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AHA/ACC Guideline 2021





FFR (or iFR)

•Minimum Scientific and Ethical Safeguards 

to Avoid Unnecessary PCI

•No Benefit of PCI: FFR > 0.80 or iFR >0.89  



Clinical Benefit of FFR (1) 

Park SJ, Ahn JM et al.  Eur Heart J. 2013 Nov;34(43):3353-61

ASAN PCI Registry



Clinical Benefit of FFR (2) 

Death Myocardial Infarction Repeat Revascularization

• The benefit of FFR guided PCI is primarily due to

1) The reduced number of stents used per patients

2) The subsequent decreased risk of peri-procedural MI and repeat revascularization

Park SJ, Ahn JM et al.  Eur Heart J. 2013 Nov;34(43):3353-61



Clinical Benefit of FFR (3) 

Reduction of Spontaneous Myocardial Infarction

Eur Heart J . 2019 Jan 7;40(2):180-186.

Meta-analysis from FAME2, DANAMI, COMPARE-Acute



Why the Penetration of FFR is Low ?



PCI Failure or Trial Failure ?

COURAGE

FAME2

ISCHEMIA Trial

Revascularization in Stable Angina



COURAGE Trial

Boden et al. New Engl J Med 2007;356:1503-16.

32.6%

Revasc. During FU 
in Medication Group

Spontaneous MI

Medication: 119

PCI: 108

Death from Any Cause and MI



Revasc. During FU 
in Medication Group

FAME 2 Trial

P. Xaplanteris et al. N Engl J Med 2018;379:250-9

51.0%

Spontaneous MI

Medication: 54

PCI: 29

Death from Any Cause



Revasc. During FU 
in Medication Group

ISCHEMIA Trial

Boden et al. New Engl J Med 2007;356:1503-16.

23%

Spontaneous MI

Medication: 196

PCI: 130

Death from Any Cause



Revascularization 
in Medication Group

Reduction of 
Spontaneous MI
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Meta*

* Meta-analysis from FAME2, DANAMI, COMPARE-Acute

Eur Heart J . 2019 Jan 7;40(2):180-186.

ISCHEMIA Trial

COMPLETE Trial

Non culprit lesion revascularization

in STEMI with MV

≈ 0.89 (?)

0.68 (0.53-0.86)

0.67 (0.53-0.83)

0.62 (0.39-0.99)

0.59 (0.42-0.83)



Regression or Adaptation

Rapid progression or Rupture

Natural History of Stable Angina Patients 

with Moderate to Severe Ischemia Under OMT

The ISCHEMIA perspective

2591 patients 

under OMT

85% - No Event

7.6% - sMI

1.2% - uAP admission



Severe IHD that Can Affect Worse Prognosis 
Were Excluded in the Trials

Ischemic cardiomyopathy (EF < 35%): STICH Trial

N Engl J Med 2016;374:1511-20

Left Main Coronary Stenosis: Meta-analysis

Circulation. 2013;127:2177-2185

COURAGE

• Persistent CCS IV

• High-risk stress test

• LM disease

• EF <30%

• Refractory HF

ORBITA

• Multi-vessel ds

• LM disease

• LV dysfunction 

ISCHEMIA

• NYHA III-IV HF

• Refractory Angina

• LM disease 

• EF <35%

FAME II

• CABG indicated

• LM disease

• LVEF <30%

Major Exclusion Criteria



Treatment of SIHD

OMT plus Risk Factor Modification (Default Treatment)

Behavioral risk factor

• Smoking cessation

• Physical activity

• Reduced saturated fat intake 

Physiologic risk factor

• BP control

• Lipid control

• BMI control

Pharmacologic Targets

• Aspirin

• Statin

• Ezetimibe

• ACEi/ARB

• Beta blocker

Revascularization

PCI CABG

LM or iCMP (EF<35%)



Impact of COURAGE and ORBITA Trials

J Am Heart Assoc. 2022;11:e025426. DOI: 10.1161/JAHA.122.025426



Doctors (Humans) are like that. 
They don't change easily.



JAMA 2011;306(1):53-61

Acute Indication Non -Acute

71% of CASES 29% of CASES

11.6%

38.0%

50.4%

98.6%

Procedure 

Inappropriate

Benefit

Uncertain

Procedure 

Appropriate

Appropriateness of PCI

From NCDR CathPCI Registry(N=500,154)

1. No angina (53.8%)

2. Low-Risk Ischemia on Non-Invasive Stress Imaging (71.6%)

3. Suboptimal (≤1 Medication) Antianginal Medication (95.8%)



Since the publication of the Appropriate Use Criteria for Coronary Revascularization in 2009, 

there have been significant reductions in the volume of nonacute PCI

JAMA. 2015;314(19):2045-2053



Current Status of FFR Penetration (1)

IVUS use during PCI

FFR use for PCI

FAME 1
published 2-year data

ASAN PCI registry from Korea

Park SJ, Ahn JM et al.  Eur Heart J. 2013 Nov;34(43):3353-61

Use of FFR wire

(Abbott) 

2019Y: 1238

2020Y: 1096

2021Y: 1214

2022Y: 1196



Current Status of FFR Penetration (2)



Gradually, People Are Changing.



Current Status of FFR Penetration (3)

SCAAR Registry (>30%)

J Am Coll Cardiol 2020;75:2785–99

Mortality 



Current Status of FFR Penetration (4)

Veterans Affairs Registry (>70%)

J Am Coll Cardiol 2020;75:409–19



Current Status of FFR Penetration (5)

The Korea National Health Insurance Service Database (5% !!)



Nationwide Trends of Gatekeeper to Invasive Coronary 
Angiography in Suspected Coronary Artery Disease

Korean Circ J. 2022 Nov;52(11):814-825





How to Overcome Low Penetration of FFR?



Current Status of FFR Penetration (6)



PCI Trend in US and JAPAN



The Policy Change for Ischemia Assessment 
in Japan

The Japanese Ministry of Health, Labour, and Welfare 
introduced a new reimbursement policy: to reduce 
unnecessary PCIs, ischemia assessment (unless stenosis 
was very tight) was required for planned PCI beginning in 
April 2018

Although the database did not include test results of 
ischemia assessment or details of PCI-associated 
complications, the total number of planned PCIs 
decreased without an increase in all-cause mortality after 
implementation of the new reimbursement policy.

Our results have a potential clinical benefit because the 
policy change led to a reduction in the number of 
unnecessary PCIs in patients with coronary artery disease

JACC: Asia. 2023 Apr, 3 (2) 312–314

https://www.jacc.org/journal/jacc-asia

