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OBJECTIVES

•Define CHIP
Complex Higher-Risk PCI in Indicated Patients

•Two View Points
New Frontier

No Man’s Land

•Future Directions



DEFINE CHIP
•Complex High-Risk PCI in Indicated Patients

•Potential symptom or mortality benefit of 
revascularization in a non-surgical patient with 
complex anatomic lesions

•Acute scenario bailout

Catheter Cardovasc Interv. 2018 Dec1:92(7):1215-1219



DEFINE CHIP

Rios et al. DOI:10.1016J.amjacard.2018

Co-Morbidities in CCL Trend:

NCDR Cath PCI 
Registry Data



DEFINE CHIP

•Intersection of:

•Complex Coronary Anatomy

•Significant Co-Morbidities

•Complex Clinical Scenario



• Unprotected LM
• Bi/Tri-furcation
• SVG/LIMA
• ↑ Calcium burden
• Long diffuse lesions
• CTOs

• Low LVEF
• Significant VHD
• ESRD | DM | COPD
• Prior CABG
• Liver Disease
• PH/RV Failure 
• Malignancy

• Hemodynamic 
Instability

• Post-Arrest
• Peri/Post Trauma
• Post-Pericardiotomy
• Bailout Scenario
• Surgical TurndownPATIENT

ANATOMY CLINICAL 
SCENARIO



J Invasive Cardio. 2019 Mar;31(3):52-56

CHIP PATIENT

•10 patients with severe AS 
•ACS Presentation of NSTEMI
•All LM or MV Disease



JIC. Volume 31:Issue 3: March, 2019. 

CHIP PATIENT

•PCI with Impella support 
followed by Valvuloplasty as 
bridge to TAVR

•Radial access 8/10 patients

•No complications



CHIP PATIENT

71M 
presented to 

OSH with nose 
fracture after 
syncopal spell

Endorsed 3d 
chest pain

EKG: Inferior 
Posterior MI

One episode of 
VT

LHC showed 
trifucating LM 

disease and left 
dominant system

Elevated LVEDP 
23

Transferred with 
IABP to UMD for 

CABG 











CHIP: New Frontier



Patel MR et al. J Am Coll Cardiol. 2012,59(9):657-61; CHIP 2019 Jeffrey Moses

CHIP: New Frontier
•Patients with anatomically 
complex disease without 
surgical revascularization 
options with prognostically
or symptomatically 
important disease burden 



CHIP: New Frontier
Challenges to treatment
Lack of widespread 

technical and cognitive 
expertise 

Unclear mortality/morbidity 
benefit

Perception of lack of benefit 
amongst 
operators/referrings

Circulation 2016;134:422-31; Appropriate Use Crtieria for Coronary Revascularization Focused Update 2012

PATIENT

ANATOMY
CLINICAL 

SCENARIO



CHIP: New Frontier
OPTIMIST Program
◦ 40 state database for refractory angina

◦ 1996-2014

◦ 342/1363 patients underwent 
revascularization within 2.2 yrs after ‘no-
option’ diagnosis

◦ 2% v. 4.4% mortality at 5.1 years in 
revascularized

Catheter Cardiovasc Interv. 2018 Dec1:92(7):1215-1219



CHIP 2018 Florida, Jeffrey Moses



Jeffrey Moses CHIP 2018 Florida. 

CHIP: New Frontier
•Impella Device

• PROTECT II Trial
• RCT IABP v. Impella 2.5 in patients with LM or 

3VD and low EF undergoing revascularization
• 30d No difference/90d MAE benefit

• USPella Registry 
• Impella in AMICS

•FDA Indication for elective and 
emergent high-risk PCI



Kirtane et al. Circulation. 2016;143:422-32. 

100,000 Grant from ABIOMED



ProtectedPCI.com



CHIP: No Man’s Land

•Lack of DATA
• Anti-platelet regimens
• Women
• Elderly
• Risk stratification

•Learning Curve

•Implications for Public 
Reporting



Giustino et al. J Am Coll Cardiol 2016;68:1851-64; Yeh et al. J Am Coll Cardiol 2017;70:2213-23

DAPT Trial

• 11,554 patients -> 12 v. 30 months DAPT

• Randomization at 12m if no bleed/ischemic 
event

• Subset with complex disease (3700) reviewed 

• No interaction of MI/ST/MACCE with 
procedural complexity

• More events in 1st year in complex patients 

CHIP: DAPT



CHIP: WOMEN

Percent Enrollment Male

TRIAL Arm 1 Arm2

CTO NCDR 78% 78%

Protect II 80.6% 82%

Excel 78% 74%



J Am Coll Cardio Intv 2018;11:1234-43

•1905 Patients, 441 Women (23%)
•Women had more co-morbidities (HTN, CHF, DM)
•Women had lower Syntax scores, more complete revascularization
•At 30d, women had more cardiac death/MI/Stroke with PCI than 
men and compared with CABG

Underpowered Sub-Group 
Analysis of RCT



CHIP: WOMEN

J Am Coll Cardio Intv 2018;11:1234-43

No sex interaction 
after multi-variate 
analysis



Shanmugasundaram Madhan. Tex Heart Inst J. 2011; 38(4):398-403

ELDERLY AND PCI
•Higher in-hospital mortality and long-term mortality

• More Vascular and Bleeding complications

• More extensive, complex, calcified, tortuous CAD

• Frailty

• More Co-morbidities – PAD/COPD/CKD

• Physiology
• Endothelial dysfunction
• Diastolic dysfunction



Peshad et al. Am J Cardiol 2014; 114:657-664

CHIP IN ELDERLY:

•PROTECT II in Octegenarians:
• 59 pts > 80 vs. 368pts < 80

• No significant difference in vascular 
complications (3.4% v 2.4%)

• No significant difference in 90d MACCE/MACE

• Lesser revascularization in >80 group (1.7% vs 
10.4%)

• More calcified and more LM disease in > 80

* RCT Patients with reduced LVEF undergoing elective HR-PCI 
with depressed LVEF randomized to Impella or IABP*



RISK ASSESSMENT
Unique co-morbidities and clinical features not incorporated in 
current risk calculators
 Surgical inoperability
Malignancy
 Liver Disease
Trauma
Pre-transplant status 

Farooq et al. Heart 2011;97:1902-13



Henriques JP et al. International Journal of Cardiology 189 (2015) 272-78

RISK ASSESSMENT

Combined anatomic and clinical 
risk calculators may hold promise
 Syntax II Score



CHIP: No Man’s Land

•Lack of DATA
• Anti-platelet regimens
• Women
• Elderly
• Risk stratification

•Learning Curve

•Implications for Public 
Reporting





Jaya Mallidi. “The Yin and Yang of Interventional Cardiology: Physician and Proceduralist.” Medscape. February 20, 2019.



LEARNING CURVES
Cognitive
 Nuances of case selection: Under-treating and Over-treating
 Communication of risk

Technical
 CTO/Atherectomy/Bifurcation/MV PCI
 Complication management
 Imaging: IVUS and OCT

Circulation 2016;134:422-31; JACC:Cardiovascular Interventions Volume 2, Issue 9, 2009:834-42

HEART TEAM 
APPROACH



Learning Curves
Outcomes at 30 Days

High-volume Operator (n=1,422) Low-volume Operator (n=526)
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CHIP: No Man’s Land

•Lack of DATA
• Anti-platelet regimens
• Women
• Elderly
• Risk stratification

•Learning Curve

•Implications for Public 
Reporting



Waldo et al. Circulation Volume 130(25). November 2014

PUBLIC REPORTING
•Patients undergoing UPLM or MVD PCI at BWH/MGH

•22% of 1013 patients documented in EMR as ineligible for surgery

•After risk-adjustment, surgical ineligibility independently predictive 
of in-hospital and long-term mortality
• 7% vs. 1% In-hospital mortality

•Value – based reimbursement



CHIP: FUTRE DIRECTIONS

Prevalence of ‘CHIP’ Population

Outcomes 

Cost of revascularization of CHIP patients
How widespread are adequately trained ICs to perform complete 
revascularization across complex lesion subsets

What is the long-term durability of PCI in CHIP lesions

Outcomes in male versus female CHIP patients and elderly patients

Circulation 2016;134:422-31



CHIP: FUTURE DIRECTIONS

Jeffrey Moses. CHIP at ACC 2019. ‘Is CHIP Relevant in 2019?’

CHIP CENTERS OF EXCELLENCE

• Complex PCI Skills: 
• Bifurcation Disease
• MVD PCI
• Rotational Atherectomy
• Antegrade and Retrograde CTO

• Hemodynamic Support Expertise
• Critical Care Physician/Heart Failure Physician/Shock Team
• Advanced Surgical Capabilities: ECMO, Tandem Heart, DT-VAD



CHIP CENTERS

LEVEL 1 LEVEL 2 LEVEL 3

10+ CTO
10+ Atherectomy

12+ MCS

20-25+ CTO
10+ Atherectomy

20+ MCS

50+ CTO
15+ Atherectomy

50+ MCS

Jeffrey Moses. CHIP at ACC 2019. ‘Is CHIP Relevant in 2019?’

ANNUAL VOLUMES PER OPERATOR:



CONCLUSIONS

•CHIP patients are a complex sub-set of IC patients and a 
growing demographic

•Effective management requires cognitive and technical 
expertise

•Many areas of uncertainty remain in optimal 
management and risk-stratification of CHIP patients



Impella Support in PCI with Reduced 
AKI

Circulation Research. 2017;120:692-700



Circulation Research. 2017;120:692-700



RISK DETERMINATION

Farooq et al. Heart 2011;97:1902-13



Jeffrey Moses CHIP 2018 Florida. 

CHIP: New Frontier

Impella Device with success in supporting PCI in these patients

FDA Indication







LEARNING CURVES
 CTOs
 636 Patients 2005-2008
 Procedural Outcome of 2 Group: High CTO v. Low CTO
 Technical Success: 75% v 59%
 Higher success, increased improvement

Circulation 2016;134:422-31; JACC:Cardiovascular Interventions Volume 2, Issue 9, 2009:834-42



Kirtane et al. Circulation. 2016;143:422-32. 



Riley et al. Circulation: Cardiovascular Quality and Outcomes. 2011;4:193-97; Yeh et al. JAMA Internal Medicine. March 2015. Volume 175, Number 3.

BACKDROP OF CHIP 
•Improved GDMT and risk-factor 
modification

•Decrease in smoking 
prevalence of 3.5% 98 – 08’

• DES
•Doubled statin prescriptions 
00-05’

•COURAGE



Giustino et al. J Am Coll Cardiol 2016;68:1851-64; Yeh et al. J Am Coll Cardiol 2017;70:2213-23

•Post-hoc pooled analysis of RCTs 
evaluating DAPT duration

•1680/9577 underwent complex PCI

•Increase in PCI complexity favored 
>12m with regards of MACE

CHIP: DAPT



CHIP: WOMEN

J Am Coll Cardio Intv 2018;11:1234-43; Circulation:Cardiovascular Interventions. 2017; 10 
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