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ABSTRACT

ardiovascular disease continues to be the

leading cause of death and accounts annually

for 17.8 million deaths worldwide, corre-
sponding to 330 million years of life lost, and another
35.6 million years lived with disability (1). Nonethe-
less, the current age-adjusted death rate per 100,000
population is 233, which represents a 10% reduction
compared with 10 years ago (2). This achievement is
largely attributable to improving medical therapy,
prevention, and the promotion of cardiovascular

Coronary revascularization is accomplished either by percutaneous coronary intervention (PCl), with low risk of imme-
diate complications, or coronary artery bypass graft (CABG), with improved long-term, event-free survival attributable to
use of the left internal mammary artery graft. Hybrid coronary revascularization (HCR) combines both. The left internal
mammary artery graft is done by sternal-sparing approaches or by robotic-assisted, endoscopic surgery. HCR reduces
bleeding, ventilator time, and length of stay compared with traditional CABG. Compared with PCl, HCR offers the
durability and survival advantages of the left internal mammary artery. The large-scale National Heart, Lung, and Blood
Institute-sponsored, randomized Hybrid Trial (Hybrid Coronary Revascularization Trial) was initiated to examine whether
HCR is superior to multivessel PCl. However, enrollment was suboptimal, triggering premature study discontinuation.
HCR integrates the positive features of both PCl and CABG, albeit requiring 2 procedures rather than 1. Adequately
powered randomized trials are required to evaluate the outcomes and cost-effectiveness of HCR compared with CABG
and multivessel PCl alone. (J Am Coll Cardiol 2020;76:321-33) © 2020 by the American College of Cardiology Foundation.

health (3). Nevertheless, in addition to guidelines
directed medical therapy, a significant number of
patients with coronary artery disease (CAD) will
benefit from percutaneous coronary intervention
(PCI) or coronary artery bypass graft (CABG) either
for amelioration of symptoms in the case of PCI or to
enhance longevity in the case of CABG. PCI offers
very low risks of immediate complications and more
rapid recovery, but long-term, event-free survival
may be better with CABG in some patients (4).
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ABBREVIATIONS
AND ACRONYMS

CABG = coronary artery bypass
graft

CAD = coronary artery disease

DAPT = dual antiplatelet
therapy

DES = drug-eluting stent

HCR = hybrid coronary
revascularization

LAD = left anterior descending
artery

LIMA = left internal mammary
artery

MACCE = major adverse
cardiac and cerebrovascular
events

MIDCAB = minimally invasive
direct coronary artery bypass

OPCAB = off-pump coronary
artery bypass

PCI = percutaneous coronary
intervention

SVG = saphenous vein graft

Conversely, CABG may have increased imme-
diate complications such as bleeding, stroke,
atrial fibrillation, and prolonged hospitaliza-
tion. Nevertheless, recurrent events with
CABG are significantly reduced when
compared with those with PCI, specifically in
patients with complex disease and diabetes
mellitus (4,5).

The risks and benefits of PCI and CABG are
often independent from each other. Specif-
ically, the risks of complications after CABG

relates primarily to noncardiac patient
comorbidities  (i.e., frailty, peripheral
vascular disease, renal and/or hepatic

dysfunction), whereas the risk of complica-
tions after PCI relates primarily to the
complexity of coronary artery disease (e.g.,
as assessed by the SYNTAX [Synergy Be-
tween PCI With Taxus and Cardiac Surgery]
score). In this regard, the long-term benefits
of CABG have been largely related to the
durability of the left internal mammary ar-
tery (LIMA) graft to the left anterior

descending (LAD) coronary artery (5). Conversely,

drug-eluting stents (DESs) compared with saphenous
vein grafts (SVGs) may offer longevity advantages.
Thus, to optimize outcomes, coronary revasculariza-
tion should offer minimal invasiveness to reduce risk
and maximal durability to improve survival. As a
result, a synergistic approach combining the best of
both techniques may be considered in the treatment
of patients with multivessel CAD.

HYBRID CORONARY REVASCULARIZATION

Coronary artery revascularization by CABG and PCI in
the same patient is known as hybrid coronary revas-
cularization (HCR) (Figure 1) and may offer the best of
both procedures while minimizing the risks from
each. Using off-pump, sternal-sparing incisions or
robotic-assisted endoscopic techniques, the LIMA is
anastomosed to the LAD. This approach has been
shown to reduce neurological events, bleeding,

infection, time of mechanical ventilation, and length
of stay (6,7). The proven patency and survival bene-
fits of LIMA-LAD revascularization will enhance long-
term outcomes (5). For non-LAD vessels, DESs are
used rather than SVGs, which despite recommenda-

tions

for pan-arterial

surgical revascularization

remain the most common conduits used for non-LAD
bypass grafts worldwide (8). The longevity of SVGs
are relatively poor, with graft failure in ~20% in the
first year and reaching 70% at 15 years (9). The PRE-
VENT IV (Prevention of Autogenous Vein Graft
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HIGHLIGHTS

e HCR combines reduced invasiveness of
PCI, with a LIMA to the LAD.

e The off-pump, minimally invasive CABG
reduces cardiovascular accident,
bleeding, infection, mechanical ventila-
tion, and length of stay.

e The National Heart, Lung, and Blood
Institute-sponsored Hybrid Trial, which
randomized PCl versus HCR, was stopped
prematurely for lack of enrollment.

e Powered randomized trials are needed to
evaluate cost-effectiveness of HCR
versus CABG or multivessel PCI.

Failure in Coronary Artery Bypass Procedures) trial
reported an SVG failure of 45% at 12 to 18 months (10).
Alternatively, contemporary DESs offer long-term
patency rates of 96% to 98% (11,12).

Thus, the synergistic application of LIMA to the
LAD + DES to non-LAD vessels rather than a dichot-
omous approach of either multivessel CABG or PCI
may provide the best of both worlds, minimizing risk
and invasiveness, yet optimizing long-term outcomes
(Central Illustration).

PATIENT SELECTION

The ideal candidate for HCR has multivessel CAD
involving the LAD and/or left main coronary arteries
with at least 1 other coronary artery stenosis
amenable to PCI (6,13). In patients with true distal left
main bifurcation disease, HCR will provide a LIMA
graft to LAD and a DES from the left main into the
proximal left circumflex artery (13). All patients un-
dergoing HCR should have the ability to tolerate dual
antiplatelet therapy (DAPT) for at least 3 months and
up to 12 months or longer according to the clinical
presentation and relative risks of ischemia versus
bleeding.

The robotic, off-pump approach is ideal for high-
risk patients with multivessel CAD (14-16). Further-
more, in elderly patients with calcific aortas, HCR
may reduce the risk of stroke (13,14). Patients with
decreased left ventricular ejection fraction can un-
dergo LIMA to LAD grafting totally off pump,
reducing the chances of perioperative systolic failure
(14). Patients with carotid disease, lack of vein con-
duits, and chronic kidney disease may also benefit
from HCR (14,16). Finally, patients who are obese
and/or diabetic will get the survival benefit of a LIMA
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FIGURE 1 An Example of HCR

Coronary angiography shows a long severe lesion in the mid-left anterior descending (A), a long lesion in the first obtuse marginal branch of the left circumflex artery
(B), and a focal severe stenosis in the posterolateral branch of the right coronary artery (C). Through a minimally invasive direct coronary artery bypass, the left anterior
descending artery is bypassed with a left internal mammary artery. Angiography 3 days later shows widespread patency of the left internal mammary artery (D). The left
circumflex artery and right coronary artery vessels are then treated successfully with drug-eluting stents (E,F). (A to C) Arrows indicate the lesions. (D to F) Arrows

indicate the interventions. HCR = hybrid coronary revascularization.

graft without the risk of median sternotomy or sternal
wound infection (17).

THE HYBRID PROCEDURE

SURGICAL CONSIDERATIONS. As previously
mentioned, the LIMA-LAD graft may be performed
using one of the following: a minimally invasive
sternal-sparing approach; open sternotomy; or
robotic-assisted, endoscopic surgery.

The sternal-sparing approach, also known as
minimally invasive direct coronary artery bypass
(MIDCAB), is defined as LIMA mobilization in an open
fashion through a limited anterior or lateral thora-
cotomy incision. The anastomosis to the LAD is per-
formed by hand, on the beating heart (18).

The open sternotomy off-pump approach, also
known as off-pump coronary artery bypass (OPCAB)
was developed to avoid the complications of cardio-
pulmonary bypass. It uses the same LIMA mobiliza-
tion through a limited sternotomy (19).

The robotic-assisted endoscopic approach is per-
formed through 3 port accesses introduced into the

left chest. Using the Da Vinci surgical platform
(Intuitive Surgical, Sunnyvale, California), the LIMA
is harvested either in a skeletonized or pedicled
fashion. Next, a micro-thoracotomy (3 to 5 cm) is
made directly over the LAD, through which the
anastomosis is carried out similar to the MIDCAB
approach (20). The anastomosis is performed by
hand, on the beating heart (19,20). An even less
invasive approach is beating heart totally endo-
scopic coronary artery bypass, consisting of LIMA
mobilization and LAD arteriotomy and anastomosis
with the robot (21). Surgery performed with car-
diopulmonary support is not part of modern HCR
protocols.

PERCUTANEOUS CORONARY INTERVENTION. PCI is
done following appropriateness criteria for revascu-
larization (22). Second- or third-generation DES
should always be used (23). Radial intervention is
preferred to minimize vascular and bleeding compli-
cations. DAPT should be continued as per current
guidelines with duration dictated by individual pa-
tient risk (24,25).
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CENTRAL ILLUSTRATION Pursuing Optimal Revascularization in Patients With Multivessel
Coronary Artery Disease

Pursuing Optimal Revascularization in Patients wit

Synergistic LIMA-LAD
and DES-non-LAD Lesion(s)

« 7 30-day MACCE
« T Length of stay
« | Long-term MACCE*

« Excellent long-term
event-free survival

« Fast recovery

« Short length of stay

« Sternal sparing surgery

ivessel CAD

Multivessel PCls

1 30-day MACCE

« | Length of stay

- T Patency versus SVGs
« T Long-term MACCE*

Moreno, P.R. et al. J Am Coll Cardiol. 2020;76(3):321-33.

Traditionally, multivessel coronary artery disease (CAD) requiring revascularization is treated with coronary artery bypass graft (CABG) or multivessel percutaneous
coronary intervention (PCl). The benefits and complications of each technique are summarized in the figure. The synergistic approach of left internal mammary artery
(LIMA) to left anterior descending (LAD) and drug-eluting stent (DES) to non-LAD lesions is known as hybrid coronary revascularization. This approach combines the
advantages of both techniques while reducing complications, as summarized in the lower center of the figure. *In patients with high SYNTAX (Synergy Between PCI
With Taxus and Cardiac Surgery) scores or diabetes. MACCE = major adverse cardiac and cerebrovascular events; SVG = saphenous vein graft.

TIMING OF THE HCR PROCEDURES. Three possible
timing strategies can be used: CABG and PCI per-
formed simultaneously; CABG first followed by PCI;
or CABG following PCI (as shown in Table 1).
One-step HCR is performed in a hybrid suite,
starting with surgery first, followed by PCI. A signif-
icant advantage is the immediate assessment of the
LIMA-LAD anastomosis by angiography. Any major
issue with the graft can be addressed (26-28). Also,
the non-LAD PCI is performed with LAD territory
already protected and with a surgical team at the
bedside for any possible complication or unsuccessful
PCI (26). This approach reduces hospital stay, read-
mission, and improves patient satisfaction (19).
However, hybrid suites are costly and not universally
available (26). In addition, minimizing bleeding while

preventing stent thrombosis can be challenging.
Numerous approaches have been suggested for DAPT
use in this setting (27,29). The 1-step HCR approach
counts for approximately 20% of all HCR procedures
in the United States (30).

The 2-step HCR approach may include CABG first
follow by PCI or vice versa. CABG first is more com-
mon, followed by PCI the next day, weeks, or some-
times 1 to 2 months afterward (31). The LIMA-LAD
anastomosis is rapidly assessed by angiography
prior to PCI (ideally from the left radial approach).
Severe anastomotic problems can be immediately
addressed via PCI. It should be recognized, however,
that peri-anastomotic edema may lead to the appear-
ance of a pseudo-stenosis at the distal anastomotic
sites for days or weeks post-procedure (32). Thus, PCI
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TABLE 1 Hybrid Procedure: Concurrent Versus Staged Procedures

2-Step HCR

1-Step HCR

Standard HCR

Reverse HCR

MIDCAB followed by PCl as 1 procedure
another day

Complete revascularization achieved in a
single procedure; CABG of non-LAD lesions
can be performed in PCI that is unsuccessful

or complicated of the procedure

Allows immediate assessment of the LIMA-LAD
anastomosis

Short hospital stay and possibly better patient

satisfaction the PCI

Requires a hybrid room

Potential increase in bleeding, AKI and stent
thrombosis

MIDCAB first followed by PCl on

Prior LIMA-LAD graft can be
angiographically assessed and treated
if required during the second stage

Allows use of dual antiplatelet therapy
without increasing the risk of
surgical-related bleeding

Less myocardium at ischemic risk during

During the waiting period, the patient
may require urgent revascularization
of the non-LAD lesions

PCI first followed by MIDCAB on another day

Most common approach for patients presenting
with ACS of non-LAD lesions, or if non-LAD
lesion severity is much greater than LAD lesion
severity

If unsuccessful PCI, CABG can be performed during
the second stage of the procedure

Complex antiplatelet therapy management;
potentially higher risk of stent thrombosis and/or
bleeding

Unable to angiographically assess the LIMA-LAD
graft

ACS = acute coronary syndrome; AKI = acute kidney injury; CABG = coronary artery bypass graft; HCR = hybrid coronary revascularization; LAD = left anterior descending
artery; LIMA = left internal mammary artery; MIDCAB = minimally invasive direct coronary artery bypass; PCl = percutaneous coronary intervention.

of the distal LIMA-LAD anastomosis should generally
be avoided unless there is TIMI (Thrombolysis In
Myocardial Infarction) flow grade 0 to 2 or ongoing
ischemia, regardless of the severity of the stenosis. If
PCI is required, it should be performed with an un-
dersized, low-pressure balloon, with the goal of
restoring patency only.

After the LIMA graft is assessed, stent implantation
of the remaining diseased segments is performed.
DAPT may be given without the risk of mediastinal
bleeding (20). Potentially, lesion instability in the
waiting period between the CABG and PCI may
require earlier, nonplanned hospitalization (33).

The final approach includes the performance of PCI
first, followed by CABG. Also known as reverse HCR,
this approach is usually preferred in the setting of
acute coronary syndromes when the culprit lesion is
located in a non-LAD vessel (or occasionally in stable
CAD when the severity of the non-LAD stenoses are
significantly greater than that of the LAD). Stenting of
the non-LAD artery (arteries) is performed first and
the LIMA to LAD is scheduled after 30 days, when oral
P2Y,, blockers can be withheld. However, all surgical
procedures activate platelets and invoke a systemic
inflammatory response, increasing the risk of stent
thrombosis, especially after early interruption of
DAPT (34). In patients with high risk for stent
thrombosis an alternative may include in-hospital
admission 3 to 5 days before surgery, stopping oral
P2Y,, inhibitors, and bridging treatment with intra-
venous cangrelor (35).

EVIDENCE SUPPORTING HCR

The evidence supporting HCR is shown in Table 2.

HCR VERSUS CONVENTIONAL MULTIVESSEL CABG.
In a prospective nonrandomized study, Bachinsky
et al. (26) reported significant reductions in blood
transfusions and hospital length of stay favoring HCR
(p < 0.01). In the HCR versus CABG arm of the Shen
et al. (27) observational study, HCR was associated
with improved outcomes at 3-year follow-up.
Freedom from major adverse cardiac and cerebro-
vascular events (MACCE) were 93.6% after HCR,
86.5% after CABG, and 77.3% after PCI (p = 0.003).
The POL-MIDES (Safety and Efficacy Study of Hybrid
Revascularization in Multivessel Coronary Artery
Disease) trial was a prospective, single-center, ran-
domized, pilot trial of 200 patients comparing HCR
with conventional CABG (36). The 5-year respective
rates of death (6.4% vs. 9.2%), myocardial infarction
(4.3% Vvs. 7.2%), repeat revascularization (37.2% vs.
45.4%), and stroke (2.1% vs. 4.1%) were numerically
in favor of HCR, but comparisons were not statisti-
cally significant (17). Despite the modest sample size,
this trial suggested that HCR is safe and feasible in
patients with multivessel disease referred for surgical
revascularization. A small randomized pilot study
done by Esteves et al. (37) showed no differences in
mortality or MACCE at 2 years, but there was a ten-
dency for increased revascularization and MACCE in
the HCR arm compared with in the CABG arm in pa-
tients with complex multivessel disease and high
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TABLE 2 Major Hybrid Revascularization Studies
30-Day Blood Transfusion Stroke
First Author, Year (Ref. #) Type of Study N Mortality (%) (%)
HCR vs. CABG
Esteves et al., 2020 (37) Prospective randomized HCR = 40 12.5 NA 0
CABG = 20 0 NA 0
Tajstra et al., 2018 (17) Prospective randomized HCR = 94 0 19 (p = 0.23) 2.1 (p=0.35)
CABG = 97 0 26 4.1
Bachinsky et al., 2012 (26) Prospective cohort HCR =25 0 (p=0.99) 12 (p < 0.001) 0 (p = 0.999)
CABG = 27 3.7 67 0
HCR vs. OPCAB
Hage et al., 2019 (42) Retrospective propensity matching HCR = 147 0 (p = 0.15) 15 (p = 0.6) 21
OPCAB = 216 1 28 1
Song et al., 2016 (40) Prospective propensity matching HCR = 573 NA 29.2% (p = 0.076) 0 (p = 0.046)
OPCAB = 700 NA 39.6 3.6
Halkos et al., 2011 (39) Retrospective propensity matching HCR = 147 0.7 (p = 0.84) 35.4% (p < 0.001) 0.7 (p =0.8)
OPCAB = 588 0.9 56% 0.7
Vassiliades et al., 2009 (48) Prospective propensity matching HCR = 91 0 (p =0.20) NA 0 (p=0.31)
OPCAB = 4,175 1.7 NA 1.1
HCR vs. CABG vs. PCI
Ganyukov et al., 2020 (43) Prospective randomized HCR = 49 1.9 9.6 3.2
PCl = 49 0 0 0
CABG = 51 0 20 0
Qiu et al., 2019 (49) Retrospective propensity matched cohort HCR = 47 0 NA 4.5
PCl = 47 0 NA 6.8
OPCAB = 47 2 NA 6.8
Shen et al., 2013 (27) Retrospective propensity matched cohort HCR = 141 NA 213 2 (p = 0.083)
PCl = 141 NA 3
CABG = 141 31.9
HCR vs. PCI
Puskas et al., 2016 (6) Prospective propensity matched cohort HCR = 200 0.5 NA 2.5 (p = 0.021)
PCl =98 0 0
Meta-analysis HCR vs. CABG/OPCABt
Nolan et al., 2018 (33) 9 studies, CABG and OPCAB included HCR = 306 49 48 1.6
CABG = 918 2.1 67 2.5
OR: 1.35 (0.72-2.52) OR: 0.43 (0.27-0.68) OR: 0.76 (0.34-1.73)
Reynolds et al., 2018 (50) 14 studies, conventional CABG only HCR = 1,350 NA 22.8 0.9
CABG = 2,910 NA 46.1 1.4
OR: 0.38 (0.31-0.46) OR: 0.72 (0.31-1.69)
Sardar et al., 2018 (51) 9 studies, CABG and OPCAB included HCR = 735 1.2 19 0.9
CABG = 1,510 0.9 44 1.9
OR: 1.72 (0.38-7.82) OR: 0.29 (0.14-0.56) OR: 0.53 (0.23-1.20)
Harskamp et al., 2014 (38) 6 studies, CABG and OPCAB included HCR = 366 0.6 NA 0.3
CABG = 824 0.8 0.6
OR: 0.85 (0.24-2.99) OR: 0.93 (0.24-3.59)
*Values are mean or mean + SD. tORs are reported with (95% Cl).
Cl = confidence interval; MACCE = major adverse cardiac and cerebrovascular events; NA = not available; OPCAB = off-pump coronary artery bypass; OR = odds ratio; other abbreviations as in Table 1.

SYNTAX scores. This increase in repeat revasculari-
zation after HCR compared with CABG was also
observed in a 9-study meta-analysis by Nolan et al.
(33). However, HCR was associated with shorter ICU
and hospital stays and fewer infections compared
with CABG, with non-significant differences in mor-
tality and MACCE (33). Finally, a meta-analysis by

Harskamp et al. (38) reported nonsignificant differ-
ences in the rates of death, myocardial infarction,
stroke, or repeat revascularization between HCR and
CABG at 1 year (HR: 0.49; 95% confidence interval:
0.20 to 1.24; p = 0.13). Importantly, all randomized
comparisons of HCR versus CABG published to date
have suffered from inadequate sample size.
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TABLE 2 Continued
Patent LIMA-LAD Hospital Length of Any MACCE Revascularization Death
(%) Stay (Days)* Follow-Up Time (%) (%) (%)
HCR vs. CABG
NA NA 2 yrs 19.3 14.5 12.5
NA NA 5.9 5.9 0.0
NA
96 8.6 + 4.1 (p = 0.86) 5 yrs 45.4 (p = 0.39) NA 6.4 (p = 0.69)
NA 85+52 53.4 9.2
NA 5.1+ 2.8 (p = 0.008) 30 days 0 (p = 0.999) NA 0 (p = 0.999)
9.1+54 0 3.7
HCR vs. OPCAB
NA 4.5 (p = 0.10) 8yrs NA 9(p=0.8) 4 (p = 0.054)
NA 8.1 NA 8 15
NA 7 (p = 0.627) 3yrs 7.4 (p = 0.612) 4.7 (p = 0.488) 2.7% (p = 1.00)
NA 7 8 23 2.8
95.2 (p < 0.001) 6.6 £ 6.7 (p=0.48) 5yrs 2(pp=1) 12.2 (p < 0.007) 13.2 (p = 0.61)
99 6.1+47 2 37 15.7
NA NA 3yrs 10 NA 6 (p=0.14)
NA NA NA NA n
HCR vs. CABG vs. PCI
NA 13.5 1yr 13.4 (p = 0.83) 13.5 (p = 0.095) 5.8 (p = 0.78)
NA 13.8 13.2 17 3.8
4.5 12 4 2
NA 15.3 + 4.5 (p = 0.027) 4.9 yrs 1 (p = 0.007) 4.5 (p = 0.002) 1(p=0.811)
NA NA 35 2.2 2
NA 17.6 £ 5.4 13 22 2
98 8.19 + 2.54 3yrs 9 (p = 0.003) 6 (p < 0.001) 0.7 (p = 0.034)
NA NA 19 18 3.5
98 8.49 + 2.54 32 3 2.8
HCR vs. PCI
NA NA 2yrs 1.5 (p = 0.103) 7 (p = 0.061) 1.5 (p = 0.012)
12.2 (p = 0.103) 10.2 (p = 0.084) 2 (p = 0.016)
Meta-analysis HCR vs. CABG/OPCABt
NA NA =1yr 8 6.3 2.4
12 1.8 3.9
OR: 0.71 (0.31-1.62) OR: 3.1 (1.39-6.90) OR: 0.64 (0.28-1.47)
NA Mean difference: —1.48 =1yr NA NA 1.7
1.8
OR: 1.15 (0.69-1.92)
NA NA =1yr 3.6 3.8 13
5.4 4.5 1.5
OR: 0.53 (0.24-1.16) OR: 1.28 (0.50-2.83) OR: 0.85 (0.38-1.88)
NA NA =1yr 4.1 8.3 4.5
9.1 34 7.3
OR: 0.49 (0.20-1.24) OR: 3.25 (1.80-5.87) OR: 0.73 (0.29-1.85)

HCR VERSUS OPCAB

Halkos et al. (39) compared HCR versus OPCAB in
patients with left main disease. HCR was associated
with reduced blood transfusions and mechanical
ventilation. MACCE rates were similar in both groups.
Song et al. (40) noted reductions in chest tube
drainage, mechanical ventilation, and intensive care
unit stay in propensity-matched patients having
1-step HCR compared with OPCAB. Again, MACCE
rates were similar in both groups. Harskamp et al. (41)

reported a 46% reduction of troponin I release after
HCR compared with after OPCAB, suggesting reduced
myocardial injury with HCR. Finally, Hage et al. (42)
demonstrated a trend toward reduced mortality over
a long period of follow-up in patients that underwent
single-stage HCR compared with OPCAB.

HCR VERSUS CABG VERSUS PCI

Shen et al. (27) from Beijing reported an underpow-
ered, 3-way comparison of propensity-matched
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Among patients in the low and medium SYNTAX (Synergy Between PCI With Taxus and Cardiac Surgery) score tertiles, the long-term major adverse cardiac
and cerebrovascular events (MACCE) rate in the hybrid coronary revascularization (HCR) group was similar to those in the coronary artery bypass graft
(CABG) (p = 0.70 and p = 0.25, respectively) and percutaneous coronary intervention (PCI) groups (p = 0.22 and p = 0.11, respectively). Among patients in
the high SYNTAX score tertile, 1-step HCR had lower long-term MACCE rates than that with PCI (p = 0.002), but similar to that with CABG (p = 0.36).

Reprinted with permission from Shen et al. (27).

patients who had 1-step HCR (LIMA-LAD via
mini-sternotomy plus DES to non-LAD lesions) versus
isolated CABG via sternotomy versus multivessel PCI.
At 3-year follow-up, the cumulative MACCE rate in
the hybrid group (6.4%) was significantly lower than
that in the PCI group (22.7%; p < 0.001), but it was

nonsignificantly different than that in the CABG
group (13.5%; p = 0.14). HCR had numerically lower
cumulative MACCE than either CABG or PCI across all
3 tertiles of the SYNTAX score; in particular, the
MACCE rate for patients in the high SYNTAX score
tertile was significantly lower after HCR than after PCI
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FIGURE 3 MACCE-Free Survival at End of Study Follow-Up in the Hybrid Pilot Study
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In a multicenter observational study of HCR (n = 200) and multivessel PCI (n = 98) in patients with hybrid-eligible coronary anatomy, the
risk-adjusted MACCE rates were similar between groups through 12 months of follow-up. During longer follow-up, the event-free survival
curves for HCR versus PCI began to diverge, with increasing MACCE in the multivessel PCI group, although the differences remained
nonsignificant. Reprinted with permission from Puskas et al. (6). DES = drug-eluting stent; other abbreviations as in Figures 1 and 2.

(p = 0.002) but similar to that for CABG (p = 0.36) ischemia at short-term follow-up (12 months) be-
(Figure 2). A recent small, prospective randomized tween HCR and PCI. However, significant reductions
study done by Ganyukov et al. (43), did not find sig- in hospital stay and major bleeding were observed in
nificant differences in MACCE or residual myocardial the PCI arm.

TABLE 3 MACCE Rates From the Multicenter Hybrid Pilot Study
HCR (n = 200) PCI With DES (n = 98)
n Incidence Rate Per Person-Year n Incidence Rate Per Person-Year HR (95% CI)
MACCE incidence at 30 days
Any MACCE 6 0.393 2 0.264 2.658 (0.839-8.421)
Death 1 0.064 0 0.000
Myocardial infarction 3 0.195 1 0.131
Stroke 0 0.000 0 0.000
Revascularization 4 0.260 1 0.131
MACCE incidence at 12 months
Any MACCE 23 0.143 10 0.119 1.063 (0.666-1.697)
Death 3 0.017 1 0.01
Myocardial infarction 4 0.024 3 0.034
Stroke 5 0.030 0 0.000
Revascularization 14 0.085 8 0.094
MACCE incidence through end of study
Any MACCE 23 0.103 12 0.103 0.868 (0.556-1.355)
Death 3 0.012 2 0.016
Myocardial infarction 4 0.017 3 0.024
Stroke 5 0.021 0 0.000
Revascularization 14 0.061 10 0.084
DES = drug-eluting stent; HR = hazard ratio; other abbreviations as in Tables 1 and 2.
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Advantages

TABLE 4 Potential Advantages and Disadvantages of Hybrid Revascularization

Disadvantages

Faster recovery time compared with traditional CABG

ventilation, and length of stay compared with traditional CABG
Sternal-sparing incisions, no aortic manipulation, and no use of
cardiopulmonary bypass compared with traditional CABG

Higher patency rate of LAD lesions treated with a LIMA than DES,
and of non-LAD lesions treated with contemporary DES
compared with SVGs

Theoretically better long-term event-free survival compared with
multivessel PCI of conventional CABG

Not suitable for emergency operations
Reduced neurological events, bleeding, infection, time of mechanical Longer recovery time compared with PCI alone

Patients without LM or LAD disease are not candidates

Technically more challenging than conventional CABG or multivessel PCl

Special and costly equipment is needed (hybrid rooms, robotic surgical
systems); in-hospital costs of 2 procedures likely greater than PCl or CABG
alone

LM = left main artery; SVG = saphenous vein graft; other abbreviations as in Tables 1 to 3.

HCR VERSUS PCI

The prospective, observational Hybrid pilot study
sponsored by the National Heart, Lung, and Blood
Institute explored the feasibility and practices of HCR
in patients with hybrid-eligible coronary anatomy
(defined as a proximal and/or mid LAD lesion plus at
least 1 other non-LAD lesion) at 11 clinical centers in
North America (6). Two hundred and ninety-eight
patients were enrolled, including 200 treated with
HCR and 98 treated with multivessel PCI with DES at
the discretion of local cardiologists and surgeons. The
HCR approach included robotic (n = 108), robotic
totally endoscopic (n = 42), MIDCAB (n = 38), and
planned sternotomy (n = 12) approaches. Event-free
survival was similar between the 2 groups at
12 months (hazard ratio: 1.06; 95% confidence inter-
val: 0.66 t0 1.69) and at 18 months (hazard ratio: 0.86;
95% confidence interval: 0.56 to 1.36) (Figure 3,
Table 3). This effort provided the data necessary to
design a prospective randomized comparative effec-
tiveness trial, the Hybrid Trial (Hybrid Coronary
Revascularization Trial) (44).

THE HYBRID TRIAL

The Hybrid Trial (NCT03089398) was a National
Heart, Lung, and Blood Institute-sponsored multi-
center randomized controlled trial of HCR versus PCI
designed to enroll 2,354 patients with multivessel
CAD involving the LAD distribution at 70 sites in
North America. The protocol included follow-up at
30 days, 6 months, and every 6 months through 5
years. The trial was powered to detect superiority of
HCR compared with PCI for MACCE (all-cause death,
myocardial infarction, stroke or unplanned repeat
revascularization). A total of 200 patients were
enrolled. Unfortunately, slow enrollment in North

America, combined with delayed recruitment of
clinical sites outside North America, triggered pre-
mature discontinuation of the trial by the National
Heart, Lung, and Blood Institute. The analysis of the
200 randomized patients is ongoing and the 2-year
outcomes will be presented in the near future.

DEVELOPMENT OF A HYBRID HEART TEAM

The performance of HCR depends on the develop-
ment and maintenance of a cooperative (coronary)
heart team. While the contemporary heart team is
devoted to structural heart cases in many in-
stitutions, the original concept of a heart team
developed during the early days of PCI. The neces-
sary elements of such a coronary heart team depend
on multiple factors that we believe must be common
among all centers seeking to provide optimal
care for patients with coronary artery disease. These
are:

1. A shared recognition by interventional cardiolo-
gists and coronary surgery specialists that medical
management, PCI, and surgical revascularization
all must play important roles in the care of coro-
nary patients with multivessel CAD, and that a
collaborative coronary heart team is the sine qua
non of genuinely patient-centered comprehensive
coronary care.

2. A shared recognition that “‘can’ does not equal
‘should.”” In other words, the evident feasibility of
either multivessel PCI or surgical revascularization
in an individual patient is not an indication to
perform that procedure. Rather, only a collabora-
tive discussion of the relative short- and long-term
benefits of guidelines directed medical therapy,
PCI, traditional CABG, and HCR can optimize the
assignment of patients to each of these alternative
therapies.


https://clinicaltrials.gov/ct2/show/NCT03089398?term=NCT03089398&amp;draw=2&amp;rank=1
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3. A collective skill set that allows the institutional
coronary heart team to offer state-of-the-art care
in guidelines directed medical therapy (with
close follow-up and high level of compliance),
multivessel PCI (with contemporary DESs, tech-
nical excellence, and routine use of fractional
flow reserve), CABG (with multiple or all-arterial
conduits, minimizing or avoiding aortic manip-
ulation) and HCR (with minimally invasive
sternal-sparing techniques, applied with a high
level of success and minimal morbidity and
mortality).

4. When items 1 to 3 are achieved, then the coro-
nary heart team will collaboratively decide which
therapy to recommend to each individual patient,
based not on a zero-sum competition but on an
assurance that all members of our heart team will
collectively benefit by fulfilling our ethical obli-
gation to provide the best care to every patient.
For instance, in our institution, this has led us to
recommend PCI for many elderly frail patients
whose coronary anatomy might traditionally be
referred for CABG, whereas many younger pa-
tients (especially diabetic patients) whose multi-
vessel CAD is commonly treated with multivessel
PCI at other centers are referred for CABG with
multiple arterial conduits. Patients who might
have PCI are typically offered HCR, as are many
patients with CABG-like coronary artery disease
who are referred from inside or outside our
institution for surgery.

It is our strong impression that the collaborative
culture of the coronary heart team at our institution
has been an important driver of programmatic
excellence and growth.

COST ANALYSIS

The impact of HCR on hospital costs and reimburse-
ment was elegantly calculated by Halkos et al. (45).
Medicare patients undergoing HCR versus CABG were
compared. Despite a higher total cost for HCR when
compared with OPCAB, Medicare reimbursements
were significantly higher for HCR than for OPCAB. In
addition, there was a reduction in blood transfusion,
ventilator time, and post-operative length of stay in
favor of HCR. As a result, the total contribution
margin (+$8,771; p < 0.0001) was greater for HCR
than for OPCAB.

Moreno et al.
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CONCLUSIONS AND FUTURE DIRECTIONS

The benefits of traditional CABG principally arise
from the LIMA anastomosis to the LAD, because a
single arterial conduit continues to be used in the
large majority of cases (8). Moreover, conventional
CABG is a highly invasive procedure with increased
risk of stroke and short-term morbidity compared
with less invasive options such as PCI (4).
HCR retains the benefits of the LIMA anastomosis
to the LAD without the comorbidities associated
with traditional CABG. Furthermore, contemporary
DESs may provide superior long-term results
compared with SVGs in the treatment of non-LAD
lesions in many patients. HCR thus integrates
the positive features of both PCI and CABG
(Table 4).

The evidence that HCR may reduce in-hospital
complications and length of stay and improve pa-
tient satisfaction compared with conventional CABG
while preserving the benefits of the LIMA and
replacing SVGs with DES suggests the potential utility
of HCR. Ongoing technical refinements of advanced
hybrid revascularization offering multiple internal
mammary arterial grafts done totally endoscopically
hold great promise (46). However, minimally invasive
surgical techniques also have a distinct learning curve
(47). The success of HCR (and indeed optimizing
revascularization in all patients with complex CAD)
depends on close collaboration among general cardi-
ologists, interventional cardiologists, and cardiac
surgeons in a formal heart team setting. Finally,
despite the intuitive advantages of the HCR approach
in combining the best that both CABG and PCI have to
offer, the safety, efficacy and cost-effectiveness of
this approach must be proven in appropriately pow-
ered randomized trials, especially given the upfront
costs of performing 2 procedures (in most HCR stra-
tegies) as opposed to a single multivessel PCI or
CABG.
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