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Background Hybrid coronary revascularization (HCR) and
off-pump coronary artery bypass grafting (OPCABG) are
both feasible, less invasive techniques for coronary
revascularization. Although both techniques utilize the left
internal mammary artery to left anterior descending artery
graft, HCR uses drug-eluting stents instead of saphenous
vein bypass. It remains unclear whether HCR is equal to,
better or worse than OPCABG.

Methods and results A meta-analysis was carried out
using a random-effects model. Seven observational studies
were included. There was no significant difference either in
in-hospital mortality [relative risk (RR) 0.57, 95% confidence
interval (CI) 0.13–2.59, P= 0.47] or in the MACCE rate (RR
0.63, 95% CI 0.24–1.64, P= 0.34) between the HCR group
and the OPCABG group. A significant difference was
observed between the two groups in the length of
hospitalization (RR 0.55, 95% CI 0.13–0.97, P= 0.01), length
of ICU stay (RR 0.45, 95% CI 0.10–0.80, P< 0.05), intubation
time (RR 0.48, 95% CI 0.13–0.84, P< 0.01), need for red
blood transfusion (RR 0.67, 95% CI 0.56–0.82, P< 0.001),

and total in-hospital costs (RR 0.90, 95% CI 0.39–1.42,
P< 0.01).

Conclusion Compared with OPCABG, HCR did not
improve early survival but decreased the length of
hospitalization, length of ICU stay, intubation time, and need
for red blood transfusion, and increased total in-hospital
costs. Coron Artery Dis 26:526–534 Copyright © 2015
Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Coronary artery bypass grafting (CABG) is considered to

be the ‘gold standard’ in patients with multivessel dis-

ease and/or left main coronary artery disease [1].

However, whether the procedure should be performed

with or without the use of cardiopulmonary bypass,

referred to as off-pump and on-pump CABG, remains a

matter of debate. Compared with on-pump CABG, off-

pump CABG (OPCABG) has been suggested to lead to

lower incidences of transient atrial fibrillation (AF), less

requirements for red blood transfusion, shorter ventila-

tion time [2], shorter length of ICU stay and hospitali-

zation, and fewer perioperative complications, especially

in elderly patients with severe comorbidities [3–5].

A meta-analysis [6] of almost 9000 patients from 59

randomized-controlled trials (RCTs) showed no sig-

nificant difference between OPCABG and on-pump

CABG in postoperative mortality and myocardial infarc-

tion (MI). Several studies have also reported comparable

mid-term and long-term survival between these two

patient populations [4,7–12]. More recently, the largest

(enrolling 4752 patients) RCT, known as the

CORONARY trial (CABG Off or On Pump

Revascularization Study) [13], also found no significant

difference in the incidence of the composite adverse

events (death, nonfatal stroke, nonfatal MI, or nonfatal

new renal failure requiring dialysis) at 1 year between off-

pump and on-pump CABG. However, in contrast to most

previous RCTs, the CORONARY trial found no sig-

nificant increase in the incidence of repeat revascular-

ization for OPCABG at 1 year. The most likely

explanation for the differences between the findings of

the CORONARY trial and previous trials reporting

inferior outcomes for OPCABG is that the CORONARY

trial not only enrolled far greater number of patients, but

importantly, also recruited surgeons with a far higher

level of expertise in off-pump surgery.

Hybrid coronary revascularization (HCR) represents an

alternative strategy through a minimally traumatic

approach that combines the reliability and survival

advantage of the left internal mammary artery to left

anterior descending artery (LIMA–LAD) graft with a less
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invasive percutaneous coronary intervention (PCI) using

drug-eluting stents (DESs) to treat non-LAD vessels. On

the one hand, the 5-year patency rates of the LIMA–LAD

were reported to be between 92 and 99%, whereas the

10-year patency rates approached 95–98% [14–16]; on the

other hand, a head-to-head comparison of a sirolimus-

eluting stent with bare stent from RCTs showed freedom

from target lesion revascularization using DES at 1, 3, and

5 years, with patency rates of 99, 93.8, and 89.7%,

respectively [17]. Essentially, stents are substituted for

saphenous vein grafts for non-LAD lesions, allowing the

LIMA–LAD bypass to be performed through a limited

and less traumatic approach. Therefore, HCR potentially

offers the ‘best of both worlds’.

Several controlled studies have compared the safety,

feasibility, and efficacy of HCR with OPCABG [18–24].

We pooled data from these studies and compared the

clinical outcomes in patients treated with HCR versus

those with OPCABG.

Methods
Study eligibility and search strategy
A systematic search of the PubMed, Embase, and

CENTRAL databases was performed. The following key-

words were used in various combinations: ‘coronary artery

disease’, ‘angioplasty, balloon, coronary’, ‘multivessel coronary

artery disease’, ‘minimally invasive coronary artery bypass’,

‘off-pump’, ‘coronary artery bypass grafting (CABG)’, ‘percu-

taneous coronary intervention (PCI)’, ‘hybrid coronary revas-

cularization (HCR)’, and ‘clinical trial’, ‘randomized’. The

search was limited to English-language articles published

since 1996 (hybrid revascularization strategy was first intro-

duced in 1996). We hand-searched references of retrieved

articles and used PubMed’s related articles feature to identify

studies not captured by our primary search strategy.

Inclusion criteria were (a) RCT, observational cohort

studies, and prespecified subgroup analyses comparing

HCR with OPCABG, (b) availability of complete clinical

data, and (c) at least 10 study participants. Exclusion

criteria were (a) duplicate reports failing to report addi-

tional or extended clinical outcomes and (b) ongoing

studies or irretrievable data.

Data extraction and validity assessment
Two investigators (F.-B. Hu and L.-Q. Cui) indepen-

dently performed the literature searches to identify the

relevant studies. Information on study and patient char-

acteristics and the prespecified clinical outcomes was

systematically extracted. In the case of incomplete or

unclear data, authors were contacted where possible.

The primary endpoint was in-hospital mortality and major

adverse cardiac and cerebrovascular events (MACCE,

defined as the occurrence of accidents: all-cause death,

stroke, nonfatal MI, and repeat revascularization). The sec-

ondary endpoints included length of hospitalization, length

of ICU stay, intubation time, need for red blood transfusion,

the incidence of transient AF, and total in-hospital costs.

Statistical analysis
We carried out the analysis using Stata, version 11 (Stata Corp

LP, College Station, Texas, USA). Relative risk (RR) with a

95% confidence interval (CI) was calculated for each study

and pooled in random-effects models. Forest plots were then

created for graphical presentations of clinical outcomes.

Heterogeneity between trials, defined as variation among

the results of individual trials beyond that expected from

chance, was assessed by the I2 statistic applying the following
interpretation for I2: less than 50%= low heterogeneity;

50–75%=moderate heterogeneity; and greater than 75%=
high heterogeneity. In addition, publication bias was assessed

using a funnel plot, Begg’s adjusted rank correlation test, and

Egger’s regression asymmetry test. Two-sided P-values less

than 0.05 were considered statistically significant.

Results
Baseline characteristics and clinical outcomes
Seven studies fulfilled our inclusion criteria and were

included in this study (Fig. 1). A total of 5453 patients

were included in this analysis; 422 patients received

either staged HCR (62.8%) or simultaneous HCR (37.2%)

and 5031 received OPCABG. Study characteristics are

presented in Table 1. Early (in-hospital or 30-day) clinical

outcomes are presented in Table 2.

Fig. 1

982 literatures were identified in the database search

Articles excluded after review type and language

44 full-text articles assessed for eligibility

7 articles included in the meta-analysis

Full-text articles excluded

Case reports

Letters and/or comments
Reviews and/or meta-analyses
Others that did not meet the inclusion criteria

Total 37

3

2
6

26

Non-English

Duplicates

Non-relevant (animal studies, or did not study
either HCR or OPCABG)

157

456

325

Total 938 

Flow chart of the study selection process. HCR, hybrid coronary
revascularization; OPCABG, off-pump coronary artery bypass grafting.
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Primary endpoint
Figure 2 shows the comparison of in-hospital MACCE

and mortality between the HCR group and the OPCABG

group. Available data were reported in seven studies

[18–24]. No significant changes were observed in the

cumulative analysis between the HCR group and the

OPCABG group either in in-hospital mortality (RR 0.57,

95% CI 0.13–2.59, P= 0.47, P for heterogeneity= 0.90,

I2= 0%) or in the MACCE rate (RR 0.63, 95% CI

0.24–1.64, P= 0.34, P for heterogeneity= 0.77, I2= 0%).

Fig. 2

Kon et al. [23]

References RR (95% CI)
In-hospital MACCE

Weight (%)

0.16 (0.01 − 2.61)

0.37 (0.02 − 8.73)

1.00 (0.29 − 3.50)

0.34 (0.02 − 6.14)

0.67 (0.03 − 15.34)

0.63 (0.24 − 1.64)

(Excluded)

11.72

9.24

58.67

11.02

9.36

0.00

100.00

10410.0096
HCR OPCABG

Bachinsky et al. [18]

Halkos et al. [19]

Halkos et al. [20]

Reicher et al. [24]

Hu et al. [21]

NOTE: Weights are from random effects analysis

Overall (I 2= 0.0%, P = 0.765)

Favours

Bachinsky et al. [18]

Halkos et al. [19]

Halkos et al. [20]

Kon et al. [23]

Hu et al. [21]

Reicher et al. [24]

References RR (95% CI)
In-hospital mortality

Weight (%)

0.37 (0.02 − 8.73) 23.06

50.21

26.73

0.00

0.00

0.00

100.00

0.80 (0.09 − 6.81)

0.43 (0.02 − 8.14)

0.57 (0.13 − 2.59)

(Excluded)

(Excluded)

(Excluded)

0.0158 63.21
HCR OPCABG

NOTE: Weights are from random effects analysis

Overall (I 2= 0.0%, P = 0.904)

Favours

Meta-analysis showing the relative risk (RR) of overall in-hospital MACCE and mortality. Random-effects models were used for meta-analysis.
CI, confidence interval; HCR, hybrid coronary revascularization; MACCE, major adverse cardiac and cerebrovascular event; OPCABG, off-pump
coronary artery bypass grafting.

Table 2 Early (in-hospital or 30-day) clinical outcomes of the selected studies

HCR OPCABG

References Time Number of patients MACCE Death MI Stroke TVR Number of patients MACCE Death MI Stroke TVR

Bachinsky et al. [18] In-hospital 25 0 0 0 0 0 27 1 1 0 0 0
30-day 25 0 0 0 0 0 1 1 0 0 0

Halkos et al. [19] In-hospital 27 0 0 0 0 0 81 4 3 2 0 0
30-day 27 0 0 0 0 0 4 3 2 0 0

Halkos et al. [20] In-hospital 147 3 1 1 1 0 588 12 5 3 4 0
Hu et al. [21] In-hospital 104 0 0 0 0 0 104 0 0 0 0 0
Vassiliades et al. [22] 30-day 91 1 0 1 0 0 4175 126 74 20 47 12
Kon et al. [23] In-hospital 15 0 0 0 0 0 30 7 0 6 1 0
Reicher et al. [24] In-hospital 13 0 0 0 0 0 26 1 0 0 0 1

HCR, hybrid coronary revascularization; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction; OPCABG, off-pump coronary artery
bypass grafting; TVR, target vessel revascularization.
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Subgroup analysis
Thirty-day mortality and MACCE data were available in

three studies. Similarly, as shown in Fig. 3, meta-analysis

also found that HCR was not associated with a

significantly reduced RR of 30-day mortality (RR 0.36,

95% CI 0.07–1.95, P= 0.24) or MACCE rate (RR 0.36,

95% CI 0.09–1.51, P= 0.16) compared with OPCABG.

We also observed no significant RR difference in early

Fig. 3

References
30-day mortality

30-day MACCE

Early (in-hospital or 30-day) MACCE

Vassiliades et al. [22]

Vassiliades et al. [22]

Simultaneous
0.16 (0.01 − 2.61) 9.45

7.45
7.55
0.00
24.44

19.38
47.30
8.88
75.56

100.00

0.37 (0.02 − 8.73)
0.67 (0.03 − 15.34)

0.32 (0.06 − 1.83)

0.37 (0.05 − 2.63)
1.00 (0.29 − 3.50)
0.34 (0.02 − 6.14)
0.68 (0.25 − 1.84)

0.57 (0.24 − 1.34)

(Excluded)

Kon et al. [23]
Bachinsky et al. [18]
Reicher et al. [24]
Hu et al. [21]

Staged
Vassiliades et al. [22]
Halkos et al. [19]
Halkos et al. [20]

Subtotal (I 2= 0.0%, P = 0.783)

Subtotal (I 2= 0.0%, P = 0.607)

Overall (I 2= 0.0%, P = 0.839)

0.31 (0.02 − 4.96)

0.37 (0.05 − 2.63)

0.36 (0.02 − 8.43)

0.33 (0.02 − 5.93)

0.36 (0.08 − 1.51)

37.49

0.36 (0.02 − 8.43) 28.96

0.42 (0.02 − 7.85) 33.55

0.36 (0.07 − 1.95) 100.00

54.26

20.86

24.87

100.00

Bachinsky et al. [18]

Bachinsky et al. [18]

Halkos et al. [19]

Halkos et al. [19]

NOTE: Weights are from random effects analysis

NOTE: Weights are from random effects analysis

NOTE: Weights are from random effects analysis

0.0153

0.0153

0.0096

1 65.4

65.4

OPCABG

OPCABG

OPCABG

HCR

HCR

HCR

Overall (I 2= 0.0%, P = 0.989)

Overall (I 2= 0.0%, P = 0.998)

RR (95% CI) Weight (%)

References RR (95% CI) Weight (%)

References RR (95% CI) Weight (%)

Favours

1
Favours

1 104
Favours

Meta-analysis showing the RR of 30-day mortality, MACCE, and early (in-hospital or 30-day) MACCE in the subgroup of simultaneous and staged
HCR. Random-effects models were used for meta-analysis. CI, confidence interval; HCR, hybrid coronary revascularization; MACCE, major adverse
cardiac and cerebrovascular event; OPCABG, off-pump coronary artery bypass grafting; RR, relative risk.
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(in-hospital or 30-day) MACCE in the subgroup of

simultaneous and staged HCR (Fig. 3; RR 0.57, 95% CI

0.24–1.34, P= 0.20).

Secondary endpoints
As shown in Fig. 4, a significant difference was observed

between the two groups in the length of hospitalization

(RR 0.55, 95% CI 0.13–0.97, P= 0.01), length of ICU stay

(RR 0.45, 95% CI 0.10–0.80, P< 0.05), intubation time

(RR 0.48, 95% CI 0.13–0.84, P< 0.01), need for red

blood transfusion (RR 0.67, 95% CI 0.56–0.82, P< 0.001),

and total in-hospital costs (RR 0.90, 95% CI 0.39–1.42,

P< 0.01). However, no significant difference was

observed in the incidence of transient AF (RR 1.03, 95%

CI 0.76–1.41, P= 0.84).

Heterogeneity
In terms of in-hospital MACCE or mortality, there was no

evidence of heterogeneity in the treatment effect

between the studies.

Publication bias assessment
In the funnel plot of data on RR of in-hospital MACCE,

both Begg’s test and Egger’s test suggest the absence of

bias (Fig. 5).

Fig. 4

References

Kon et al. [23]

Kon et al. [23]

1.37 (0.68−2.05)

1.10 (0.44−1.76)

0.91 (0.26−1.56)
0.34 (0.06−0.61)

0.07 (−0.11−0.25)
0.31 (−0.13−0.75)
1.41 (0.67−2.15)
0.48 (0.13−0.84)

0.50 (0.23−0.78)
0.48 (−0.08−1.03)

0.26 (−0.17−0.70)
0.02 (0.13−1.51)
0.45 (0.10−0.80)

−0.06 (−0.24−0.12)

13.70
19.65
15.53
20.62
17.43
13.06

100.00

100.00

100.00
12.90
20.25
27.16
24.90
14.79

12.28
17.25
22.22
14.87
20.59
12.79

HCR−2.05

−1.76

−2.15 0 2.15

0 1.76

0 2.05
Favours

Favours

Favours

OPCABG

HCR OPCABG

HCR OPCABG

0.35 (0.08−0.63)
0.71 (0.15−1.27)

0.20 (−0.23−0.64)
1.00 (0.57−2.03)
0.55 (0.13−0.97)

−0.10 (−0.28−0.08)

Hu et al. [21]

Hu et al. [21]

Bachinsky et al. [18]

Bachinsky et al. [18]

Halkos et al. [19]

Halkos et al. [19]

Halkos et al. [20]

Halkos et al. [20]

Reicher et al. [24]

Reicher et al. [24]

Kon et al. [23]
Hu et al. [21]
Halkos et al. [19]
Halkos et al. [20]
Reicher et al. [24]

Overall (I 2 = 85.6%, P = 0.000)

Overall (I 2 = 78.9%, P = 0.000)

Overall (I 2 = 77.5%, P = 0.001)

NOTE: Weights are from random effects analysis

NOTE: Weights are from random effects analysis

NOTE: Weights are from random effects analysis

Length of hospitalization

Length of ICU stay

Intubation time

SMD (95% CI) Weight (%)

References SMD (95% CI) Weight (%)

References SMD (95% CI) Weight (%)

Meta-analysis showing the RR of length of hospitalization, length of ICU stay, intubation time, need for red blood transfusion, the incidence of transient
atrial fibrillation (AF), and total in-hospital costs. Random-effects models were used for meta-analysis. CI, confidence interval; HCR, hybrid coronary
revascularization; OPCABG, off-pump coronary artery bypass grafting; RR, relative risk; SMD, standardized mean difference.
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Discussion
The aim of a hybrid technique is to reduce the inva-

siveness, mortality, and morbidity of each single proce-

dure and combine the optimal results and the best

practice of both procedures. LIMA–LAD bypass grafting

through a minimally traumatic approach offers the best

evidence-based management in terms of graft patency

and survival benefits [25,26]. In contrast, saphenous vein

graft (SVG) conduits are found to be unreliable in terms

of short-term patency and long-term durability [27].

Several studies have reported a SVG failure rate between

1.6 and 30% at 1 year, with an average of 20% [28–31],

and approaching 30% within 12–18 months [28].

Moreover, 40–50% of the SVG graft would have failed at

follow-up of 10–15 years [14]. The restenosis rate with

DES within 12–18 months seems to be superior to SVG

[32–36]. Therefore, the hybrid technique might be a

novel alternative and more practical solution to avoid the

well-known limitations of SVG conduits than all-arterial

grafting. Currently, the American College of Cardiology

Foundation and the American Heart Association have

recommended HCR for selected patients on level of

evidence B for limitation to traditional CABG, lack of

available graft conduits, or unfavorable LAD artery dis-

ease for PCI [37].

However, the best protocol of a hybrid approach remains

a matter of debate. Currently, there are three HCR

strategies available: (a) performing PCI first, followed by

staged LIMA to LAD bypass grafting, or (b) vice versa;

(c) combining LIMA–LAD bypass grafting with PCI in

the same setting in a hybrid operative unit. More

Fig. 4 (Continued)
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recently, a simultaneous HCR procedure has been

applied much more frequently than a staged procedure.

A simultaneous HCR procedure not only has the

advantage of avoiding the potential problems related to

two separate procedures and hands-off, but is also con-

venient for doctors to resolve any complications arising

from either procedure in one setting. Importantly,

LIMA–LAD bypass graft patency can be confirmed

immediately. Furthermore, the same setting strategy

improves the efficiency and cost-effectiveness of HCR

and ultimately provides a more attractive alternative for

the patient. Patients are more likely to accept HCR if

complete revascularization can be finished in one

procedure.

The feasibility and efficacy of the simultaneous hybrid

procedure has been reported with high 6-month angio-

graphic vessel patency and minimal adverse cardiac

events, comparable to OPCABG patients [18,21,23,24,

38]. Especially, the rates of acute/subacute stent throm-

bosis in the simultaneous HCR approach seem similar to

those with complex PCI procedures [39]. This is the first

meta-analysis of controlled trials comparing HCR with

OPCABG thus far; our data showed that there was no

significant between-group difference either in early (in-

hospital or 30-day) mortality or in the MACCE rate.

However, the total in-hospital costs were significantly

higher in the HCR group than in the OPCAB group,

mainly because of the use of radiographic instruments

and stent implantation. Similarly, we also found no sig-

nificant RR difference in early (in-hospital or 30-day)

MACCE in the subgroup of simultaneous and

staged HCR.

More rapid recovery from HCR procedure indicates that

factors other than pain may play important roles in the

recovery process. Less need for red blood transfusion,

shorter intubation time and ICU stay, as well as reduced

systemic inflammation, may contribute significantly

toward the improved morbidity after HCR. Interestingly,

this is similar to the comparison between minimally

invasive off-pump and conventional on-pump CABG in

terms of less trauma–rapid recovery pattern. In addition,

the degree of cardiac manipulation varies markedly

between the HCR and the OPCABG procedure.

Actually, the heart is left in its natural position during the

HCR procedure, whereas it requires frequent rotation

during the OPCABG procedure, which may compromise

hemodynamic status. Furthermore, coronary occlusion

for the HCR procedure is limited to that required for the

placement of a single LIMA–LAD graft and less than

30 s intervals for each stent implantation. In contrast,

OPCABG requires 8–12 min intervals of coronary occlu-

sion during each of three to four distal anastomoses,

resulting in a total ischemic time approaching 25–40 min.

Better myocardial protection, reflected by a reduction in

regional myoglobin and systemic troponin I release,

might be another important mechanism for quicker

recovery from the HCR procedure [40].

Nevertheless, in the current era of evidence-based

medicine, the best strategy for countering doubt and

validating the safety, feasibility, and efficacy of a ther-

apeutic approach such as HCR is convincing data from

RCTs. Thus, large, multicenter RCTs are needed to

compare HCR with OPCABG to clarify patient popula-

tions that would benefit most from HCR. Moreover,

different HCR strategies (staged vs. simultaneous)

should be compared to identify which strategy would

serve which patients best. Finally, both the advantages

and the disadvantages of a same-setting HCR operative

unit need to be explored further.

Study limitations
At first, all of the studies included were observational in

nature and thus might have been affected by confound-

ing with indication and/or selection bias. Second, the

study enrolled a relatively small number of patients

undergoing HCR procedures and some controlled groups

were propensity adjusted with a retrospective design.

Third, the mean length of follow-up was generally short,

in particular, because of the lack of mid-term and long-

term systematic and routine angiographic follow-up of

graft and stent patency in the majority of studies included

in the present study, which made it difficult to evaluate

mid-term and long-term clinical outcomes. Finally, dif-

ferent kinds of DES were used in the studies included,

and in two studies, although the majority of patients

received DES, bare stents were also implanted.

Conclusion
HCR did not improve early survival compared with

OPCABG, but decreased the length of hospitalization,

length of ICU stay, intubation time, and need for red

blood transfusion, and increased total in-hospital costs.

Fig. 5
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