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Background: Hybrid coronary revascularization (HCR) is an emerging approach for multivessel coronary artery
disease (MVD) which combines the excellent long-term outcomes of surgery with the early recovery and reduced
short-term complications of percutaneous coronary intervention (PCI). Here, we evaluated the effectiveness of
HCR compared to PCI in patients with MVD.

Methods: A systematic database search in PubMed/MEDLINE, Embase, Scopus, and CENTRAL/CCTR was con-
ducted by June 2021. Random-effects meta-analysis was performed, comparing major adverse cardiac and ce-
rebrovascular events (MACCE) at 30 days and at latest follow-up between patients undergoing HCR versus PCI.
Results: A total of 27,041 patients (HCR: 939 patients, PCI: 26,102 patients) were included from seven studies
published between 2013 and 2021. At latest follow-up, HCR was associated with lower rates of myocardial
infarction (OR 0.40, 95% CI 0.20-0.80, p = 0.010) and target vessel revascularization (OR 0.49, 95% CI
0.37-0.64, p < 0.001), while the difference for MACCE did not reach statistical significance (OR 0.46, 95% CI
0.20-1.05, p = 0.061). No differences were observed in terms of 30-day outcomes, nor rates of mortality or
stroke at latest follow-up.

Conclusions: HCR might be a valid alternative to multivessel PCI, demonstrating a lower incidence of MI and TVR.
Center experience, well-coordinated heart team discussions, and good patient selection likely remain essential to
ensure optimal outcomes. Future comparative studies are required to define the optimal target population.

1. Introduction while maintaining similar rates of major adverse cardiac and cerebro-

vascular events (MACCE) compared with conventional CABG [3-7].

Hybrid coronary revascularization (HCR) is an emerging treatment
for multivessel coronary artery disease (MVD) which combines the
excellent long-term outcomes of coronary artery bypass grafting (CABG)
with the early recovery and reduced short-term complications of
percutaneous coronary intervention (PCI) [1,2]. Previous reports and
meta-analyses have demonstrated favorable outcomes, showing lower
need for blood transfusion, shorter length of stay, and faster recovery,

So far, however, only a limited number of studies have directly
compared HCR with multivessel PCL. The Hybrid Coronary Revascu-
larization Trial (NCT03089398), which would have been the first to
directly compare effectiveness of HCR and multivessel PCI with DES,
was discontinued prematurely due to suboptimal enrolment [1]. The
evidence comparing both strategies is therefore limited and their rela-
tive efficacy and safety remain unclear. The aim of the present meta-

Abbreviations: CABG, coronary artery bypass grafting; CI, confidence interval; HCR, hybrid coronary revascularization; LAD, left anterior descending coronary
artery; LITA, left internal thoracic artery; MACCE, major adverse cardiac and cerebrovascular events; MD, mean difference; MI, myocardial infarction; MVD,
multivessel coronary artery disease; OR, odds ratio; PCI, percutaneous coronary intervention; PRISMA, Preferred Reporting Items for Systematic reviews Meta-

Analyses; TVR, target vessel revascularization.
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analysis was to compare MACCE at 30 days and at latest follow-up be-
tween HCR and multivessel PCI for the treatment of MVD.

2. Methods
2.1. Search strategy, eligibility criteria and study inclusion

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [8]. On June 25, 2021, a systematic literature search was
performed in PubMed/MEDLINE, Embase, Scopus, Cochrane Controlled
Trials Register (CENTRAL/CCTR), and reference lists of relevant arti-
cles. The detailed search terms that were used for this search are given in
Supplementary Materials, Methods.

Eligibility criteria were defined a priori, and studies were included if:
(1) the population comprised patients with multivessel coronary artery
disease (MVD); (2) there was an intervention group undergoing HCR; (3)
there was a control group undergoing PCI; (4) 30-day outcomes (cu-
mulative number of events 30 days after the procedure) or outcomes at
latest follow-up (cumulative number of events > 1 year after the pro-
cedure) were reported, including major adverse cardiac and cerebro-
vascular events (MACCE), or any of the individual components of each
of these; and (5) studies were observational or randomized in nature.
MACCE was defined as the composite of mortality, myocardial infarc-
tion (MI), target vessel revascularization (TVR), or stroke.
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The following steps were taken: 1) identification of titles of records
through databases searching, 2) removal of duplicates, 3) screening and
selection of abstracts, 4) assessment for eligibility through full text ar-
ticles, and 5) final inclusion in the study. Studies were selected by two
independent reviewers (JVDE and SDG). Any discrepancies were
resolved by consensus.

2.2. Endpoints, risk of bias, and statistical analysis

The outcomes were MACCE, and any of the individual components of
these composite outcomes, at 30 days and at latest follow-up. Two in-
dependent reviewers extracted the data (JVDE and SDG). Any discrep-
ancies were resolved by consensus. From each study, the following were
extracted: first authors’ name, year of publication, country of origin,
sample size, study design, characteristics of HCR, follow-up

Risk of bias of the selected studies was assessed independently by
two reviewers (JVDE and SDG), using the Cochrane risk-of-bias tool for
randomized trials (RoB 2) and the Risk Of Bias In Non-randomised
Studies of Interventions (ROBINS-I), according to study design. Any
discrepancies were resolved by consensus.

Odds ratios (OR) with 95% confidence interval (CI) and p-values for
the crude endpoints were calculated. Chi-square test and I? test were
performed for assessment of statistical heterogeneity [9]. The OR were
combined across the studies using a fixed-effects model, unless signifi-
cant heterogeneity was observed; in that case, a random-effects models

Fig. 1. Flow diagram of studies included in data search.
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was used. Forest plots were created to represent clinical outcomes.
Funnel plots were not appropriate for detecting publication bias since
there were less than 10 studies.[10] All analyses were completed with R
Statistical Software (version 4.0.5, Foundation for Statistical
Computing, Vienna, Austria).

Ethical Approval: N/A

3. Results
3.1. Studies and participants

A total of 1018 citations were identified, of which 16 studies were
potentially relevant and retrieved as full text. Seven publications
[3,11-16] fulfilled our eligibility criteria (Fig. 1). Characteristics of each
study and their patients are shown in Tables 2-4. A total of 27,041 pa-
tients (HCR: 939 patients, PCI: 26,102 patients) were included from
studies published from 2013 to 2021. Apart from one randomized
controlled trial [12] and one observational study which used Cox pro-
portional hazards methods to reduce selection bias [16], all studies were
propensity score matched observational studies. The overall internal
validity of the analysis was considered moderate risk of bias (Supple-
mentary Materials, Tables S1 and S2).

3.2. Outcomes

The results of the meta-analysis are summarized in Table 1. No sig-
nificant differences between HCR and PCI were found for 30-day mor-
tality, MI, TVR, stroke, or MACCE (Fig. 2). However, rates of outcomes
at latest follow-up differed between treatment modalities. HCR was
favored by lower rates of MI (fixed-effects model: OR 0.40, 95% CI
0.20-0.80, p = 0.010) and TVR (fixed-effects model: OR 0.49, 95% CI
0.37-0.64, p < 0.001) at latest follow-up (Fig. 3). No evidence of het-
erogeneity was found for the studies for MI (I2 = 0%, p = 0.519), while
heterogeneity was low in studies for TVR (12 = 26%, p = 0.228). The
difference for MACCE at latest follow-up did not reach statistical sig-
nificance (OR 0.46, 95% CI 0.20-1.05, p = 0.061), while there was
evidence of significant heterogeneity of treatment effect among the
studies for this outcome (I = 67%, p = 0.010). Finally, no significant
differences were observed for mortality, stroke, or MACCE at latest
follow-up.

4. Discussion
4.1. Summary of evidence
The main findings of this study are summarized in Fig. 4. To the best

of our knowledge, this is the first systematic review with meta-analysis
carried out to assess the results of HCR versus PCI to treat patients with
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MVD, providing additional value for the medical literature by showing
that: 1) the immediate risk of mortality, MI, stroke, TVR and MACCE
were not different between HCR and PCI; and 2) there was lower risk of
MI and TVR during the follow-up for HCR in comparison with PCI.

4.2. HCR versus CABG

Before jumping into discussions about comparisons between out-
comes of HCR and PCI, we should first ask ourselves if HCR is superior
(or at least comparable) to CABG surgery, considered to be the best
option for MVD. Two recent meta-analyses [6,7] shed some light on this
subject. Wang et al. [6] conducted a meta-analysis with 23 studies
including 10,468 patients (2403 underwent HCR and 8065 patients
underwent traditional CABG. Compared with CABG, HCR had a statis-
tically significant lower risk of stroke, MACCE and blood transfusion,
whereas no significant differences were detected in mortality, MI and
TVR. However, long-term results showed no significant difference be-
tween the HCR and CABG techniques. Guan et al. [7] performed a sys-
tematic review and meta-analysis to compare clinical outcomes after
HCR and minimally invasive coronary revascularization (including
minimally invasive direct coronary artery bypass grafting and robotic-
assisted coronary artery bypass grafting). Their study included 8
observational studies with 1084 cases of HCR and 2349 cases of mini-
mally invasive coronary revascularization. The pooled analyses showed
no statistically significant differences in terms of in-hospital death, MI,
MACCE and long-term survival. Considering the two aforementioned
studies, we can affirm that HCR is a feasible option for patients with
MVD and non-inferior in comparison with CABG (actually, it presents
lower risk of complications in the immediate postoperative period
without compromising long-term results).

4.3. HCR versus PCI

In order to optimize outcomes, myocardial revascularization should:
1) offer minimal invasiveness with faster recovery, sternal-sparing in-
cisions, absence of aortic manipulation and cardiopulmonary bypass to
reduce complications; and 2) improve durability and patency to attain
maximal survival. Consequently, a synergistic combination (rather than
a dichotomous mindset) bringing together the best of both approaches
may be considered to treat patients with MVD, thus, minimizing im-
mediate risk and invasiveness while optimizing long-term outcomes.
While standard HCR uses the left internal thoracic artery (LITA) to the
left anterior descending (LAD) artery, advanced HCR uses both ITAs to
the LAD and circumflex artery or diagonal branches. The other coronary
arteries are treated with drug-eluting stents (DES). In this scenario, the
long-term benefits of CABG have been largely associated with the
durability of the LITA graft to the LAD [17]. Additionally, DESs
compared with saphenous vein grafts (SVGs) seem to offer advantages in

Table 1
Meta-analysis: summary of results.
Effect size Heterogeneity

Outcome Studies (n) Patients (n) OR 95% CI P-value 12 (%) P-value
30-day outcomes (cumulative events at within 30 days after the procedure)
Mortality 5 872 0.81 0.18-3.63 0.780 0 0.466
MI 5 872 1.02 0.33-3.21 0.967 0 0.814
TVR 3 497 2.28 0.37-14.16 0.375 0 0.820
Stroke 5 872 1.30 0.17-9.87 0.802 0 0.446
MACCE 3 497 1.22 0.41-3.63 0.721 0 0.681
Outcomes at latest follow-up (cumulative events at > 1 year follow-up after the procedure)
Mortality 7 27,041 0.84 0.64-1.10 0.203 0 0.669
MI 7 1,149 0.40 0.20-0.80 0.010 0 0.519
TVR 6 27,041 0.49 0.37-0.64 <0.001 26 0.228
Stroke 5 949 1.20 0.49-2.93 0.694 0 0.476
MACCE 6 1,149 0.46 0.20-1.05 0.061 67 0.010

CI, confidence interval; MACCE, major adverse cardiac and cerebrovascular accidents; MI, myocardial infarction; OR, odds ratio; TVR, target vessel revascularization.
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Table 2
Study characteristics.
Author Year Country of  Total number Study Staging strategy for Interval Follow-up HCR surgical approach Use of DES
origin of patients design HCR Surgery-PCI (months) (PCl/
(HCR/PCI) HCR)
Hannan et 2021 USA 25,892 (335/ RS 2-stage PCI within 60 48.0 Minimally Invasive CABG NR
al 25557) days before or surgery in the LAD artery
after surgery
Basman et 2020 USA 200 (100/100) RS, 2-stage 4-6 weeks 85.7 + 1.4 Robotic MIDCAB* 100%/
al PSM 100%
Ganyukov 2020  Russia/ 105 (52/53) RCT 2-stage 3 days 12.0 Robotic MIDCAB* 100%/
et al Poland 100%
Qiu et al 2019  China 94 (47/47) RS, NR NR 59.0 NR 100%/
PSM 100%
Repossiniet 2018  Italy 175 (67/108) RS, 2-stage 1-4 weeks 15.3 +£ 2.7 MIDCAB: LIMA Harvest through NR
al PSM Anterior Left Mini-Thoracotomy;
LIMA-LAD Anastomosis
Puskas et al 2016 USA 298 (200/98) PS, 1-stage 12%, 2-stage NR 17.6 Robotic MIDCAB* 54%; TECAB 100%/
PSM 76%; Multi-stage 4%; 21%; MIDCAB 19%; Sternotomy 100%
8% Surgery-only 6%
Shen et al 2013 China 282 (141/141) RS, 1-stage NR 36.0 Robotic MIDCAB* 100%/
PSM 100%

CABG, coronary artery bypass grafting; DES, drug-eluting stent; HCR, hybrid coronary revascularization; LAD, left anterior descending coronary artery; LIMA, left
internal mammary artery; MIDCAB, minimally invasive direct coronary artery bypass; NR, not reported; PCI, percutaneous coronary intervention; PS, prospective;
PSM, Propensity score matched; RCT, randomized controlled trial; RS, retrospective; TECAB, totally endoscopic coronary artery bypass.

*Robotic MIDCAB: Robotic-assisted LIMA harvest with LIMA-LAD anastomosis through mini-thoracotomy.

Table 3
Characteristics of the study population (1).

Age, years Female (%) Diabetes (%) Smoking (%)  Hypertension (%)  COPD (%) CKD (%) Previous MI (%)

Study HCR PCI HCR PCI HCR PCI HCR PCI HCR PCI HCR PCIL HCR PCI HCR PCIL
Hannan 2021 NR NR 21.5 28.6 35.5 34.0 NR NR NR NR 4.8 5.7 3.6 4.0 17.0 19.3
Basman 2020 67.5 +10.1 67.8+10.5 16 16 53 50 NR NR NR NR 2 0 3 3 28 29
Ganyukov 2020 62 +7.4 61.7 £ 7.7 25 30.2 173 207 461 472 654 679 7.7 11.3 1.9 5.7 519 585
Qiu 2019 64.6 + 8.3 65.0 £ 9.8 14.9 25.5 40.4 46.8 51.1 31.9 61.7 72.3 0 2.1 NR NR 25.5 38.3
Repossini 2018 680.0+£9.0 69.0+11.0 227 248 268 308 NR NR 66.4  64.7 193 199 165 179 282 295
Puskas 2016 64.4+11.8 63.9+10.8 24 286 395 367 NR NR NR NR 9 123 NR NR 37 23.5
Shen 2013 62.0 + 9.9 61.7 +10.3 11.3 12.8 26.2 19.9 55.3 24.8 64.5 59.6 7.1 7.8 2.8 5.0 27.7 27.7

CKD, chronic kidney disease; COPD, chronic obstructive
ported; PCI, percutaneous coronary intervention.

pulmonary disease; HCR, hybrid coronary revascularization; MI, myocardial revascularization; NR, not re-

Table 4
Characteristics of the study population (2).
LVEF, % PVD (%) Prior CVA or SYNTAX score EuroSCORE TVD (%) LMD (%) Dyslipidemia
TIA (%) (%)
Study HCR PCI HCR PCI HCR PCI HCR PCI HCR PCI HCR PCI HCR PCI HCR PCI
Hannan 2021 NR NR 8.4 7.3 10.2 8.6 NR NR NR NR 51.9 35.2 13.4 2.4 NR NR
Basman 2020 53.3 & 545 + 10 11 10 11 289 + 22.1 + NR NR NR NR NR NR NR NR
11.0 11.3 10.6 7.6
Ganyukov 56.2 + 53.3 £ 30.8 30.2 7.7 5.7 194 + 19.5 + 1.71 + 1.70 £ 48.1 43.4 NR NR NR NR
2020 6.3 9.9 3.0 2.7 0.76 0.79
Qiu 2019 64.7 £ 64.1 + 0.0 6.4 14.9 14.9 19.4 + 19.8 £ 3.2+1.8 3.0+1.5 NR NR NR NR 17 14.9
5.4 7.0 3.6 3.4
Repossini 51.8 + 50.7 + 19.9 23.4 15.3 129 29.5 + 29.1 £ 3.4+29 3.4+32 NR NR NR NR 48.9 47.8
2018 10.2 10.7 6.9 6.5
Puskas 2016 NR NR 12.5 7.1 9.5 2 215+ 15.8 £ NR NR 40 34.7 17.5 7.1 NR NR
9.5 8.5
Shen 2013 62.7 £ 61.2 + 24.1 29.1 10.6 19.1 27.6 + 26.0 £ 3.1+23 3.5+26 NR NR 19.9 15.6 53.2 48.9
7.1 9.3 7.9 8.2

CVA, cerebrovascular accident; HCR, hybrid coronary revascularization; LMD, left main disease; LVEF, left ventricular ejection fraction; NR, not reported; PCI,
percutaneous coronary intervention; PVD, peripheral vascular disease; TIA, transient ischemic attack; TVD, triple vessel disease.

the long run [1]. The durability of SVGs are poor, with graft failure
reaching 20% at 1 year and around 70% at 15 years [18], whereas
current DESs provide long-term patency rates of 96% to 98% [19,20].
Most detractors of HCR claim that, whereas PCI offers very low risks
of immediate complications and more rapid recovery, CABG might have
increased immediate complications such as stroke. Our findings

revealed that this belief is, at least based on the available evidence
published so far, unfounded when it comes to HCR. We observed no
statistically significant differences between HCR and PCI at 30 days for
the outcomes death, MI, stroke, TVR and MACCE, thus contradicting any
claims of higher risks in the immediate postoperative period. The
minimally invasive nature of HCR, the avoidance of cardiopulmonary
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A. 30-day mortality B. 30-day MI
HCR PCI HCR PCI
Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Basman 2020 0 100 0 100 0.0% Basman 2020 0 100 0 100 0.0%
Ganyukov 2020 1 52 0 53 —— % 3.12 [0.12,78.27] 126% Ganyukov 2020 3 52 2 53 156 [0.25; 9.75] 32.1%
Qiu2019 0 47 0 47 0.0% Qiu2019 0 47 147 0.33 [0.01; 8.22] 255%
Repossini 2018 0 67 3 108 ——— 022 [0.01; 439] 70.0% Repossini 2018 0 67 1 108 0.53 [0.02;13.22] 19.7%
Puskas 2016 1 200 0 98 — i@ ————— 148 [0.06;36.69] 17.4% Puskas 2016 3 200 1 98 1.48 [0.15;14.39) 22.7%
Total (95% Cl) 466 406 0.81 [0.18; 3.63] 100.0% Total (95% CI) 466 406 1.02 [0.33; 3.21] 100.0%
Heterogeneity: 2= 0%, p = 0.466 Heterogeneity: P= 0%, p=0.814
Test for overall effect: z =-0.28 (p = 0.780) 01 0512 10 Test for overall effect: z = 0.04 (p = 0.967) 01 0512 10
Favors HCR Favors PCI Favors HCR Favors PCI
C. 30-day TVR D. 30-day stroke
HCR pCI HCR PCl
Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight Study Events Total Events Total Odds Ratio OR  95%-Cl Weight
" 0 Basman 2020 0 100 0 100
giaun%ﬁ%v 2020 (11 3; 8 j:; 312 [042,78.27) 28302 Ganyukov 2020 1 52 0 53 = 3.12 [0.12;78.27) 29 6%
E o, Qiu2019 0 47 0 47 .0%
Puskas 2016 4 200 oo 198 [022,17.95) 73.2% Repossini 2018 0 67 1108 =] 0.53 [0.02; 13.22] 70 4%
Total (95% C1) 299 198 228 [0.37; 14.16] 100.0% Puskas 2016 0 200 0 98 0%
Heterogeneity: /2 = 0%, p = 0.8: .
Test for overall effect: 2 = 089(,, 0.375) 01 0512 10 Total (95% CI) 466 406 e 1.30 [0.17; 9.87] 100.0%
Heterogeneity: I~ = 0%, p = 0.446
Favors HCR Favors PCI Test for overall effect: z = 0.25 (p = 0.802) 01 0512 10
Favors HCR Favors PCI
E. 30-day MACCE
HCR PCI
Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
Ganyukov 2020 3 52 2 1.56 [0.25,9.75] 31.3%
Qiu2019 0 47 1 0.33 [0.01;822] 24.9%
Puskas 2016 6 200 2 1.48 [0.29,7.49) 43.7%
Total (95% Cl) 299 1.22 [0.41; 3.63] 100.0%
Heterogeneity: I = 0%, p = 0.681
Test for overall effect: z = 0.36 (p = 0.721) 01 0512 10

Favors HCR Favors PCI

Fig. 2. Forest plot for 30-day outcomes, with pooled odds ratio and conclusions plot for (A) mortality, (B) MI, (C) TVR, (D) stroke, and (E) MACCE. CI, confidence
interval; HCR, hybrid coronary revascularization; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction; OR, odds ratio; PCI,
percutaneous coronary intervention; TVR, target vessel revascularization.

A. Mortality at latest follow-up B. Ml at latest follow-up
HCR PCI HCR -

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight Study Events Total Events Total 0dds Ratio OR 95%-Cl Weight
Hannan 2021 6 335 4690 25557 [ ] 089 [067;1.19] 835% Basman 2020 4 100 5 100 ! 070 [021:304) 17.4%
Basman 2020 5 100 9 100 053 (017165 7.1% Camkon 2020 3 s . 1 o7 078 aoa 1amm
Ganyukov 2020 3 5 2 5 156 [0.25:9.75] 15% e A 3 . ; 053 0033261 1059
Qiu2019 14 2 45 050 [0.04:572] 16% iu 2019 ' 33 [0.03;3.26] 10.5%
Robensini 2018 o o7 o 108 b 000 Repossini 2018 0 67 7 108 ; 010 [0.01:1.78] 20.7%
i 0% Puskas 2016 4 200 3 : 065 [0.14:2.95] 14.3%
uskas 2016 3 200 2 98 073 [0.12,445  22% Shen 2013 0 141 6 141 ; 007 [0.00:132] 23.5%
Shen 2013 1141 5 141 019 [0.02168] 4.1% : 07 10001
Total (95% C1) 939 26102 0.84 [0.64; 1.10] 100.0% e 0%, p = 0516 545 0.40 [0:20; 0.80] 100.0%
Heterogeneity: = =0%, p = 0.669 oy
Test for overaleffect 5 = - .27 (p = 0.203) 01 0512 10 Test for overall effect: z = -2.58 (p = 0.010) 001 01 1 10 100

Favors HCR Favors PCI Favors HCR Favors PCI
C. TVR at latest follow-up D. Stroke at longest follow-up

HCR PCl HCR PCI
Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight Study Events Total Events Total 0Odds Ratio OR  95%-Cl Weight
Hannan 2021 30 335 4194 25657 E 050 [0.34;073] 555% : o
Basman 2020 % 100 18 100 pralf 087 [041°182] 8.5% a0t 2 2§ & PR ST o I
Sanyukov2020 7 = F T o070 26,222 A%% Repossini 2018 0 67 2 108 032 (001 667] 216%
Qiu2019 4 10 4 - 17 (003,081 53% Puskas 2016 5 200 0 98 554 [0.30,101.25]  74%
Repossini 2018 4 67 24 108 —=—t 022 [007,067] 9.7% Shen 2013 > 141 3 141 066 (011 402 33.5%
Puskas 2016 14 200 10 98 ——— 066 [028,155] 7.0% : S -
Shen 2013 6 141 18 141 e 030 [0.12:079] 9.7% Total (95% Cl) 504 a5 120 [0.49; 293] 100.0%
Heterogeneity: I* = 0%, p = 0.476

Total (95% CI) 939 26102 0.49 [0.37; 0.64] 100.0% Lisget ot s At LIPS
Heterogeneity: I = 26%, p = 0.228 3 e ® ) oot o1 ! o 100
Test for overall effect: z = -5.17 (p < 0.001) 0.1 051 2 10 Favors HCR Favors PCI

Favors HCR Favors PCl

E. MACCE at latest follow-up

HCR PCI

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight

Basman 2020 21 100 25 080 [0.41;1.54] 20.0%

Ganyukov 2020 7 52 7 102 [0.33,3.15] 14.1%

Qiu 2019 5 44 16 023 [008,071] 14.2%

Repossini 2018 4 67 28 018 [0.06:0.54] 14.4%

Puskas 2016 23 200 12 093 [0.44,196] 18.9%

Shen 2013 9 141 32 023 [011:051] 18.4%

Total (95% CI) 604 0.46 [0.20; 1.05] 100.0%

Heterogeneity: /> = 67%, p = 0.010

Test for overalleffect: t5 = -2.41 (p = 0.061) 01 051 2 10

Favors HCR Favors PCI

Fig. 3. Forest plot for outcomes at latest follow-up, with pooled odds ratio and conclusions plot for (A) mortality, (B) MI, (C) TVR, (D) stroke, and (E) MACCE. CI,
confidence interval; HCR, hybrid coronary revascularization; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction; OR, odds ratio;
PCI, percutaneous coronary intervention; TVR, target vessel revascularization.

bypass, and the opportunity to prevent manipulation of the aorta might 37,720 from 13 studies reported off-pump CABG without manipulation
explain why this procedure is associated with a low risk of perioperative of the aorta was the most effective treatment for decreasing the risk of
stroke. Supporting the latter two points, a network meta-analysis of stroke (OR 0.22, 95% CI 0.14-0.33 compared with conventional on-



J. Van den Eynde et al.

Hybrid Coronary Revascularization versus
Percutaneous Coronary Intervention: A
Systematic Review and Meta-Analysis

N=27,041 patients with
multivessel disease

30-day mortality, myocardial No difference
infarction, target vessel

revascularization, or stroke

Favors HCR
OR 0.40, 95% CI 0.20-0.80

Myocardial infarction at follow-up

Favors HCR
OR 0.49, 95% CI 0.37-0.64

Target vessel revascularization
at follow-up

Mortality and stroke at follow-up No difference

Fig. 4. Summary of the main findings of the meta-analysis. The 30-day risk of
mortality, myocardial infarction, target vessel revascularization, or stroke were
not different between HCR and PCI. However, There was a lower risk of
myocardial infarction and target vessel revascularization during the follow-up
for HCR in comparison with PCIL. CI, confidence interval; HCR, hybrid coro-
nary revascularization; OR, odds ratio; PCI, percutaneous coronary
intervention.

pump CABG) [21]. Regarding differences in procedural MI, we should
note the emerging concern that rates after PCI and CABG might vary
greatly with different definitions [22]. Furthermore, retrospective
studies, as in the majority of the studies included in this meta-analysis,
might underestimate the rate of MI as they are less likely to include serial
troponin measurement. Illustrating this issue, Basman et al. [11] and
Qiu et al. [13] defined procedural MI according to the Third Universal
Definition of Myocardial Infarction while Ganyukov et al. [12] used the
Fourth Universal Definition of Myocardial Infarction, and the three
other studies did not specify. A re-analysis of the EXCEL trial revealed
that the Third Universal Definition of Myocardial Infarction identified a
relatively small number of procedural MI events after CABG that were
strongly predictive of 5-year cardiovascular mortality, while a larger
number of events identified after PCI were not [23]. Therefore, caution
should be taken when interpreting this body of evidence, and future
studies will be needed to determine which definition has the highest
diagnostic accuracy and greatest prognostic utility.

At the longest follow-up, the pooled results revealed an advantage
for HCR for the outcomes TVR and MI. A meta-analysis published by Sa
et al. [24] had already showed that the HRs for MI and TVR were lower
in the CABG group than those in the PCI group (all with P < 0.001),
demonstrating the long-term benefit of CABG over PCI. Furthermore, the
5-year outcomes of the Hybrid Revascularization for Multivessel Coro-
nary Artery Disease (HYBRID) trial which randomized 200 patients to
either HCR or CABG, showed similar rates of long-term mortality, MI,
TVR, stroke, and MACCE in both groups. [5] What we can affirm for the
time being is that there is some evidence of better outcomes in the long-
run favoring HCR in comparison with PCI, which is per se a very positive
finding that points to the alignment of two well-established approaches
(CABG and PCI) rather than competition between them.
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4.4. Incorporating HCR into the interventional landscape for coronary
revascularization

Having demonstrated the favorable outcomes after HCR in this meta-
analysis, we should consider how this approach could be incorporated
into the interventional landscape for coronary revascularization. While
HCR has been around for two decades, its practice remains restricted to a
limited number of specialized centers and remains reserved for a highly
selected patient population. In an analysis of the Society of Thoracic
Surgeons Adult Cardiac Surgery Database between July 2011 and March
2013, 950 HCR procedures were identified, representing 0.48% of the
total CABG volume [25]. In line with this, most published data,
including the studies in this meta-analysis, come from high-volume
centers with experienced operators. However, it is likely that a similar
volume-outcome relationship exists for HCR, as has previously been
demonstrated for other technically challenging procedures such as off-
pump CABG [26]. Clearly, the use of the robotic system for harvesting
of the graft(s) and performance of the anastomosis through a mini-
thoracotomy are technically demanding, and this has been reflected in
the presence of learning curve to acquire experience with this procedure
[27].

As HCR consists of two procedures, it is critical that all care providers
of the same team are actively involved in planning and coordination of
all cases. The importance of regular Heart Team meetings should be
emphasized, and decision trees to guide the discussions have been
proposed before [2]. A one-fits-all approach likely does not exist for
coronary revascularization, so HCR should be considered and weighted
against all other options. Of note, even emergent cases might still be
eligible for HCR: in the acute phase, the culprit lesion is treated first,
after which a Heart Team discussion is held to consider a delayed second
procedure to achieve more complete revascularization. Eventually, good
patient selection and individualized provision of care will likely help
ensure optimal outcomes.

4.5. Limitations

Although we did our best to collect all the data available to carry out
pooled analyses, there remains a scarcity of data regarding comparisons
between HCR and PCI. Only one RCT has been published so far [12] and,
although we set out to explore the longest follow-ups available, long-
term data are almost non-existent. Another limitation is that there is
not enough granularity of data available so as to know whether the MI
and TVR events observed in the HCR group were due to new obstruc-
tions in coronaries that received an arterial graft or DES. It would be
important to know whether this complication would be rather related to
the stents (which would prompt us to study better this issue — maybe
related to insufficient antiaggregation therapy) or related to the arterial
graft (which might be owing to the quality of the anastomosis that is
more challenging in HCR procedures carried out through minimally
invasive or robotic platforms). A recent analysis of 303 HCR procedures
in the New York’s cardiac surgery and PCI registries in 2010 to 2016
suggested that TVR was caused by both the LAD where CABG was per-
formed (required in 12% at 6 years of follow-up), and in the left
circumflex and right coronary arteries where PCI was performed
(required in 15% at 6 years of follow-up) [28]. Finally, as discussed
above, heterogeneity in the definition of endpoints and operator expe-
rience may impact the actual outcomes after HCR vs PCI.

5. Conclusions

In conclusion, HCR has proven to be a promising option with non-
inferior results in the immediate postoperative period and better re-
sults at latest follow-up in comparison with contemporary PCI. Center
experience, well-coordinated heart team discussions, and good patient
selection likely remain essential to ensure optimal outcomes. These re-
sults encourage the conduction of new RCTs to expand the pool of
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reliable and comparative data and draw definitive conclusions on the
optimal target population for HCR. Studies with better design and larger
sample sizes are needed to advance this treatment option.
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