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pEACTS Functional testing and intravascular @ESC

imaging for lesion assessment Gopen Sec
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When evidence of ischaemia is not available,|FFR or iwFR are
recommended to assess the haemodynamic relevance of
intermediate-grade stenosis.
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Circulation = R3F P Heare”

Association.

Outcome Impact of Coronary Revascularization Strategy
Reclassification With Fractional Flow Reserve at Time of
Diagnostic Angiography
Insights From a Large French Multicenter Fractional Flow
Reserve Registry

Eric Van Belle. MD. PhD:; Gilles Rioufol, MD, PhD: Christophe Pouillot, MD;
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Wlth Multivessel Coronary Artery
Disease on Reclassification of

Revascularization Strategy
Results From the DEFINE REAL Study
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Reclassification according to the
number of vessel investigated

iFR® versus FFR diven physiology assessemen tin
MVD patients

iFR : 1.9 vessels
FFR: 1.6 vessels

Van Belle et al.
Routine Invasive Phvsioloagy in MVD



Reclassification according to the
number of vessel investigated

iFR® versus FFR diven physiology assessementin
MVD patients

iFR : 1.9 vessels
FFR: 1.6 vessels

P=0.0001

Procedural management change by physiology

FFR: 1.6 vessels

Van Belle et al.
Rt ; $ in MVD




ORIGINAL ARTICLI

Multivessel PCI Guided by FFR
or Angiography for Myocardial Infarction

Initial plan:
To perform FFR of non-culprit at the time of the initial

PCl in all patients

Actaal plan
<5% of patients had FFR of additional non culprit
during the index angiography



Performing pressure wire
measurments in patients with
MVD is very rare



A simple case!

FFR>0.81
iFR >0.89

GRCI France 2019




Amore complexe case!

iFR >0.89

GRCI France 2019




STz \ f FAME 3

| Primary Endpoint MACCE (Death, M, stroke or

repeat revascularization) at 1 Year

o0 | = CABG
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| Procedural Characteristics *
; PCI | CABG
% Lesions FFR measured 82% FFR measured prior to 10%
FFR>0.80 24% CABG
Staged procedure 22% # of distal anastomoses 34410
Number of stents 3.7+1.9 Multiple arterial grafts 25%
Total stent length 80 mm LIMA 97%
Intravascular imaging 12% Off-Pump surgery 24%

FFR measured after PCI 60%

< DT TTTTT)




Post PCl ischemia based on FFR <0.80 occurs in 10-20% of cases

R Y
~~ -
~n~ P ad
oy 0
o~
N
=N e -
_N
[N
- =
BLLN
- e
- xe 3 -
T | .
1N
| .
» Pla Y o w-
-~ .‘!
F |
Polo the 470 008 830 N30 1% ™ ~— ’
Pk PCLTTR WA AR AN AHaw e

A o0y e JXED 1L 0N %

o Gl C ol B S W




Low post-PCI FFR is related to adverse events
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DEHNE PCl

Patents with stable and unstable angna (N =~ 500)

FR of all vessels with angiographic lesions 2 40% stenosis

Baseline IFR 50.89 Baseline IFR >0.89
Standard of care algorithm for PCI

(Intravascular imaging optional) Medicel Therapy
Successful anglographic PCl result

Blinded final FR with IFR pullback

Guideline Directed Medical Therapy

30 day, 6§ month & 1 year follow up



DEFINE PCI

Primary Study Endpoint

® Post iIFRZ0.29 = Poxt iFR>0.89 Focs owlened 3t 12ep-ep of 22 D0 v w « LS sun segreent
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DEFINE PCI £ocal Residual Pressure Gradient in-stent

AMmor g the 93 vwiials wilh focal Sdaiie. there were 1486 MEMes

($26, Droumal or doitad) that had sinificant retdual pressurs g s Aants

(¥ ACC.19




DEFINE P<) : :
Focal Residual Pressure Gradient Prox to stent

Physiologic miss” ocowurred in 31.5% of focal lesions prosimaily




DEFINE <)
Focal Residual Pressure Gradlent Dlstal to stent

"Physiologic miss’ eccurred i 30.1% of focal lesions datally
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In 10-20% of cases a vessel remains ischemic
after an an oppropriate PCI

In 2/3 of the cases this « ischemic » vessel
post PCl is due to a « missed » focal lesion

In patients with multivessel PCI 30-50% of
patients have « incomplete » coronary
revascularization
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@ESC oo ausssss  FASTTRACK CLINICAL RESEARCH

European Society 4o 10,109 3eurheartjlehabedd . rdi
of Cardiciogy Interventional cardiology

Post-stenting fractional flow reserve vs
coronary angiography for optimization of
percutaneous coronary intervention
(TARGET-FFR)

Damien Collison @ "** Matthaios Didagelos @ ',

D

Initial Post-PCl FER Patients with Final FFR <0.80

o 11.2% difference

P=0.045

25%

15%

® FFR <0.80
10% 18.6%
” 18.6%
<0.90 ->0.80 39% 4 e
®20.90 v ns9ag n=239* PIOS Control




iFR Co-regqistration et Virtual PCI

8 iFR Distal: O O
IFR at cursor: 3

Angio

Reports
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IFR PULLBACK STUDY

Pre-PCl iFR: 0.78 = 0.03
Tandem and Diffuse
- Predicted iFR: ~ 0.94 £ 0.01
p=0.48
l Observed iFR: 0.93 = 0.03
IER Euliback Agreement between expected post-PCI iFR
l and observed iFR
C\! -
© I
iFR Virtual PCI 2=
- Predicted iFR Result ; O T
o
c WL L4 . °® * °
v v ) °® °
l 8 o T T el
23 : .
PCI performed o9
V3 -
O g -
} c 8
[
c £
£ T o
Post-PCI B % g - : . .
Observed iFR Result -85 .9 .95 1
Average

Nijjer SS, Davies J et al JACC: Cardiovascular Interventions. 2014;7:1386-1396



DEFINE GPS Flow

Patient indicated for PCI . . .
T 02 s s Aligned with Guideline
lesion > 50% DS Ischemia » %05 £80% sires temte < ot IFR 5 0.89 Recommendations for PCI

W - > Allvessels to undergo PCI must be

o — qualified prior to randomization

Physiology-Guided PCI f L 1 Standard of Care PCI

. 4
4

3

Blinded Assessments @
30days, 6mos, 1Y & 2Y

+

2* Endpoints @ 1Y & 2Y:
Qol, Cost-Effectiveness, etc.

© Koninklijke Philips N.V
Proprietary and Confidential — Do not distribute Site Initiation Visit Presentation V8.0 21 Sep 2021



Further virtualization to
« estimate » the pressure
drop



|Using CT to provide FFR

Multi-vessel narrowings, but functional ischemia in only a single vessel
Clinician determined that only a single stent was required

:

FFRcr unavailable occlusion 0.00 0.60 0.70 0.§0 0.90 1.00
® I S .

MAY BE FUNCTIONALLY SIGNIFICANT MAY NOT BE SIGNIFICANT

FFRcr
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Benefits of Obtaining information for
planning With noninvasive FFR; prior to

Invasive Evaluation-
The BOWIE study

Eric Van Belle, MD PhD, Luis Raposo MD, Sergio Bravo Baptista MD PhD,
Flavien Vincent, MD PhD, Sina Porouchani MD, Alessandro Cosenza MD,
Campbell Rogers MD, Jonathon Leipsic MD




What is FFR.7 Planner-?

Pre-procedure evaluation of alternate treatment strategies to optimize coronary flow

* Real-time non-invasive interactive tool
* Explore different clinical scenarios by virtually removing stenoses
* Assess resulting FFRq value(s) from any scenario

Van Belle et all JACC Imaging 2021



FFRct Planner: Virtual PCI

Real-time FFR_; Recalculation

Van Belle et all JACC Imaging 2021



FFRc7 Planner Virtual PCI

Real-time FFR_; Recalculation

Van Belle et all JACC Imaging 2021



What is FFR.7 Planner-?

Pre-procedure evaluation of alternate treatment strategies to optimize coronary flow

* Real-time non-invasive interactive tool

* Explore different clinical scenarios by virtually removing stenoses

* Assess resulting FFRq value(s) from any scenario “Not yet commercially
available, pending
Regulatory Review

Van Belle et all JACC Imaging 2021



No PCl strategy with
ICA

e

n= 78 stented segments
87 stents

1.39 + 0.66 stent/patient

Stent length : 36 £ 22 mm

ICA guided Strategy

No PCl strategy with
FFR¢r Planner

Cancelled PCI from
ICA to FFR¢r planner
(n=17)

New PCl from ICA to

FFRcr planner
(n=28)

Increased longer of
stent with FFR
planner strategy

(n=10)

Decreased longer of
stent with FFRq;
Planner
(n=7)

Same PCl strategy from ICA to FFRcr pla
(n= 44 coronary segments)

Van Belle et all JACC Imaging 2021

n= 89 stented segments
95 stents

1.50 + 0.73 stent/patient
Stent length : 40 £ 23 mm

FFRc Planner guided
Strategy



No PCl strategy with
ICA

n= 78 stented segments
87 stents

1.39 + 0.66 stent/patient

Stent length : 36 £ 22 mm

ICA guided Strategy

No PCl strategy with
FFR¢r Planner

Cancelled PCI from
ICA to FFR¢r planner
(n=17)

New PCl from ICA to

FFRcr planner
(n=28)

Increased longer of
stent with FFR
planner strategy

(n=10)

Decreased longer of
stent with FFRq;
Planner
(n=7)

Same PCl strategy from ICA to FFRcr pla
(n= 44 coronary segments)

n= 89 stented segments
95 stents

1.50 + 0.73 stent/patient
Stent length : 40 £ 23 mm

FFRc Planner guided
Strategy

Change of strategy in 51% of cases

Van Belle et all JACC Imaging 2021



Quantitative Flow Ratio (QFR)

£ \
Standard Angiogram
a,l v ,A

Data Transmissi L .
ata Transmission System - AngioPlus

System

Two image runs with angle

ks . *, difference 225°

3D Reconstruction Modified Frame Count







Study Design

Angiographic quantitative flow ratio-guided coronary

>PHR®

semaddah

intervention (FAVOR 1l China): a multicentre, randomised,

sham-controlled trial

8o Xu*, Sherngyian To*, Le Sang*, Zening Jin, Ba Yi, Guosheng Fu, Yujie Zhou, lisn'an Waong, Yusdai Chen Jun Py, Lianglong Chen, Xinkai Qi

Jonqing Yang, XeeboLiv, Ujn Gua, Chengxing Shen, Yaojun Zhang, Qi Zhong, Hongwey Pon, Xiaogang Fu. fan Liv, Yanyan Zhoo, Javier Esconed

Yang Wang Wiam F Feavan, Kefar Dou, Ajay | Xirtene, Yongpan Wiy, Patrick W Sermuys, Weixian Yang Willam Wins. Changdong Guan

Martie B Leont, Shobin Qiao® 2, Gregg W Stone !, FAVOR IV China study grovp

Investigator-Initiated, Multicenter, Sham-Controlled Blinded Randomized Trial

| Patients with coronary artery disease scheduled for coronary angiography
|

Meet all general inclusion and not meet any exclusion criteria

as creatinine >150 pmol/L or estimated glomerular filtration rate (GFR) <45 ml/kg/1.73 m?2).

Inclusions: age = 18 years; stable, unstable angina, or post-AMI (272 hours). Exclusions: moderate or severe chronic kidney disease (defined

1
| Informed consent

|
| Coronary angiography
|

Meet all angiographic inclusion and not meet any exclusion criteria

diameter by visual assessment. Exclusions: patients had only one lesion with DS%>90% and TIMI flow <3; interrogated lesions are related with AMI.

Inclusions: patients must have at least one lesion with a percent diameter stenosis between 50% and 90% in a coronary artery with a 22.5 mm reference vessel

Randomization Stratifications Identify target vessels intended to be treated with standard angiography |

« Diabetes Mellitus

I
Multivessel Disease ( N=3830 (1:1 randomization) ]
Presence of any vessel with

DS% >90% and TIMI flow <3
Center

.

.

QFR-guided strategy
N=1915

Angiography-guided strategy
N=1915

.

Independent Organizations

.

.

.

.

QFR was measured in all coronary arteries containing any lesion
with visually-assessed DS% 250% and <90% and RVD 22.5 mm

QFR <0.80: PCI
QFR >0.80: deferral

PCIl was performed based on visual angiographic
assessment per local standard of practice

All measured vessel QFR >0.80: OMT alone

Core Lab

CEC

DSMB

Data Management
Statistical Analysis
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No. at risk
QFR-guided
Angiography-guided

Primary Endpoint (ITT)

Angiography-guided

QFR-guided

HR 0.65 (95% CI 0.51-0.83)
Log-rank p=0.0004
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Major Secondary Endpoint (ITT)

10 7 Angiography-guided
> QFR-guided
= _
= 8
£ HR 0.64 (95% CI 0.46-0.89)
3 Log-rank p=0.0073
S 6 -
e
£ 4.8%
o v
o 4 A=-1.7 (-2.9 to -0.5)
S A
= 3.1%
2
L 2 /r
L
O
s
0 - T T T T T 1
0 2 4 6 8 10 12
. Months since randomization
No. at risk
QFR-guided 1913 1900 1894 1881 1874 1862 1846

Angiography-guided 1912 1883 1877 1862 1847 1839 1808



FAVOR IlI

FAVOR Ill Europe Japan

* Stable angina pectoris or evaluation of secondary stenosis after Ml
 Coronary stenosis of 40-90% by visual estimate

g

1:1 randomization of 2000 patients

\ 4 \ 4

QFR guiding FFR guiding

L 2 \ 2

Primary endpoint: One year PoCE for non-inferiority

Two-year follow-up Only clinical follow-up

‘ favor@clin.au.dk

Research -

rhus Uni\?!ospital, Skejby ® Denmark

Aarhus University Hospital
SKEJBY


mailto:favor@clin.au.dk
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Summary 1

v Invasive pressure wire (FFR/IFR) is the “gold standard” for the detection
of iIschemic territory vessels.

v In patients with MVD, investigation of every vessel with lesion > 30% is
critical to propose the best treatment option.

v Despite its benefit extensive one shot physiology investigation is difficult
to achieve with invasive methods (in Flower Ml only 5% of patients had
complete FFR investigation at time of PCI).



Summary 2

v" Recent studies haves shown that 20-25% vessel territories remain
ischemic after an apparently appropriately conducted PCI:

v Once the procedure is “finished” it is difficult to correct (TARGET
FFR)

v Pre-procedural pullback-derived pressure coronary mapping"

v Combined to

v virtual PCI"
would be key to improve the clinical outcome of our coronary
patients, in particular those with MVD.

=>» These approaches are difficult to achieve in most patients with current
invasive technics
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Perspective

v" The recent clinical outcome study FAVOR 3 china demonstrated the
benefit of the angio-based QFR versus Angiography alone in patients
referred for PCl

v" Additional studies will further define the role of these “virtual

approaches” in patient workflow:
v Virtual PCl (based on iFR) versus angiography: DEFINE-GPS

v Clinical outcome studies for “Angio-based-FFR" versus FFR: FAVOR
3 Europe-Japan, FAST 3

v" Added value of FFR-CT on top CT-scan:The CROISSANT study
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Thank you for your attention!

Pr Eric VANBELLE MD, PhD, FESC, FACC
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg
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QCM 1

« Dans le cadre de la prise en charge d’'un infarctus
transmural par angioplastie primaire chez un patient
multitronculaire, vous faites la FFR des vaisseaux non-
coupables:

« A) Oui, dans la méme procédure
« B) Oui, dans la méme procédure (mais pas la nuit)

« C) Oui, je remet le patient sur la table pour une
nouvelle coronarographie (et un FFR) quelques jours
plus tard.

* D) jamais



Perspective

v Virtualization of coronary pressure drop using computational fluid
dynamics derived from imaging (Cl-scan or angiography) has a strong
potential to provide a more complete picture of pressure drop in all
coronary arteries in a single investigation.

v It has also the potential to test different PCl scenario and to predict the
final “FFR” of these scenario:Virtual PCl



Required:

47

Virtual FFR based on Agngiography

2 contrast filled
angiograms
Orthogonal . s BV 0= s VFFR:0.90
AP: 9 mmHg
views: =30

Pressure: 124/65 mmHg

degrees
Invasive aortic . B .

pressure




Pre-PCI

Post-PClI

FFRcr Planner

Reduced stent
Terc length using FFR¢;
Planner strategy
vielded similar
1] P( . .
physiologic result
as ICA-based plan

ICA-based plan
38mm stent

ICA-based plan reproduced on FFRcr Planner FFRcr Plan
38mm stent 15mm stent
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FFRcr Planner- Core Components

° Starts with the HeartFlow Analysis Interactive Mobile Platform

¢ i0S, interactive viewer

HeartFlow Planner

° Ideal Geometry

e Contains a second anatomic model
representing the “ideal” vessel

Real-time FFRct calculation a

Modified vessel combined with updated
physiology

*Not yet
commercially
available,
pending
Regulatory
Review



iFR et |ésions en série

* Nombre et extension des sténoses n'impactent pas significativement
le flux basal

* La perte de charge hémodynamique due a une lésion est spécifique
a cette lésion uniqguement
v « Absence » de cross-talk entre les |ésions en série

* Le changement du profil hémodynamique aprés angioplastie devient
donc prévisible

iFR pull-back

GRCI Ffrance 2019



0:50
iIFR’
Distal

0,42

Profil de la perte de charge

0:57

iIFR®

Perte de charge résiduelle Distal

apres 1¢" stenting 0,83

0:51

Profil hémodynamique |FR®
normal Distal

0,96

GRCI France 2019



Epicardium _
Distal

pressure

Myocardium falling

Endocardium




Homme, 78 ans
Bon état général
ATCD IDM inferieur (10 ans) — CD occluse connue non revascularisée

Hospitalisé pour NSTEMI avec décompensation cardiaque.
ETT : FEVG conservée avec séquelle inférieure.
Anticoagulation efficace pour une fibrillation atriale.
Fonction rénale normale. Pas de diabéte.

Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



Evaluation physiologique sur I'lVA
FFRa 0,74
iFR a 0,69

Vaisseau physiologiquement tres
ischémique

Zone de mesure avec
le guide de pression

Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



Angiographiquement :

Lésions relativement
diffuses avec 2 zones
distinctes

Quelle stratégie de
revascularisation ?

Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



]
Ef iFR distal:

IFR au
curseur:

iFR pull back

Perte de charge bien
repartie entre les 2
|ésions

Pour amener iFR >.9
nécessité de traiter les
2 lésions

Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



2 stents actifs 2,75%28mm et
3,5*%28mm

POT a 3,75mm, Side vers la diagonale
et POT final.

Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



%2 iFR distal:

iIFR au
curseur:

Excellent résultat
hémodynamique avec iFR
final au méme point a 0,92.

Gain de 0,23 par la
revasularisation

Pr Eric VAN BELLE MD, PhD
Institut Coeur et Poumon - CHU Lille, France
University of Lille - School Of Medicine Henri Warembourg



DEFINE GPS Flow

Patient indicated for PCI . . .
T 02 s s Aligned with Guideline
lesion > 50% DS Ischemia » %05 £80% sires temte < ot IFR 5 0.89 Recommendations for PCI

W - > Allvessels to undergo PCI must be

o — qualified prior to randomization

Physiology-Guided PCI f L 1 Standard of Care PCI

. 4
%

3

Blinded Assessments @
30days, 6mos, 1Y & 2Y

+

2* Endpoints @ 1Y & 2Y:
Qol, Cost-Effectiveness, etc.

Proprietary and Confidential — Do not distribute Site Initiation Visit Presentation V8.0 21 Sep 2021



2019 ESC Guidelines on the
diagnosis and management
of chronic coronary

syndromes
@ESC

E op«n Socsctv



What is new in the 2019 Guidelines? @ESC
New recommendations (1) Exsopesn Socety

Basic testing, diagnostics, and risk assessment

B Class ! Class Na B Class Ilb B Class I §
[+]

warw cwoat dio.org/ puidelines ESC Guidel nes on the disgnoais and management of cheon it coronacy syndromes
[Eurcpeen Meart Jowrnal 2019, 10 1095 feurhesryfehesls)



What is new in the 2019 Guidelines? @ESC
New recommendations (1) Ecropean Socey

Basic testing, diagnostics, and risk assessment

B Class ! Class Na B Class Ilb B Class I é
[+]

woarw cvear do o g) pudebnes ESC Guidel nes on the disgnoais and management of cheon it coronacy syndromes
[Eurcpeen Meart Jowrnal 2019, 10 1095 feurhesryfehesls)



Patients with angina and/or dyspnoea and suspected @ ESC
coronary artery disease Europen Socey

of Cardiology
Diagnosticapproach(2)

vest based on chrecal

L Charactenistics

and peederence, Svadabaity, \* ';c-.h-’; for s haerma
’

2 werld 33 OCN experting rageg Lesling poeberned)

Clinecal Melbhood of cbstrucsive CAD

STEP 6 Choone appropriate therapy based 0n symptonms and event risk!

TADIRY 00 Seti [, VOV TeI-Tetel ol 1K S, BN MO0 OF OO NING O N0 Do ST AUt * MUEN DM IGY M etnO0d &N 0 SYMOOOMS (Ha0e] Lt oy re o 0na g
1o med caltreatrmert, high evere rigk baned oncirmic ol @vaiueton (xch m ST aopmers depresen, oM bired wizh sympeomn 4t 8 low wortioad o syecic
dyzfunction | rdicatig CAD|, or vecorisin diagrcsizon non nvecke sesting ‘Tunitionalimag g for myocard o schooma € coronary CTA has shownCAD of

=
UNSeran gracio or i non dagnoesk. f Conmider 3 ko ang ma wthowe obstructwe Jacasce inthe epicardial coronary artenes | see sectoa b of full tent) o
www.eacer doorg/ puidehne L3C Coidelines on the disgnosis and management of chronic coconary syndromes

{Curopesn Meart Journal 2019; 10 1093 /curhearti/cha52%)



Patients with angina and/or dyspnoea and suspected @ ESC
coronary artery disease Europen Socey

of Cardiology
Diagnosticapproach(2)
Offer dagnostic tesung

¥ the test hased on chrecad
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Cinecal Meelhood of cbstrucsive CAD

STEP 6  Choone appropriate therapy based 0n symptons and event risk!
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www.oacer dooor g/ pudehne [5C Cuidelnes on the disgnosiz snd management of chronic coconary syndromes
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