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Anatomic and Clinical Eligibility for HCR

1. Proximal (complex) or ostial LAD lesion with distal LAD 

amenable to LIMA-LAD bypass grafting, esp by minimally 

invasive techniques

2. Non-LAD lesion(s) amenable to PCI; esp Type A focal 

lesions

3. No contraindications to dual antiplatelet therapy

4. Complex distal LM lesions if the ostial LCx artery is 

amenable to PCI





Hybrid Coronary Revascularization:
Planned combination of surgical and percutaneous techniques in two different coronary

territories, both scheduled and performed within a predefined time period in a patient with multi-

vessel coronary artery disease







YEAR n SVG imaged (SVG
occluded) at 12 m

SVG occlusion 
rate % 

Puskas et al 2004 153 306 (10) 3.2

Alexander et al 2005 1920 4537 (500) 11

Sabik et al 2005 4333 8733 (1621) 18

Cho et al 2007 833 218 (40) 13

Desai et al 2007 440 440 (60) 13.6

Kim et al 2008 240 121 (11) 9.9

14355 (2242) 11.45

SVG graft patency for non-LAD targets 



DES stents patency for non-LAD target 

YEAR n Restenosis > 
50% 6-12 m

Stent 
thrombosis

Silber et al 
TAXUS II

2009 536 2.4 0.1

Meredith et al 
ENDEAVOR I 

2009 100 5.4 1

Fajadet et al
ENDEAVOR II

2010 1197 9.4 0.5

Kandzari et al 
ENDEAVOR III

2011 436 9.2 0

Serruys et al
SPIRIT I

2005 60 0 0

Serruys et al 
SPIRIT II

2006 300 2.1 0.9

Stone et al 
SPIRIT III

2008 1002 2.3 0.8

Average 4.39 0.47





Case Presentation: 
2-Vessel CAD Including Proximal LAD Stenosis

• 58 yo male Jehovah’s Witness 

(refusing any blood transfusion)

• PMH: 

– testicular cancer s/p resection and chemoRx

– HTN, HLD

• Presenting with unstable angina for 2 weeks



Preop Coronary Angiography: 
2VD Including Proximal LAD Stenosis



HCR OR Set Up 



HCR: Robot Set Up 



HCR: Robotic LIMA Harvest 



HCR (1st Stage): LIMA to LAD Anastomosis  



HCR: LIMA to LAD Flow Measurement  
(Transit Time Doppler) 



HCR (2nd Stage): LIMA Angiography and RCA stent 







Since 1996 multiple single centers’ experience for a total of >3000 patients treated with 
HCR. CABG was performed before PCI in one half of HCR procedures, PCI was performed 
first in 26% and one stop/combined procedure was the least popular choice (22.8%).  



Outcomes with HCR have been excellent, with ICU LOS < 1d and Hospital LOS 4-6d; 
survival typically >95% at 1-5yrs; event free survival 75-95% at 1-5yrs; 0-17% repeat 
revascularization at 2-5 yrs.

































Hybrid Observational Study

• Prospective cohort observational study 

• 11 US clinical sites

• To inform design of an RCT of HCR vs. 

multivessel PCI (DES)

– Feasibility of recruitment (# anatomically eligible pts)

– More precise characterization of population 

undergoing HCR

– Variability of treatment approaches

– Event rates (MACCE)



HCR Study Population

• Median follow-up 

post-revasc 17.6 

± 6.5 months

• Analysis included 

339.8 person-

years at risk

Clinical Site HCR PCI*

Brigham and Women's Hospital 0 1

Columbia University 3 23

Duke University Medical Center 3 5

Emory University 79 4

Lankenau Hospital 31 7

Montefiore Medical Center 26 14

Ohio State University 9 6

University of Maryland Medical Center 36 6

University of Pennsylvania 9 26

University of Virginia Health System 2 4

Vanderbilt University Medical Center 2 2

Total 200 98

*All anatomically & clinically eligible for HCR 





NIH Hybrid Coronary 
Revascularization Randomized Trial

CCC: John Puskas (Mount Sinai) and Gregg Stone (CRF)

DCC: Emilia Bagiella, Alan Moskowitz (Mount Sinai)



Objectives

• To evaluate the safety and effectiveness of hybrid coronary 
revascularization (HCR) compared to multi–vessel 
percutaneous coronary intervention (PCI) with drug-eluting 
stents (DES) in patients with multi-vessel coronary artery 
disease (CAD) involving the Left Anterior Descending (LAD) 
and/or Left Main (LM) arteries. 

• The primary objective of this trial is to determine whether 
hybrid coronary revascularization is associated with a 
reduction in Major Adverse Coronary and Cerebrovascular 
Events (MACCE) compared to PCI with DES.



Study Design

• Prospective, randomized, multi-center, 
comparative effectiveness trial

• Patients randomized with equal allocation 
(1:1).  

• Registry-based Trial

– Society of Thoracic Surgeons (STS) Data Registry  

– National Clinical Data Registry (NCDR) Cath/PCI 
databases



Centralized Data Acquisition

• Baseline and peri-procedural data collection will be extracted directly 
from the Society of Thoracic Surgeons (STS) Data Registry and the 
National Clinical Data Registry (NCDR) Cath/PCI databases. 

• Limited additional data may be collected to assess coronary anatomy, 
pharmacology specific to the procedure, device usage, etc. 

• All follow-up data collection, with the exception of minimal data 
collection at a point of care post-intervention clinical visit, will be 
collected centrally via phone follow-up by the Hybrid Trial Data 
Coordinating Center (DCC), will focus solely on patient-reported 
MACCE and QOL, and will be supplemented by limited supporting 
documentation to verify MACCE events and obtain costing data. 

• All MACCE events will be adjudicated by a Clinical Events Committee 
(CEC). 



Target Population & Interventions

• Patients with multi-vessel CAD involving the 
proximal or mid LAD distribution with a clinical 
indication for revascularization and eligible for 
both HCR and multi-vessel PCI with DES

• 2354 patients will be randomized:

– HCR with Left Internal Mammary Artery (LIMA) to 
LAD + PCI of non-LAD vessels

– Multi-vessel PCI with DES, including the LAD



Primary Endpoint

The occurrence of MACCE, defined as all-
cause mortality, myocardial infarction (MI), 
stroke, and repeat revascularization over a 
minimum of 5 year follow-up after 
randomization



Secondary Endpoints

Cardiovascular Events
• MACCE at each data collection time 

point 

• Individual components of MACCE 

– All-cause mortality

– Repeat revascularization (all-cause)

– Stroke

– Myocardial infarction (MI)

• Ischemia-driven repeat 
revascularization

• Cardiovascular mortality

Hospitalizations

• Re-hospitalization (all-cause and 
cardiovascular)

Health Status

• Angina Score (Canadian 
Cardiovascular Society 
Classification [CCSC])

• Quality of Life (SF-12 and EuroQOL)

Cost and Cost Effectiveness

• Resource utilization: length of 
hospital stay for index procedure (as 
relevant), readmissions

• Days alive out of hospital 

• Cost and cost-effectiveness (cost per 
quality-adjusted life year)



Selected Inclusion Criteria

• Clinical indication for coronary revascularization

• Coronary anatomy requiring revascularization as follows:

– Multi-vessel CAD involving the LAD and/or

– Distal LM and/or

– Ostial or mid-shaft LM and disease in at least 1 other epicardial 
coronary artery and/or

– LAD disease and involvement of a major Diagonal artery, both of which 
require revascularization

• Suitable candidate for both PCI with DES and HCR as determined by joint 
angiogram review by an interventional cardiologist and a cardiac surgeon 
at the clinical site

• Ability to tolerate and no plans to interrupt dual anti-platelet therapy for  
≥ 12 months 



Sample Size

• 2354 patients across a network of >50 clinical sites 

• Assuming an estimated event rate of approximately 25% in 
the PCI group at 5 years; 0.05 type I error (2-sided) and 
(a) minimum follow-up of 5 years, 

(b) 80% power, 

(c) drop-in and drop-out rates of approximately 0.5% and 2% respectively, 
annually, and 

(d) 15% loss to follow-up by end of the study, 

• 530 events will need to be observed (or 2354 patients) to 
detect a relative decrease in MACCE of ≥ 20% in the HCR 
compared to the PCI group. 

• Estimates of loss to follow-up, and cross-over rates are 
conservative and justify fixing the power at 80%. 



Duration and Funding

• Trial launch Q1 2017

• Accrual over 2 years across Network of >50 sites

• Still recruiting sites:  john.puskas@mountsinai.org

• The study will be terminated when 530 events have occurred 
or the last accrued participant has completed the 5 year 
evaluation, whichever comes first

• Funded by Collaborative RO-1 grants (convertible to UO-1)

– Mount Sinai DCC, Annetine Gelijns, Emilia Bagiella

– John Puskas, Gregg Stone, CCC



Hybrid Coronary Revascularization

• Evolving treatment paradigm for patients with 

proximal LAD disease and low SYNTAX score

• Meta-analyses and NIH HCR Observational Study 

suggest outcomes with PCI vs HCR are similar at 

12 months.

• Just-funded NIH HCR Randomized Trial will explore 

whether HCR may offer longer-term advantages 

over multivessel PCI for hybrid-eligible patients.


