Physiology Matters

Seung Hun Lee

Chonnam National University Hospital
South Korea



Disclosure

Relationships with commercial interests:
« Grants/Research Support: Abbott Korea, Abbott Vascular, Korean
Cardiac Research Foundation
« Speakers Bureau/Honoraria: Abbott Vascular, Boston Scientific,
Medtronic, MicroPort
e Consulting Fees: Dotter

« Other: None



Overview of Invasive Coron
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Make Our Decision Simple with FFR

62/M, Stable IHD, CCS I
CCTA: 3VD, EchoCG: EF=74%, No RWMA - CABG vs. PCI?
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Make Our Decision Simple with FFR

62/M, Stable IHD, CCS II
CCTA: 3VD, EchoCG: EF=74%, No RWMA - CABG vs. PCI?
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Make Our Decision Simple with FFR

62/M, Stable IHD, CCS li
CAG with Physiologic Study : 1VD, Functionally = PCI

Post-PCI FFR for RCA

Resting 0.98, FFR 0.88
=> Gradual step-up

3.0x23mm Xience Sierra at pPRCA
2.5x20mm DCB at PL



Summary of FFR for Clinical Practice

Pre-PCI FFR Value Pre-PCI FFR Pullback Post-PCI FFR Value Post-PCI FFR Pullback
“How Treat?” “Where Treat?” “What the Result?* “Why that Result?”

II.* FFR Gradient FFR Gradient

“Decision”
FFR-guided PCI > Angiography-guided PCI
FFR-guided PCI > Medical treatment
FFR-guided PCI = Less stenting and surgery
FFR-guided PCI = Cost-effective strategy

“Assessment”
Optimal Physiologic Results
= Better Clinical Outcomes

“Selection”
Focal vs. Diffuse disease
=> Pre-PCI Planning

“Optimization”
Major Residual FFR Gradient
- Consider Additional Procedure



Current Status of Coronary Physiology to Guide PCI

2018 ESC Guideline for Myocardial Revascularization

Recommendations Class® | Level®

When evidence of ischaemia is not avail-
able, FFR or iwFR are recommended to
assess the haemodynamic relevance of

intermediate-grade stenosis.">'”"%?

2021 ACC/AHA/SCAI Coronary Revascularization Guideline

COR LOE RECOMMENDATIONS

1. In patients with angina or an anginal equivalent, undocumented ischemia, and angiographically inter-
- mediate stenoses, the use of fractional flow reserve (FFR) or instantaneous wave-free ratio (iFR) is

recommended to guide the decision to proceed with PCI (1-6).

2. In stable patients with angiographically intermediate stenoses and FFR >0.80 or iFR >0.89, PCl should
- B-R not be performed (7-10).

Both guidelines have recommended the FFR-guided decision making as Class IA.
What about real-world data and adoption rate?



Event Probability

FFR-guided PCI improve patient survival in nationwide cohort studies

All-Cause Mortality
FFR-Guided PCI versus Angiography-Only PCI

USA Europe (Sweden) Korea
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Parikh et al. J Am Coll Cardiol 2020;75:409-19 / Volz et al. J Am Coll Cardiol 2020;75:2785-99 / Hong D,
Lee SH,,, Lee JM, JACC Asia 2022



Real-world Data of FFR-guided PCI in Korea

Health Insurance Review and Assessment Service Data
134,613 Patients with Stable and Unstable Angina (2011~2017)

Angiography-guided PCI

== FFR-guided PCI L 10.0
National Health Insurance Claim Data
(Health Insurance Review and Assessment Service)
S 20000 - (7.5
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= 10000 2
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P
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Although the annual number and proportion of FFR-guided PCI significantly increased,
only 3.8% were FFR-guided PCl in Korea.

Lee SH,,, Lee JM, JACC Asia 2022



Low Adoption Rate of FFR in Contemporary Practice

Experts emphasized the role of FFR.
Guidelines endorsed Class IA.
RWDs showed reductions in mortality.

— ‘.‘:»’ X
-~ N5

Multifactorial reasons for limited
adoption rates.

Whether FFR can reduce

1. Cost-Effectiveness

2. Additional procedural time
3. Knowledge Barrier

4. Physician attitude
remains questionable...

B <6% 6-10% B >10%

Gotberg et al. J Am Coll Cardiol 2017;70:1379-402; Rev Esp Cardiol 2018
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Real-world Data of FFR-guided PCl in Korea

Health Insurance Review and Assessment Service Data
134,613 Patients with Stable and Unstable Angina (2011~2017)

Medical Costs

. . 20.0% A
P<0.001 Il Angiography-guided PCI

$6,265 @ FFR-guidedPCI

15.0% -

$5,386

P<0.001
10.0% -

$3,142

$2,697

5.0%

0.0% -

Index Admission Follow-up Periods (4 Years)

Adverse Clinical Events

[ Angiography-guided PCI P=0.922
@ FFR-guidedPCI 15.2% 15.7%

P<0.001

1.7%

All-Cause Death Spontaneous Mi Unplanned
Revascularization

FFR-guided PCI showed significantly lower risk of all-cause death or spontaneous Ml at 4 years.
Although FFR group showed higher medical cost during index admission, cumulative medical cost
after index admission was significantly lower in the FFR group.

Lee SH,,, Lee JM, JACC Asia 2022



Incremental costs ($)

Cost-Effectiveness Analysis of FFR from Nationwide Data

Model-Based: Probabilistic Sensitivity Analysis (PSA)
Bootstrap Technique with 25,000 Replications
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Given the GDP per capita in each country, cost-effectiveness for FFR-based PCI were 93.5%, 92.3% and
90.8% for Korea, US and UK in PSA analysis, respectively.

Hong D, Lee SH,,, Lee JM, JACC Advance 2022



FFR-guided vs. Angio-guided PCI for Non-IRA Lesions

FLOWER-MI Trial

Prospective, Multi-center, Open-Label Randomized Trial
1171 MV-STEMI Patients from 41 French Centers

Primary Endpoint: all-cause death,
nonfatal Ml (+ preiprocedural Ml), revascularization

FFR 5.5% vs. Angiography 4.2% at 1 Year
96.2% staged PCI
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Hazard ratio, 1.32 (95% Cl, 0.78-2.23)
P=0.31
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N Engl J Med. 2021 Jul 22;385(4):297-308.

FRAME-AMI Trial

Prospective, Multi-center, Open-Label Randomized Trial

Cumulative Incidence (%)
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562 MV-AMI Patients from 14 Korean Centers

Primary Endpoint: all-cause death,

nonfatal Ml (+ preiprocedural Ml), revascularization

FFR 7.4% vs. Angiography 19.7% at 3.5 Years
60.0% immediate non-culprit PCI
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Eur Heart J. 2023 Feb 7;44(6):473-484
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Cost-Effectiveness Analysis of FFR-guided PCIl in AMI and MVD

Cost-Effectiveness of FFR-Guided PCI in 3 Different Healthcare Systems
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Probabilistic Sensitivity Analysis (PSA)
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FFR-guided PCl was a more cost-effective across Korea, USA, and Europe.

Hong D, Lee SH, Lee JM et al. JAMA Network Open 2024



Summary #1

* FFR-guided PCI continuously showed clinical benefit and cost-effectiveness among
patients with stable ischemic heart disease.

= FFR-guided PCI for Non-IRA lesions in AMI patients has been tested compared with
angiography-guided PCI, and two RCTs (FLOWER-MI and FRAME-AMI) showed
inconclusive results.

= CEA of FFR-guided PCI in the FRAME-AMI study showed that the FFR-guided strategy
was a more cost-effective approach for AMI patients with MVD.



Coronary Microvascular Dysfunction (CMD)

7N

Normal Structure and Function of Coronary Macro- and Microcirculation Strichns

Epicardial Arteries Pre-Arterioles Arterioles Capillaries
>400 pm 100-400 um 40-100 um < 10um

Focal atheroma Intimal thickening {Capillary density

Structure Diffuse atherosclerosis Smooth Muscle Cell (SMC) {Capillary diameter
™ Coronary remodeling thickening Capillary obstruction
- SMC proliferation
Perivascular fibrosis
Function ‘ ‘ ‘ \ ~
»~ N\ NO ET-1——ETa ETe
' ' ' Impalred EDHF Prostaglandin H2
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0
TABLE1 Strengths and Limitations of Select Diagnostic Technigues for the Evaluation of CMD
Accuracy Reproducibility Diagnostic Threshold Prognostic Validation Availability Cost
Moni v asive*
PET e e CFR <2 =+ ++ 3
CMR - e MPRI =2 -= -= 55
Doppler echocardiography - ——— CFVR <2 ++ ++ 4
Iy asive®
CFR e e <23 e ———— PR
IMR e .- =25 U £+ ++ R85

J Am Coll Cardiol 2018;72:2625-41



Physiological Indexes for Assessment of CMD

RADI analyzer - Coroflow

Resting Hyperemia
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Kobayashi, et al Circ J, 2014



Role of CMD Across Different Cardiovascular Disease

ANGINA

» Microvascular spasm
» Impaired vasodilation
* Pre-existing CMD

TAKOTSUBO
SYNDROME

* Microvascular spasm

* Myocardial edema with
microvascular
compression

» Pre-existing CMD

* Myocardial edema with

CARDIO-

INOCA/MINOCA MYOPATHIES

« Variable combination
of functional and b " |
structural mechanisms * Abnormal vascular

remodelling
« Interstitial fibrosis

« Embolization

« Ischemia-reperfusion IATROGENIC
injury T

» Embolization
microvascular

. « Increased sympathetic
compression

tone

» Pre-existing CMD

« Capillary rarefaction
« Extrinsic compression

OBSTRUCTIVE
CAD

« Variable combination

of functional and
structural mechanisms

Del Buono MG et al. JACC 2021;78:1352-1371



Why do we have to look beyond epicardial coronary arteries?

- Prevalence of non-epicardial coronary disease -

151 Stable Patients with <50% stenosis and/or FFR>0.80,
Ach challenge test and FFR/CFR/IMR measurement

Definition

= Vasospastic Angina Slgnlflcant vasoconstriction (290%),
chest pain (+), and ECG change

= Microvacular Angina
Any of IMR225U, CFR<2.0, or microvascular spasm

= Both to Ach (chest pain and ECG change, but no
epicardial vasoconstriction)

= None

Substantial Proportion of Patients with No Obstructive Stenosis
shows Abnormal Vasomotor / Microvascular Function

CorMicA Trial, Ford T., Berry C. et al. J Am Coll Cardiol Intv 2020;13:33-45



Angina Symptom, Positive Non-invasive Tests,
But, No Obstructive Epicardial Disease

Ischemia with Non-Obstructive Coronary Arteries INOCA”

Presence of symptoms suggestive of myocardial ischemia ANGINA

Objective Documentation of Ischemia
(by non-invasive test or invasive test) ISCHEMIA

Absence of Obstructive CAD (< 50% DS on CAG or FFR>0.80) NO CAD

Expert Consensus on Ischemia With Non-obstructive Coronary Arteries. EHJ 2020;41:3504-3502



Why do we have to look beyond epicardial coronary arteries?
- Prognosis of INOCA -

Major Adverse Cardiovascular Events (MACE)
'CIAO-ISCHEMIA (2021): About 2% at 1 year
2Meta-Analysis of 54 Studies (2018) : 1.32 / 100 person-year

MACE or Chest Pain Hospitalization
'CIAO-ISCHEMIA (2021): About 4% at 1 year
SWISE Study (2006) : 20% over 5 years

INOCA is not Benign.
INOCA was associated with MACE and high economic burden due to hospitalization.

'"The CIAO-ISCHEMIA Study. Circulation. 2021 Sep 28;144(13):1008-1023.
2Radico F et al. Eur Heart J. 2018 Jun 14;39(23):2135-2146.
3Shaw LJ et al. Circulation. 2006 Aug 29;114(9):894-904.



How to Diagnose INOCA?
Expert Consensus on INCOA

[ Ischaemia with non obstructive coronary arteries (INOCA) }

| Vasospastic Angina Invasive Coronary Assessment in INOCA
| - _
L _ _Coronary Microvascular dysfunction (CMD)/Vasospastic angina (VSA)_ | Ty consider
——————————————————————————————— + Obstructive CAD
()] i . . i Coronary
'5 g :_s_t _e E _]:_P_a_ti‘ir.'_t_e_\ia_l E E_|‘EI9 D _________ : Angiography » Myocardial bridging
S oo T T T } s o Flush’ ostial branch occlusion
€ 35 ! Step 2: Non-invasive evaluation |
T = | 5 i I
g g : Functional Ima.gmg : ______________________________________ J\—, Saline  Pregsure/Thermistor or
> Y i + Coronary CT Angiography ! 2 Doppler wire
Guidewire
F e E e S S TTTTT T | (adenosme) Coronary flow ;'\esge - abnormal CFR 52.0
€ | Step 1: Invasive Coronary angiography : Normal adenosine physiology .
g ‘.g - ___ (FFR 0.84, CFR 5.3, IMR 9) Microvascular resistance - IMR 225 or HMR >2.4
B ® e LT T T ! . : a -
E 3 1 Step 2: FCA guidewire and Adenosine test | Sontyichaline mncramantal
£ g i_:::::_—::::::::::::::::::::::::::::_| | 3 ; i--.:.>__s_ym ptoms, ECG & angio
@ | Step 3: FCA Vasoreactivity (ACH test) ! ~ Vasoreactivity
¥ i-__(acetVIChOIine) + Epicardial vasospasm
Occlusive vasospasm with ACh T
_____ - (resolves with nitrate) + Microvascular vasospasm
! Epicardial | | | | Microvascular |
. I . . A A
i Vasospastlc i : ______________ : i Al‘ld Eplcardlal i o _c::::::::::::::ma i 4 1. Microvascular angina
:_ . f_n_g_lng_ L _: L\{a_S_O_!inE‘l:IE _A_n_g_l r_‘g} - 2 - Long-acting Nitrate Diagnosis P2, Vasospastic angina
- Avoid beta-blockers i i . .
» Event prevention: ACEi, Statin & Management 3. Mixed ang.lna
IN OCA ENDOTYPES - Lifestyle and cardiac rehabilitation 4. Non-Cardiac (normal IDP)
Management of INOCA
1. Lifestyle factors 2. Risk factor management 3. Antianginal medications

Microvascular Angina

Endothelial dysfunction but no
gross vasospasm to ACh

Microvascular Angina
+ 1 - Beta-blocker

+ 2 — Calcium channel blocker

+ Avoid long acting nitrates

+ Event prevention: ACEi, Statin

* Weight loss and cardiac rehabilitation

Expert Consensus on Ischemia With Non-obstructive Coronary Arteries. EHJ 2020;41:3504-3502
Ford T. et al. J Am Coll Cardiol Intv 2020;13(16):1847-1864



What do the Guidelines say on Evaluation of CMD?

2019 ESC Guideline for Chronic Coronary Syndrome (CCS)

Investigations in patients with suspected coronary micro-

vascular angina

Recommendations Class® Level®

Guidewire-based CFR and/or microcirculatory

resistance measurements should be consid-

ered in patients with persistent symptoms, but " B
a

coronary arteries that are either angiographi-

cally normal or have moderate stenoses with
R 412413

preserved iwFR/FF

Intracoronary acetylcholine with ECG moni-
toring may be considered during angiography,

if coronary arteries are either angiographically b B
normal or have moderate stenoses with pre-
served iwFR/FFR, to assess microvascular

vasospasm,+12:438 440

Transthoracic Doppler of the LAD, CMR, and

PET may be considered for non-invasive 1Ib B

430 432,441
assessment of CFR.

CFR = coronary flow reserve; CMR = cardiac magnetic resonance; ECG = elec-
trocardiogram; FFR = fractional flow reserve; iwFR = instantaneous wave-free
ratio; LAD = left anterior descending; PET = positron emission tomography.
*Class of recommendation.

®Level of evidence.

©ESC 2019

2023 American Guideline for Chronic Coronary Disease (CCD)

Recommendation for INOCA

Referenced studies that support the recommendation are summarized in the

COR

LOE

RECOMMENDATION

2a

B-R

1. In symptomatic patients with nonobstructive CAD, a strategy of stratified medical therapy* guided by
invasive coronary physiologic testing can be useful for improving angina severity and QOL."?

Class lla, LOE B

* Non-invasive << Invasive methods
When? for stratified medical therapy
Why? Improving angina severity and QOL

EHJ 2019; JACC 2023



How to Manage INOCA?

CorMiCa Trial

A randomized, controlled, blinded trial of medical therapy vs standard care in INOCA

Stratified Therapy Used in the CorMiCa Trial

8 Microvascular Angina Main R Its:
| » Guideline directed therapy — e.g. Betablocker & Lifestyle aln Results:
N Vasospastic Angina Improved 122% 127%
| - Guideline directed therapy — e.g. CCB & Lifestyle aa: ATiga: ‘; f(;%(‘)?) 13270“2)3?)
N N Non-Cardiac (Normal Function) g 2 =
» Cease antianginal therapy +/- non-cardiac Ix % & , e
<% e <= Intervention
Management of CMD is not different from epicardial disease | — ';:,""t'h
aseline on on
Symptomatic Control with Angina medication Sustained Benefits:
Secondary Prevention of Co-morbidity Improved Angina and
Patient education and lifestyle modification ; :
Quality of Life

CorMicA Trial, Ford T., Berry C. et al. J Am Coll Cardiol Intv 2020;13:33-45



Summary #2

= INOCA is prevalent and has significant worse prognosis. Along with vasospastic
angina, coronary microvascular disease (CMD) is one of the major component of
INOCA.

= Current Expert Consensus and Guideline recommends comprehensive physiologic
assessment for classifying the endotypes.

= Stratified treatment for INOCA may work well in terms of improvement in angina
symptoms, but we need further studies for improving the patients’ outcomes

= The Coroflow system provides full physiology data of entire coronary vasculature for
making clear diagnosis.



Thank You For Your Attention

Seung Hun Lee, MD, PhD
Clinical Assistant Professor

Division of Cardiology, Department of Internal Medicine
Chonnam National University Hospital, Gwangju, Republic of Korea

If you have any question, don’t hesitate to e-mail me.
Ish8602@naver.com ; gfmaniac@gmail.com



Stable IHD with Intermediate Stenosis

Case #1. Stable Angina Case #2. r/o Silent Ischemia Case #3. Stable Angina
69/M, Chest pain(+), TMT(+) 66/M, Chest pain(-) 75/M, Chest pain(+), TMT: Equivocal
CCTA: 1VD, EchoCG: EF=58.5% CCTA: 1VD, EchoCG: EF=71.4% CCTA: 1VD, EchoCG: EF=69.3%

Intermediate stenosis at p-mLAD Intermediate stenosis at p-mLAD Intermediate stenosis at mLAD



Stable IHD with Intermediate Stenosis

Case #1. Stable Angina Case #2. r/o Silent Ischemia Case #3. Stable Angina
69/M, Chest pain(+), TMT(+) 66/M, Chest pain(-) 75/M, Chest pain(+), TMT: Equivocal
CCTA: 1VD, EchoCG: EF=58.5% CCTA: 1VD, EchoCG: EF=71.4% CCTA: 1VD, EchoCG: EF=69.3%

07773023
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| 'Resting 0.98, FFR0.83  ° sa:
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Deferred stenting Deferred stenting Deferred stenting
-> No Event for 4 years -> No Event for 4 years -> No Event for 3 years
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