3 months.

Baseline demographic and clinical characteristics of both
groups did not significantly differ between both treatment
groups (Table 1). Using carotid duplex ultrasound, 245
(76.5%) patients underwent carotid artery evaluation. At 2 of
the centres, a total of 75 (23.43%) patients did not undergo
preoperative carotid artery screening as the centres do not
subject the patients for carotid evaluation routinely prior to
CABG. Of 245 patients, 123 (50.20%) patients underwent
off-pump technique, and 122 (49.79%) underwent on-pump
CABG. Carotid artery stenosis was observed in 1 (0.81%) in
oft-pump group and 1 (0.82%) in on-pump group (Table 1).
Of 320 patients, 3 patients lost to follow up at 1 year.
Cumulative analysis was performed on 317 patients (156 pa-
tients in off-pump CABG and 161 patients in on-pump
CABQG) to asses MACCE including mortality (5 patients),

nonfatal MI (3 patients), and cerebrovascular accident (2 pa-
tients) at 1 year. At 1 year, the adverse events occurred in 10
patients [1.28% (2 patients) in off-pump CABG and 4.97% (8
patients) in on-pump CABG), odds ratio 0.24, 95% CI, 0.005—
1.18, p=1.00 (Table 2)]. The rates of individual components
of MACCE did not differ significantly between the groups.

One mortality occurred in off-pump group (at 30 days) and 4
in on-pump group (1 at 30 days, 2 at 3 months, and 1 at 1 year).
There is no significant difference in mortality at 1 year between
off-pump and on-pump groups (off-pump 1; on-pump 4; odds
ratio 0.25, CI 0.02-2.29, p=0.37). There was no significant
difference between the groups in the outcome of nonfatal myo-
cardial infarction [0.64% (Ipatient) in off-pump and 1.24% (2
patients) in on-pump group, odds ratio 0.512, C10.04-5.71, p=
1.00] and cerebrovascular accident [0.00% in off-pump and
1.24% (2 patients) in on-pump group (p =0.49) (Table 2)].
Repeat revascularization was done in one patient in each group
(p=1.00). The survival curves show no significant difference
between the off-pump and on-pump groups (Fig. 2).

Discussion

PROMOTE patency trial is a unique randomized controlled
trial that studied the graft patency at 3 months as the primary
end point of off-pump and on-pump coronary artery bypass
graft surgery [1]. One-year outcomes of this study showed no

Table 1 Baseline variables

compared between off-pump and Variable Off pump CABG (n = 158) On-pump CABG (n=162) p value
on-pump CABG
Number % Number %
Age (in years) (mean + SD) 58.01£7.06 588+7.2 0.31
Sex Females 19 12.03 17 10.49 0.66
Males 139 87.97 145 89.51
Diabetes 87 55.06 100 61.73 0.22
Hypertension 108 68.35 102 62.96 0.31
Smoking 23 14.56 20 12.35 0.56
Dyslipidemia 93 58.86 90 55.56 0.55
Carotid artery stenosis > 60%* 1 0.81 0.82 1.00
Transient ischemic attacks 2 1.27 0 0.00 -
COPD* 2.53 2 1.23 0.44
Myocardial infarction 51 32.28 49 30.25 0.69
Left main disease 22 13.92 28 17.28 0.40
Prior PTCA 8 5.06 7 432 0.75

In off-pump CABG, conversion was done in 2 patients (1.27%)

*Fisher’s exact test was used

*Carotid artery stenosis evaluation done in 245 (76.5%) patients with carotid duplex ultrasound. Of 245 patients,
123 patients underwent off-pump technique, and 122 underwent on-pump CABG

CABG coronary artery bypass grafting, COPD chronic obstructive pulmonary disorder, CPB cardiopulmonary
bypass, /ABP intra-aortic balloon pump, NYHA New York Heart Association, PTCA percutaneous transluminal

coronary angioplasty
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Table 2 Cumulative frequency between off-pump and on-pump CABG at 1 year
Variables Technique of CABG Yes n (%) No n (%) Rate Risk ratio (95% CI) Odds Odds ratio p value
(no of patients) (no of patients) (95% CI)
Mortality Off-pump CABG 1 155 0.006 0.25 0.0065 0.25 0.37
317) (156) (0.64) (99.36) (0.02-2.28) (0.02-2.29)

On-pump CABG 4 157 0.024 0.0255

(161) (2.48) (97.52)
Nonfatal MI Off-pump CABG 1 155 0.006 0.51 (0.04-5.63) 0.0065 0.512 1.00
317) (156) (0.64) (99.36) (0.04-5.71)

On-pump CABG 2 159 0.012 0.012

(161) (1.24) (98.76)
CVA Off-pump CABG 0 156 0 0 0 0 0.49
317) (156) (0.00) (100.00) ) -)

On-pump CABG 2 159 0.012 0.012

(161) (1.24) (98.76)
Total MACCE Off-pump CABG 2 154 0.012 0.25 0.013 0.24 (0.005-1.18) 1.00
317) (156) (1.28) (98.72) (0.05-1.19)

On-pump CABG 8 153 0.049 0.052

(161) 4.97) (95.03)

CABG coronary artery bypass grafting, CI confidence interval, CVA cerebrovascular accident, MACCE major adverse cardiac and cerebrovascular events

(mortality, nonfatal MI, CVA)

significant difference in the outcomes between the off-pump
and on-pump CABG surgery. The study enrolled low-risk
population with EuroSCORE 1I less than 1, and the mean
age of the patient was 58 years with preserved left ventricular

Kaplan-Meier estimates of survival after surgery
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function. We are in concurrence with the clinical outcomes of
numerous prospective randomized trials [11-13] comparing
on-pump vs off-pump CABG which showed no differences
between the groups in low-risk populations.

Kaplan-Meier estimates of MACCE free survival after surgery
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Fig. 2 Kaplan-Meier estimates of survival after surgery. CVA cerebrovascular accident, M/ myocardial infarction, MACCE major adverse cardiac and

cerebrovascular events
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This study showed no significant difference in mortality
between off-pump (0.64) and on-pump groups (3.48) (p=
0.37) and aligned with the results of Angelini et al. [11] and
Nathoe et al. [12]. Angelini et al. conducted beating heart
against cardioplegic arrest studies (BHACAS 1 and 2) and
two single-centre prospective trials, with 400 patients random-
ized to on-pump or off-pump CABG. No significant differ-
ence in mortality was observed (0% for off-pump and 1% for
on-pump). At 2 years of follow-up for BHACAS 1 and over
1 year for BHACAS 2, mortality was 2% and 3%, respectively
[11]. Nathoe et al. also showed no significant difference in
mortality (1.4% on-pump and 1.4% in off-pump surgery,
p=0.98) [12].

The Octopus Study [13] is a multicentre randomized con-
trolled trial conducted in the Netherlands, which enrolled 281
low-risk CABG patients between 1998 and 2000. No statisti-
cally significant differences were observed between the on-
pump and off-pump groups in quality of life, stroke rate, or
all-cause mortality at 3 and 12 months. In the Octopus Study,
they found a trend toward better cognitive outcome 3 months
after off-pump surgery, but this difference disappeared at
12 months. Nathoe et al. [12] reported no difference in the
stroke rates between off-pump (0.7%) and on-pump CABG
(1.4%), p=0.55. In concurrence with these studies, the pres-
ent study also observed no significant difference in stroke rate
between off-pump (0.00%) and on-pump (1.24%) CABG,
p=0.49.

Okano et al. [14] analysed the National Health Insurance
Research Database, using data for patients between 18 and
45 years of age who had undergone isolated coronary artery
bypass between 2001 and 2011. A total of 344 patients re-
ceived off-pump surgery, and 741 patients received on-pump
surgery. One-year MACCE outcomes in terms of death, myo-
cardial infarction, and stroke were not different between the
groups. There is no significant difference in mortality between
off-pump (2.03%) and on-pump (1.62%). Nathoe et al. [12],
in a multicentre randomized study, concluded that in low-risk
patients, there was no difference in cardiac outcome at 1 year
between on-pump bypass and off-pump surgery. At 1 year, the
rate of freedom from death, stroke, myocardial infarction, and
coronary re-intervention was 90.6% after on-pump surgery
and 88.0% after off-pump surgery. In the present, the freedom
from death, stroke, and MI was 98.72% in off-pump surgery
and 95.03% in on-pump surgery. The low MACCE rates in
our study could be inclusion of very low-risk patients as evi-
denced by low EuroSCORES.

ROOBY trial [6] showed long-term (1 year) composite of
death, repeat revascularization, and nonfatal myocardial in-
fraction and was higher (9.9% vs. 7.4%, P=0.04) for the
off-pump group with no significant differences between the
individual composite components. The coronary artery bypass
grafting off- or on-Pump revascularization study [7] at 1 year
reported no difference in primary composite outcome of

death, myocardial infarction, stroke, or new renal failure re-
quiring dialysis. The primary outcome event had occurred in
288 participants (12.1%) in the off-pump group and 316 par-
ticipants (13.3%) in the on-pump group [hazard ratio (HR)
with the off-pump procedure, 0.91; 95% CI 0.77-1.07; p=
0.24] [4]. Even though composite outcomes of present study
were in concurrence with the results of ROOBY and
CORONARY trials in terms of difference between the groups,
they reported higher MACCE rates compared with our study
(4.97% in the on-pump group and 1.28% in the off-pump
group).

In this trial, the need for repeat revascularization up to
1 year is low as the index of completeness of revascularization
is 1. This study showed no significant difference in MACCE
between off-pump and on-pump technique at 1 year. The co-
hort of the patients will be followed up yearly for MAACE,
and angiographic graft evaluation at 5 years is contemplated.

Limitations

The sample size was primarily calculated for the graft patency
at 3 months, and data were collected prospectively. This ex-
tended study is observational in nature, and hence, a risk of
bias but the power is adequate to find the differences in
MACCE at 1 year. One-year follow-up was done at the hos-
pitals and by telephonic contacts. The telephonic follow-up
and low-risk population may result in lower rates of
MACCE. Therefore, the results cannot be extrapolated to
high-risk population.

Conclusions

There was no significant difference in the incidence of
MACCE (death, nonfatal MI, stroke, repeat revascularization)
at 1 year between the off-pump and on-pump groups.
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