European Journal of Cardio-Thoracic Surgery Advance Access published April 22, 2016

REVIEW

European Journal of Cardio-Thoracic Surgery (2016) 1–9
doi:10.1093/ejcts/ezw129

On-pump beating-heart technique is associated with lower
morbidity and mortality following coronary artery
bypass grafting: a meta-analysis†
Chikara Ueki*, Genichi Sakaguchi, Takehide Akimoto, Yuko Ohashi and Hirofumi Sato
Department of Cardiovascular Surgery, Shizuoka General Hospital, Shizuoka, Japan
* Corresponding author. Department of Cardiovascular Surgery, Shizuoka General Hospital, 4-27-1 Kita Ando Aoi-ku, Shizuoka 420-8527, Japan.
Tel: +81-54-2476111; fax: +81-54-2476140; e-mail: uekichikara@gmail.com (C. Ueki).
Received 12 October 2015; received in revised form 13 February 2016; accepted 8 March 2016

Summary
A hybrid procedure of beating-heart coronary artery bypass grafting (CABG) with the concomitant use of cardiopulmonary bypass termed
on-pump beating-heart CABG (ON-BH CABG) has emerged as an alternative for high-risk patient populations. Although several studies
have reported the advantage of ON-BH CABG in high-risk patients, the clinical beneﬁt of ON-BH CABG is still under discussion. Here, we
performed a meta-analysis of the data derived from published studies comparing the clinical outcomes of ON-BH CABG with that of conventional arrested heart CABG. Medline, Embase and Scopus databases were searched for relevant publications up to March 2015. A systematic review of the published literature identiﬁed 14 published studies incorporating 2040 patients (884 ON-BH CABG and 1156
conventional CABG). Odds ratios (ORs) for binary variables or weighted mean difference for continuous variables were combined using
the inverse variance method in a ﬁxed-effects model. Study heterogeneity was tested using Cochran’s Q test and the publication bias was
assessed using Begg’s and Egger’s tests. The ﬁxed-effects meta-analysis for early mortality showed that ON-BH CABG provided a 45% lower
risk of early mortality compared with conventional CABG (OR 0.553; 95% conﬁdence interval [CI] 0.376–0.815; P = 0.003). There was
minimal heterogeneity in the included studies (P = 0.29) and no evidence of signiﬁcant publication bias. A sensitivity analysis, including a
random-effects meta-analysis (OR 0.552; 95% CI 0.356–0.856; P = 0.008) and a one-study-removed meta-analysis, supported the validity of
the primary analysis for early mortality. There was signiﬁcantly lower perioperative morbidity associated with ON-BH CABG, including
myocardial infarction (OR 0.294; 95% CI 0.141–0.613; P = 0.001), renal failure (OR 0.362; 95% CI 0.209–0.626; P < 0. 001) and low output
syndrome (OR 0.330; 95% CI 0.197–0.551; P < 0.001) with no signiﬁcant heterogeneity. In conclusion, current evidence from comparative
studies indicates that ON-BH CABG is associated with signiﬁcantly lower early morbidity and mortality. The ON-BH CABG could be an attractive planned alternative for high-risk patient populations.
Keywords: Coronary artery bypass graft • On pump • Beating heart • Meta-analysis

INTRODUCTION
The use of less invasive surgery is an important factor in the improvement of clinical outcome following coronary artery bypass
grafting (CABG) surgery, especially in the high-risk patient population. Off-pump beating-heart CABG (OPCAB) is a less invasive
procedure by eliminating cardiopulmonary bypass (CPB) and
avoiding cardioplegic cardiac arrest. Recent large observational
studies comparing OPCAB and on-pump CABG have shown that
OPCAB is associated with signiﬁcantly lower morbidity and mortality, especially in patients with a higher predicted clinical risk,
low ejection fraction (EF) or impaired renal function [1–3]. In 2012,
61.4% of isolated CABG procedures in Japan were performed by
the off-pump technique, with the conversion rate from OPCAB to
†
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on-pump CABG of 2.1% [4]. However, especially in the high-risk
population, OPCAB has a potential risk of unplanned conversion
to on-pump CABG during surgery and unplanned conversion is
associated with high morbidity and mortality [5]. Keeling et al. [2]
reported that 5.2% of OPCAB patients with a low EF underwent
unplanned conversion to on-pump CABG, and their in-hospital
mortality rate was 9.3%. Thus, the recent 2014 ESC/EACTS guidelines on myocardial revascularization state that OPCAB should be
considered for subgroups of high-risk patients in high-volume
off-pump centres (Class IIa) [6]. A hybrid procedure of beatingheart CABG with the concomitant use of CPB termed on-pump
beating-heart CABG (ON-BH CABG) has emerged as an attractive
alternative for those high-risk patient populations.
Previous studies have reported the clinical beneﬁt of ON-BH
CABG in high-risk patients [7, 8]. Edgerton et al. [7] compared
ON-BH CABG and conventional CABG and reported that, in spite
of signiﬁcantly higher predicted risk of mortality in patients
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selected for ON-BH CABG, observed : expected mortality ratios
showed no difference between two groups. Furthermore,
Mizutani et al. [8], in their comparison of ON-BH CABG and conventional CABG using 114 propensity score-matched pairs,
reported that ON-BH CABG was associated with a signiﬁcantly
lower in-hospital mortality. However, most previously reported
studies have included relatively small numbers of patients and the
clinical beneﬁt of ON-BH CABG is still under discussion.
The aim of this study was to assess the impact of ON-BH CABG
on early patient morbidity and mortality following CABG by performing a meta-analysis of data derived from published studies
comparing ON-BH CABG with conventional arrested heart CABG.

MATERIALS AND METHODS
To identify all studies comparing ON-BH CABG with conventional
CABG, the MEDLINE (PubMed), Embase (OVID Interface) and
SCOPUS databases were searched for relevant publications up to
March 2015. The following keywords were used in the search:
‘coronary artery bypass’, ‘CABG’, ‘beating-heart’, ‘cardiopulmonary
bypass’, ‘on-pump’ and ‘cardioplegia’. Published studies that satisﬁed the following criteria were included in this meta-analysis:
(i) comparing ON-BH versus conventional CABG; (ii) reporting at
least one of the major clinical outcomes (early mortality, stroke,
myocardial infarction and renal failure requiring haemodialysis);
(iii) performing ON-BH CABG on more than 20% of patients
undergoing on-pump CABG and (iv) publications in the English
language. Conventional CABG was deﬁned as CABG performed
with the use of CPB and cardioplegic cardiac arrest. If the same
group had reported multiple studies, only the most recent and most
comprehensive publication within the group was included. We
inspected the references of all studies and performed a manual
search using Google Scholar to identify any overlooked studies.
Data regarding detailed patient characteristics and clinical outcomes were abstracted from each study. Continuous variables that
were not presented as the mean and standard deviation were
excluded from the analysis. In studies reporting clinical outcomes
in each subgroup separately, the data were extracted and analysed
separately. Odds ratios (ORs) for binary variables or weighted
mean difference (WMD) for continuous variables were combined
using the inverse variance method in the ﬁxed-effects model. If
statistically signiﬁcant heterogeneity among included studies was
found, a pooled analysis using a random-effects model was also
performed to assess the sensitivity of primary meta-analysis.
Heterogeneity among included studies was tested by using the
Cochran’s Q test, with the signiﬁcance level set at a P-value of
<0.10, and was quantiﬁed by using the I 2 statistic, where a value of
50% or greater indicated substantial heterogeneity. The publication bias was assessed by using the Begg’s and Egger’s tests with
the signiﬁcance level set at a P-value of <0.05. All analyses were
conducted using comprehensive meta-analysis (CMA) software
version 2 (Biostat, Englewood, NJ, USA).

RESULTS
Our search identiﬁed 18 studies [7–24] that compared clinical outcomes of ON-BH CABG and conventional CABG and met our
inclusion criteria. One comparative study was excluded [23] as inclusive data from the same institution were found [9]. One study investigated only patients who developed perioperative myocardial
infarction after ON-BH CABG or conventional CABG and, therefore,

it was excluded [24]. Two studies were also excluded because
ON-BH CABG was performed on <20% of patients undergoing
on-pump CABG in these two studies [7, 18]. Finally, our
meta-analysis included 14 studies [8–17, 19–22] with 2040 patients
undergoing CABG: 884 with ON-BH CABG and 1156 with conventional CABG. The main characteristics of the studies included are
illustrated in Table 1. Eight studies focused on high-risk patients;
two studies focused on patients with acute coronary syndrome
[8, 12], two studies focused on haemodialysis patients [19, 20], two
studies focused on patients with low EF [9, 21], one study focused
on patients with a high-risk EuroSCORE [16] and one study included
patients with one of the following risk factors: severe left main coronary artery stenosis, early post-acute myocardial infarction with
ongoing chest pain, unstable angina, intractable ventricular arrhythmia, complicated post-coronary intervention and severe left ventricular dysfunction [22]. The ORs for early morbidity and mortality
in patients undergoing ON-BH versus conventional CABG are listed
in Table 2.

Early mortality
A total of 2040 patients were included from 14 studies [8–17, 19–22],
which reported data on early mortality. After removing one study
with no events in two groups [17], 1959 patients from 13 studies
were included in this meta-analysis [8–16, 19–22]. A pooled analysis demonstrated that ON-BH CABG was associated with a statistically signiﬁcant 45% lower rate of early mortality in the
ﬁxed-effects model (OR 0.553; 95% conﬁdence interval [CI] 0.373–
0.815; P = 0.003; Fig. 1). No signiﬁcant heterogeneity was observed
in included studies (Cochran’s Q test = 14.18, I 2 = 15.37%, P = 0.29)
and, consequently, there was little difference in the pooled results
from random-effects modelling (OR 0.552; 95% CI 0.356–0.856;
P = 0.008). Furthermore, a one-study-removed meta-analysis showed
that this positive effect of ON-BH CABG was robust even if any single
study was removed from the meta-analysis. Begg’s and Egger’s tests
showed no signiﬁcant potential publication bias in the studies (Begg’s
test, P = 0.58; Egger’s test, P = 0.64).

Stroke
A total of 1528 patients were included from 10 studies [8–11,
13–16, 19, 21], which reported the incidence of stroke. There was
no signiﬁcant difference between the two techniques in the incidence of stroke (OR 0.638; 95% CI 0.380–1.072; P = 0.089; Fig. 2).
No signiﬁcant heterogeneity was observed in included studies
(Cochran’s Q test = 3.71, I 2 = 0%, P = 0.93). Begg’s and Egger’s tests
showed no signiﬁcant potential publication bias in studies (Begg’s
test, P = 0.37; Egger’s test, P = 0.083).

Postoperative myocardial infarction
A total of 864 patients were included from six studies [9–11, 16, 17,
21], which reported the incidence of postoperative myocardial
infarction. The incidence of postoperative myocardial infarction
was signiﬁcantly lower in ON-BH CABG when compared with
conventional CABG in the ﬁxed-effects model (OR 0.294; 95% CI
0.141–0.613; P = 0.001; Fig. 3A). No signiﬁcant heterogeneity was
observed in included studies (Cochran’s Q test = 2.38, I 2 = 0%,
P = 0.80). Begg’s and Egger’s tests showed no signiﬁcant potential
publication bias within studies (Begg’s test, P = 0.71; Egger’s test,
P = 0.94).
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Table 1: Study design and patient characteristics
Study population

Prifti, 2000 [9]
Kim, 2001 [10]
Uva, 2004 [11]
Izumi, 2006 [12]
Mizutani, 2007 [8]
Sabban, 2007 [13]
Pegg, 2008 [14]
Lin, 2010 [15]
Munos, 2011[16]
Narayan, 2011 [17]
Tsai, 2012 [19]
Takami, 2012 [20]
Erkut, 2013 [21]
Afrasiabirad, 2015 [22]

Low EF

ACS (AMI)

High EuroSCORE
HD
HD
Low EF
High risk

Study type

RO
RO
RO
RO
RO, PS matching
RO
Randomized trial
RO
RO
Randomized trial
RO
RO
RO
RO, PS matching

EF (%)

Prifti, 2000 [9]
Kim, 2001 [10]
Uva, 2004 [11]
Izumi, 2006 [12]
Mizutani, 2007 [8]
Sabban, 2007 [13]
Pegg, 2008 [14]
Lin, 2010 [15]
Munos, 2011 [16]
Narayan, 2011 [17]
Tsai, 2012 [19]
Takami, 2012 [20]
Erkut, 2013 [21]
Afrasiabirad, 2015 [22]

Number of patients

Age (year)

ON-BH

C-CABG

ON-BH

107
19
47
15
114
33
25
132
51
40
48
31
65
157

191
65
66
16
114
73
25
99
106
41
82
55
66
157

C-CABG

65.8
59
66.2
65.5
66.0
63.8
68
64
72.9
65
68.3
63
68.1
56.8

Male (%)

64.1
63
66.2
66.4
64.5
59.1
64
64
75.2
67
63.6
65.3
57.2

Urgent/emergent (%)

ON-BH

C-CABG

ON-BH

C-CABG

ON-BH

C-CABG

24.8
47
<50, 25.5%
NR
50.2
40.1
39
54
35.0
≤50, 33%
40.9
54
27.7
38

26.2
56
<50, 19.6%
NR
53.9
46.6
39
53
40.5
≤50, 20%
45.1

64.5
63.2
76.6
80.0
77.2
NR
88
75
68
83
64.6
77
50.8
74.4

73.3
70.8
69.7
68.8
82.5
NR
100
64
69
78
60.9

NR
31.6
NR
100
56.1
15.2
44
4
45
40
27.1
20
NR
NR

NR
33.9
NR
100
56.1
17.8
28
9
45
49
24.4

26.6
34

60.7
75.6

NR
NR

ACS: acute coronary syndrome; AMI: acute myocardial infarction; C-CABG: conventional coronary artery bypass grafting; EF: ejection fraction;
HD: haemodialysis; NR: not reported; ON-BH: on-pump beating-heart; PS: propensity score; RO: retrospective observational study.

Table 2: Fixed-effects meta-analysis of clinical outcomes
Clinical outcome

Number of studies

Number of patients

OR/WMD [95% CI]

P-value

Heterogeneity
I 2, P-value

Mortality
Stroke
Myocardial infarction
Renal failure needing HD
Low output syndrome
Reoperation for bleeding
Mediastinitis
Atrial fibrillation
Prolonged ventilation
No. of distal anastomosis
Incomplete revascularization

13
10
6
6
5
6
5
4
3
9
5

1959
1528
864
1076
800
1031
998
579
675
1604
877

0.553 [0.376–0.815]
0.638 [0.380–1.072]
0.294 [0.141–0.613]
0.362 [0.209–0.626]
0.330 [0.197–0.551]
0.532 [0.304–0.932]
0.676 [0.307–1.491]
1.511 [0.994–2.298]
0.527 [0.354–0.786]
−0.064 [−0.128–0.001]
2.437 [1.611–3.687]

0.003
0.089
0.001
<0.001
<0.001
0.027
0.33
0.054
0.002
0.053
<0.001

I 2 = 15.37, P = 0.29
I 2 = 0, P = 0.93
I 2 = 0, P = 0.80
I 2 = 7.20, P = 0.37
I 2 = 0, P = 0.87
I 2 = 0, P = 0.90
I 2 = 0, P = 0.87
I 2 = 61.63, P = 0.05
I 2 = 0, P = 0.63
I 2 = 89.62, P < 0.001
I 2 = 61.57, P = 0.034

CI: confidence interval; HD: haemodialysis; OR: odds ratio; WMD: weighted mean difference.

Renal failure requiring haemodialysis
A total of 1076 patients were included from eight studies [8, 9, 12,
15, 16, 21], which reported the incidence of postoperative renal
failure requiring haemodialysis. The incidence of renal failure

was signiﬁcantly lower in the ON-BH CABG group than in the conventional CABG in the ﬁxed-effects model (OR 0.362; 95% CI
0.209–0.626; P < 0.001; Fig. 3B). No signiﬁcant heterogeneity was
observed in included studies (Cochrane Q = 5.39, I 2 = 7.20%,
P = 0.37). Begg’s and Egger’s tests showed no signiﬁcant potential
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Figure 1: Forest plot of the odds ratios for early mortality in patients undergoing on-pump beating-heart versus conventional coronary artery bypass grafting.
CI: conﬁdence interval; ON-BH: on-pump beating-heart.

Figure 2: Forest plot of the odds ratios for stroke in patients undergoing on-pump beating-heart versus conventional coronary artery bypass grafting. CI: conﬁdence
interval; ON-BH: on-pump beating-heart.

publication bias within studies (Begg’s test, P = 0.26; Egger’s test,
P = 0.17).

test = 1.26, I 2 = 0%, P = 0.87). Begg’s and Egger’s tests showed no
signiﬁcant potential publication bias within studies (Begg’s test,
P = 1.00; Egger’s test, P = 0.50).

Low output syndrome
Other complications
A total of 800 patients were included from six studies [9, 10, 16, 19, 21],
which reported the incidence of low output syndrome (LOS). The
incidence of LOS was signiﬁcantly lower in ON-BH CABG when
compared with conventional CABG in the ﬁxed-effects model (OR
0.330; 95% CI 0.197–0.551; P < 0.001; Fig. 3C). No signiﬁcant
heterogeneity was observed in included studies (Cochran’s Q

There was no signiﬁcant difference between the two techniques in
the incidence of mediastinitis (ﬁve studies [8–10, 15, 16], ﬁxed-effects
OR 0.676; 95% CI 0.307–1.491; P = 0.33) and postoperative atrial ﬁbrillation (four studies [8, 11, 16, 17], ﬁxed-effects OR 1.511; 95%
CI 0.994–2.298; P = 0.054). The ON-BH CABG technique was
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Figure 3: Forest plots of odds ratios for postoperative morbidity in patients undergoing on-pump beating-heart versus conventional coronary artery bypass grafting.
(A) Myocardial infarction, (B) renal failure requiring haemodialysis, (C) low output syndrome (LOS). CI: conﬁdence interval; ON-BH: on-pump beating-heart.

associated with signiﬁcantly lower incidence of prolonged
ventilation in the ﬁxed-effects model (three studies [15, 19, 22], OR
0.527; 95% CI 0.354–0.786; P = 0.002, Q test = 0.94, I 2 = 0%, P for

heterogeneity = 0.63) and reoperation for bleeding (six studies
[9, 10, 15, 16, 19, 21], ﬁxed-effects OR 0.532; 95% CI 0.304–0.932;
P = 0.027, Q test = 1.61, I 2 = 0%, P for heterogeneity = 0.90).
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Number of distal anastomoses and incomplete
revascularization
The meta-analysis of nine studies that reported the number of
distal anastomoses [8–10, 12, 15, 16, 19, 21, 22] showed that the
ON-BH CABG technique was not associated with a signiﬁcantly
lower number of distal anastomoses (in ﬁxed-effects model WMD
−0.064, 95% CI −0.128 to 0.001, P = 0.053; in the random-effects
model WMD −0.118, 95% CI −0.341 to 0.105, P = 0.30; Fig. 4A).
There was signiﬁcant heterogeneity within studies (Cochran’s Q
test = 77.10, I 2 = 89.62%, P < 0.001). To evaluate the sensitivity of

this meta-analysis, a one-study-removed meta-analysis was performed. The analysis showed that several studies [8, 9, 15] had a
strong inﬂuence on the overall result of the meta-analysis (Fig. 4B).
Five studies reported the incidence of incomplete revascularization [8, 15, 16, 19, 21]. The incidence of incomplete revascularization was signiﬁcantly greater in the ON-BH CABG group when
compared with conventional CABG in the ﬁxed-effects model (OR
2.437; 95% CI 1.611–3.687; P < 0.001; Fig. 5A). However, signiﬁcant
heterogeneity was observed in included studies (Cochran’s Q
test = 10.41, I 2 = 61.57%, P = 0.034) and, in the random-effects
model, there was no signiﬁcant difference in the incidence of

Figure 4: Weighted mean difference in the number of distal anastomoses in patients undergoing on-pump beating-heart versus conventional coronary artery bypass
grafting. (A) Forest plot of the weighted mean difference in both ﬁxed- and random-effects models. (B) One-study-removed meta-analysis. CI: conﬁdence interval;
ON-BH: on-pump beating-heart.
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Figure 5: Meta-analysis for the incidence of incomplete revascularization in patients undergoing on-pump beating-heart versus conventional coronary artery bypass
grafting. (A) Forest plot of the odds ratio in both ﬁxed- and random-effects models. (B) One-study-removed meta-analysis. CI: conﬁdence interval; ON-BH: on-pump
beating-heart.

incomplete revascularization (OR 1.768; 95% CI 0.815–3.836;
P = 0.15). The one-study-removed meta-analysis showed that
there was one study that reported a very high incidence of incomplete revascularization in the ON-BH CABG group [8] and had a
strong inﬂuence on the overall result of the meta-analysis (Fig. 5B).

DISCUSSION
This study has shown that an on-pump beating-heart technique
provides a signiﬁcantly lower early morbidity and mortality than
conventional arrested heart CABG. In addition, meta-analysis and
additional sensitivity analysis have shown that ON-BH CABG
involves slightly fewer distal anastomoses, but does not result in a
signiﬁcantly higher incidence of incomplete revascularization.
The ﬁxed-effects meta-analysis for early mortality showed that the
risk of early mortality was 45% lower with ON-BH CABG than with
conventional CABG (OR 0.553; 95% CI 0.376–0.815; P = 0.003). There
was minimal heterogeneity in the included studies (I 2 = 15.37%,

P = 0.29) and no evidence for signiﬁcant potential publication bias.
Also, sensitivity analysis, including random-effects meta-analysis (OR
0.552; 95% CI 0.356–0.856; P = 0.008), and a one-study-removed
meta-analysis support the validity of the primary analysis for early
mortality. Among the included studies, seven studies focused on
high-risk populations (patients with low EF, patients with acute
coronary syndrome, patients on chronic haemodialysis and patients
with other risk factors) [9, 12, 16, 19–22] and another three studies
included many emergency patients (40–65.9%) [8, 14, 17].
Consequently, the meta-analysis data demonstrate the clinical
beneﬁt of ON-BH CABG particularly in high-risk patients.
Our analysis has also revealed that ON-BH CABG is associated
with signiﬁcantly lower perioperative morbidity. There was a signiﬁcantly lower incidence of perioperative LOS and myocardial infarction in the ON-BH CABG group. By avoiding cardioplegic
cardiac arrest and preserving native coronary artery blood ﬂow,
the ON-BH CABG technique could prevent global myocardial ischaemia and reduce myocardial injury [25]. However, to facilitate
this advantage of ON-BH CABG, we have to understand the pitfalls
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of this technique. Pegg et al. [14] have reported a higher incidence
of irreversible myocardial injury in ON-BH CABG compared with
conventional CABG. This result might be explained by the relatively low mean arterial pressure (50–60 mmHg) during ON-BH CABG
in their series [14] because another study, with higher mean arterial pressures (70–80 mmHg), reported no signiﬁcant difference in
myocardial injury [17]. Comparison of these two studies may
suggest that maintaining a high mean arterial pressure is important in achieving improved myocardial perfusion during ON-BH
CABG. Also, Mizutani et al. [8] reported that left ventricular venting
was associated with high mortality and a high incidence of LOS in
their early series. Maintaining adequate cardiac output and systemic perfusion pressure is, therefore, important in preserving cardiac
function. ON-BH CABG is more technically demanding than conventional CABG. Therefore, the difference in experience of surgeons should be considered in the comparison of incidence of
perioperative morbidity. Fabricius et al. [26], in their study performing routine control angiography for patients with perioperative
myocardial ischaemia, reported that the majority of perioperative
ischaemia was explained by pathomorphological ﬁndings, such as
incorrect anastomosis, graft stenosis and incomplete revascularization. Thus, the difference in the experience of surgeons should be
considered especially in the interpretation of the difference of perioperative myocardial infarction between the two techniques.
In this study, the incidence of prolonged ventilation was signiﬁcantly lower in patients in the ON-BH CABG group. Massoudy
et al. [27] reported that the continuous perfusion of the lungs with
the Drew technique of bilateral extracorporeal circulation signiﬁcantly reduced the inﬂammatory responses from the pulmonary
vascular bed. Taking this evidence into consideration, the
improved pulmonary function after ON-BH CABG might be
explained by the continuous perfusion of the lungs during CPB.
Our analysis has also shown that ON-BH CABG can have a signiﬁcant renoprotective effect. A previously published meta-analysis
that included 22 randomized controlled trials reported a signiﬁcantly lower incidence of postoperative acute renal injury in
off-pump CABG compared with on-pump CABG [28]. In the
present study, although ON-BH CABG was performed with CPB
support, the incidence of renal failure resulting in haemodialysis
was signiﬁcantly lower in the ON-BH CABG group. This ﬁnding may
be explained by the renoprotective effect of the preserved systemic
perfusion and pulsatility in the ON-BH CABG group.
There has been concern that the ON-BH CABG technique may
make it difﬁcult to achieve complete cardiac revascularization.
The present study shows that the ON-BH CABG group is not associated with signiﬁcantly fewer distal anastomoses (WMD −0.064,
95% CI −0.128 to 0.001, P = 0.053 in ﬁxed-effects model; WMD
−0.118, 95% CI −0.341 to 0.105, P = 0.30 in random-effects
model). However, there was signiﬁcant heterogeneity in the
included studies, and a one-study-removed meta-analysis suggests that data from a single study, within several studies, may
affect the overall result of the meta-analysis. Therefore, the result
of this analysis of numbers of distal anastomoses should be interpreted with care. Our ﬁxed-effects meta-analysis for the incidence
of incomplete revascularization showed a signiﬁcantly greater risk
of incomplete revascularization in the ON-BH CABG group (OR
2.437; 95% CI 1.611–3.687; P < 0.001). However, this analysis
showed that signiﬁcant heterogeneity among included studies and
the higher risk of incomplete revascularization in the ON-BH CABG
group could not be conﬁrmed in the random-effects model (OR
1.768; 95% CI 0.815–3.836; P = 0.15). Our sensitivity analysis with a
one-study-removed meta-analysis revealed that the one study

reported by Mizutani et al. [8] had a strong effect on the overall
result of the ﬁxed-effects meta-analysis. Mizutani et al. [8] reported
that in their early series, the culprit lesion and jeopardized coronary
vessel tended to be especially targeted in an emergency setting to
reduce surgical intervention, and that the rate of complete revascularization in their later series was much greater. In summary, the
current evidence derived from our meta-analysis has not indicated
that the ON-BH CABG procedure has an adverse effect on the rate
of complete cardiac revascularization.
Recent meta-analysis data have been published that do not
support our ﬁndings regarding the survival beneﬁts of ON-BH
CABG [29]. Between the present study and the previous study by
Chaudhry et al. [29], there are several differences in study design,
which may account for the differences in the study ﬁndings. First,
we excluded two studies [7, 18], in which ON-BH CABG was performed on <20% of patients undergoing on-pump CABG, because
the huge difference between the two groups would make any comparison difﬁcult. Secondly, although the previous study included
reports in non-English languages [29], our study focused on English
reports. Studies published in languages other than English tend to be
more difﬁcult to locate, which would make it more difﬁcult to complete a comprehensive literature review. Even when limiting searches
to English reports, it is still challenging to complete a systematic
review. In fact, the meta-analysis by Chaudhry failed to include a
study reported by Lin et al. [15]. Thirdly, the previous meta-analysis
includes an inappropriate article investigating only patients who had
developed postoperative myocardial infarction [24]. We therefore
believe that, at the present time, we have conducted the most extensive and detailed systematic review and meta-analysis of this important cardiac surgical procedure and its early outcomes.
Several limitations exist concerning the present study. First, our
analysis included data from observational studies, which have the
potential for observer bias. Most of the included studies did not
adopt risk-adjustment methods, such as randomization or propensity score matching. Although our sensitivity analyses did not
overturn the results of the initial meta-analysis for early patient
mortality, the results of this meta-analysis should still be interpreted carefully. Secondly, the present study focuses only on the
early patient morbidity and mortality. Consequently, the longterm effect of slightly fewer distal anastomoses in the ON-BH
CABG group was not assessed. Further studies are required to
assess the effects of the ON-BH CABG technique on long-term
clinical outcomes. Finally, the results of the present study may be
inﬂuenced by publication bias in favour of the ON-BH CABG technique although the statistical tests for publication bias showed no
signiﬁcant evidence of this.
In conclusion, current evidence from comparative studies
between ON-BH CABG and conventional CABG indicates that early
morbidity and mortality are signiﬁcantly lower with the ON-BH
CABG technique, particularly in high-risk patient populations. The
ON-BH CABG could be an attractive planned alternative for highrisk patient populations who are at higher risk of unplanned conversion from off-pump to on-pump CABG.
Conﬂict of interest: none declared.
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