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ACr-PCR Coronary physiology on clinical decision making

The Official Course of APSIC

1. Before procedure outside the cathlab
« FFRq

2. Before procedure in the cathlab
» FFR (gold standard)
 iFR and other non-hyperemic indices (DFR, RFR, etc)
- Angiography derived FFR (QFR, FFR, i, VFFR)
 Intracoronary imaging derived FFR (OFR)

3. During or after procedure in the cathlab
« FFR: several studies
- iFR: DEFINE PCI
« QFR: HAWKEYE
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ACr-PCR Coronary physiology on clinical decision making

- procedure outside the cathlab
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2. Before procedure in the cathlab
* FFR (gold standard)
* iFR and other non-hyperemic indices (DFR, RFR, etc)
- Angiography derived FFR (QFR, FFR, i, VFFR)
 Intracoronary imaging derived FFR (OFR)

3. During or after procedure in the cathlab
« FFR: several studies
- iFR: DEFINE PCI
« QFR: HAWKEYE



1. Before procedure outside the cathlab

Chest Pain Pathway Today: Coronary
Angiography and Ad-hoc Intervention

Patient with
new onset
Chest Pain

s

e Case history
* Risk profile
*  Physical

* Blood work (cardiac

¢ Chest X-ray [

examination

Cath Lab

ECG at rest

biomarkers)

“Stable Angina”:
* ECG non-diagnostic
* Troponin normal

‘ Troponin

Troponin

1

“World of non-invasive stress tests”

* Stress ECG
* Dobutamine Echo

» Adenosine SPECT/PET
* Holter ECG (ST analysis)

* ... waiting

e ... postponing the decision

* ... Hesitation to move to coronary

angiography

2| Primary PCI

saves lives

“World of Emergency Care”
(immediate intervention saves lives)
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1. Before procedure outside the cathlab

Chest Pain Pathway Today: Coronary
Angiography and Ad-hoc Intervention

Cath Lab

2| Primary PCI

saves lives

“World of Emergency Care”
(immediate intervention saves lives)

“World of Elective Care”
(with time for proper therapy planning)

e Case history STEMI
Risk profile f
: : — Physical R (S
Patient Wltth ) examination A~ I
new ons.e ECG at rest
Chest Pain Blood work (cardiac
biomarkers) |= T |T_ & T = T = ->
+ ChestX-ray | Troponin
“Stable Angina”: E
* ECG non-diagnostic 9
* Troponin normal o
= - Cath La

“World of non-invasive stress tests”

* Stress ECG

* Dobutamine Echo

* Adenosine SPECT/PET

* Holter ECG (ST analysis)

* ... waiting

e ... postponing the decision

* ... Hesitation to move to coronary
angiography

Crossing the line

No
obstructiv
e disease

|

&

1

| |
| |

66% ????

Crossing the line between
diagnosis and treatment

to invasiveness 'IK
> Coronary Intervention
34 v

) Coronary (Balloon angioplasty, stent)
Angiography I 'o a with ad-hoc decision

making in 2/3 of cases

Ad-hoc
Intervention

<— C(Cath Lab refers to surgery

OR

él Bypass Surgery I
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1. Before procedure outside the cathlab

Future Vision: Cardiac CT as One-Stop-Shop
Increases Quality and Effectiveness

Patient with
new onset
Chest Pain

“Stable Angina”:
* ECG non-diagnostic
* Troponin normal

e Case history
* Risk profile
*  Physical

=<

* Blood work (cardiac

examination
ECG at rest

biomarkers)

* Chest X-ray

Cath Lab

) Rescue PCI

“World of Emergency Care”
(immediate intervention saves lives)

Vv N

y

Troponin

n

* CCTA

* CT-Perfusion
* CT-EF

* CT-Wall Motion Analysis
* CT-FFR

* CT-Syntax Score
* CT calcification mapping

Cardiac CT as “one stop shop”

Only one Line of
invasiveness
crossed for
therapy

&

Syntax Score Il

“World of Elective Care”
(with time for proper therapy planning)

Cath Lab

Carefully planned Coronary

Complete and detailed pre-
planning of coronary intervention

> Intervention (Balloon
angioplasty, stent) based on
pre-existing information

OR

Syntax Score lll

)I Bypass Surgery I
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1. Before procedure outside the cathlab

NICE UK Guidance (Nov 2017)
Puting NICE guidance ito practce

Based on the current
evidence and assuming there
is access to appropriate
coronary CT angiography
facilities, using HeartFlow
FFR.; may lead to cost
savings of £214 per patient.
By adopting this technology,
the NHS in England may save
a minimum of £9.1 million by
2022 through avoiding
invasive investigation and
treatment.

Table 4 Estimated annual savings from year 5 onwards

1,500

0
Q1

UK FFR¢y volume trend

Proposed

(2018)
Number of completed FFRr cases
Numbers

of tests

Cost
(£000s)

off 100% O

8,433

J 50%
2,336

8,433

3§ 500
50 /03,095

2,976

l( 509%1,548

‘ 100%
0

116.892

18,352

40096
9,921

¥60%
11,638

146,656

2018 Q22018 Q3 2018 Q4 2018

36,968

11%

17/03/2017 Confidential , PWS, JT, CC,

AG, YO 8



2. Before procedure in the cathlab

Aic.— P(R Coronary physiology on clinical decision making

| 4 Bfor procedure outside the cathlab
 FFRq

2. Before procedure in the cathlab
» FFR (gold standard)
 iFR and other non-hyperemic indices (DFR, RFR, etc)
- Angiography derived FFR (QFR, FFR, i, VFFR)
 Intracoronary imaging derived FFR (OFR)

3. During or after procedure in the cathlab
« FFR: several studies
- iFR: DEFINE PCI
 QFR: HAWKEYE



2. Before p/‘OCEdLQ//é? O/n the cathlab

AiCT K,R No Benefit of Stenting a Non-ischemic Stenosis (FFR = 0.75)

se of APSIC

The Official Cour

CLINICAL RESEARCH

wt foumal (215) M. 3181-3188 CLINICAL RESEARCH
: Coronary ey deease

Percutaneous com“ary Intervention Deferral vs. performance of percutaneous
of Functionally Nonsignificant Stenosis coronary intervention of functionally
= 2 o non-significant coronary stenosis: 15-year
5-Year ]I‘UIIU\V—LJP of the DEFER Study follow-up of the DEFER trial
Cardiac death or MI at 5 years MI at 15 years
P= 0.002 27 ——
20 1% P=0.003 I P Referencs
1 20
.y 15.7 g p=0_03
‘g 15 -
P=0.21 ,Et:
10 = : J_I{_/—'ilo%
“ ® 10 —
3 [~ Perform PCI
5 - 2 !_,—'_
5
I
0 o
DEFER PERFORM | REFERENCE N Defer - 2.2%
FFR>0.75 FFR<0.75 T T o x z

10
Pijls NHJ et al. JACC 2007;49(21):2105. Zimmerman et al. EHJ 2015;36:3182-3188



2. Before procedtérs? O/n the cathlab

ACT-PCR FFR-guided PCI for patients with MVD

The Official C of APSIC

Superior to Angio-guided PCI Superior to OMT Alone

FAME I FAME 11

The NEW E_ N G‘LA 1\1 D X Fractional flow reserve versus angiography for guidance of | ORIGINAL ARTICLE |
JOURNAL of MEDICINE PClin patients with multivessel coronary artery disease
T TAAR 15, T o (FAME): 5-year follow-up of a randomised controlled trial Five-Year Outcomes with PCI Guided
Fractional Flow Reserve versus Angiography by Fractional Flow Reserve
for Guiding Percuraneous Coronary Intervention d - -
- . . eath, MI, or urgent revascularization at 5 years
28% relative risk reduction ., R 1100_ ’ 9 y

_ 1w, in MACE at 1 year l g =R 00!
2 ¥ sk | From 2 to 5 years = '
S 95—%%\ g ¥ x\.\\ | . y = * 80+
e  FReguided P __; w\\ \:the risk were similar § 704 HR 0.46 (0-34'0.63)
-gg N -\_._L‘_ L‘--«__1_‘“ ; 80 “\Ea.““_‘\ ﬁ 60 <o 001
% :Eg Angiography-guided PCI il ?5’ i TR Ny e E 50+ p "

2 7 | O
g p=0.02 | S 2 - _
& 754 Angiography-guided vs FFR-guided % ! = = O MT Medical therapy
T 91 (18.3%) vs 67 (13.2%) é ! — = 304
£ s, log-rank p=0.02 2 60 E p — 0 . 2 2 E 20
“ L X ¥ ¥ R A : 154 {31%) versus 143 (28%) events, U

0 &0 120 180 240 300 Py T 104 pCl

Days since Randomization 0/1: . s i T B - i P C I +O M T
Nomberatrisk * L Z 3 4 5 0 T T T T T
Anglography 496 393 350 319 203 257 0 1 2 3 4 5
FFR 509 434 389 34 310 263
Years since Randomization

Tonino PAL et al. NEJM 2009;360:213. Van Nunen, LX et al. Lancet 2015;386(3):1853-60 Xaplanteris et al. NEJM 2018;379:250.
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2. Before procedure in the cathlab

ACT.- K.R In patients with STEMI and MVD, FFR-guided complete

revascularization is superior to infarct-artery-only treatment

The Official Course of APSIC

‘ ORIGINAL ARTICLE ‘ FFR-guided
1B complete revascularization
Fractional Flow Reserve—Guided Multivessel . 0_%\—-————___
Angioplasty in Myocardial Infarction il N
COMPARE-ACUTE trial < 70— infarct-artery-only treatment
—————————————— > ;\8‘
885 STEMI pts + Multi VD S o 604
(non IRA 2 50% ) 2
v E Exclusions g = 504
y > XCIUusi U=
After succesfull . Cardiogenic Shock I-I.IJ E 404 MACCE at 1 year
Primary PCI IRA ‘ Lefr main stem 75(?~ 8 =
Randomised ) o occhr 25
T TEEE 3 = s
:- R —¢ 1:2 randomisation 20-
FFR guided | Guidelines guided Hazard ratio, 0.35 (95% Cl, 0.22-0.55)
revascularisation revascularisation 104 P<0.001 by log-rank test
. ofnon-IRA lesions | ~ ofnon-IRA lesions 5
P , v ‘ T | T T
' FFR procedure + i " Blinded FFR procedure + 0 3 6 9 i
acute FFR guided PCI of ‘ Culprit only strategy
non-IRA Lesions (Treating cardiologist Months

{_ blinded for FFR value) |

12
Smits PC, et al. N Engl/ J Med 2017; 376(13):1234-1244



2. Before p/‘OCEdLQ//é? O/n the cathlab

FFR measurement to guide revascularization is

a class I level A indication (ESC GL 2018)

Recommendations on functional testing and intravascu-
lar imaging for lesion assessment

Recommendations

When evidence of ischaemia is not avail-

able, FFR or iwFR are recommended to
I

assess the haemodynamic relevance of

; ; . 15,17,18,39
intermediate-grade stenosis.

FFR-guided PCl should be considered in

patients with multivessel disease under-
29,31

going PCL

IVUS should be considered to assess the

severity of unprotected left main

. —37
lesions. >

©ESC 2018

FFR = fractional flow reserve; iwFR = instantaneous wave-free ratio; IVUS =

intravascular ultrasound; PC| = percutaneous coronary intervention. 13
*Class of recommendation.

®Level of evidence. Neumann et al. Eur Heart J 2018 Aug 25



2. Before procedure in the cathlab

AiG'r PCR However, FFR is not yet widely adopted

T oif Cowres ST APSE due to following limitations

= Prolonged procedure time

= additional cost

= Discomfort or side effect from drugs

= Heterogeneous effect of hyperemic agent

= Erroneous coronary pressure measurement
(occur in up to 1/3 of cases; Pressure drift, Aortic
pressure ventricularization, Aortic waveform
distortion)

= Not an optimal guidewire to negotiate vessel
with complex anatomy

14



2. Before procedlérs? O/'n the cathlab

ACr-PCR IFR and other resting indices does not need

= hyperemic agent

“wave-free period”

Pa
= - e iFR
- Pd
- >——ene dPR
Average Pd/Pa
2008 - R dPR3s.75
BEEEEE R ... . . - - dPR i Instant Pd/Pa
3 Filtered Pd/Pa
= — = = iFRmatlab
E 150 F //._ \ - —_— IFR _somsec | \ RFR
— / / ) { \
g / \VANE e R ] (Lowest filtered Pd/Pa)
5 \/ \ i o iIFR_100msec \
a \
& / \
/ ~

100 F =

50 1

— pa 2 pd

van't Veer, M. et al. J Am Coll Cardiol. 2017;70(25):3088-96.
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2. Before procedtérs? Q/n the cathlab

iIFR is noninferior to FFR

regarding MACE at 1 year

without hyperemic agent

SWEDEHEART DEFINE-FLAIR

MEDICIN
Ll 2}
.T‘ e NEW ENGLAND DEFINE FLAIR |
A JOURN:’\L of MEDICINE | ORIGINAL ARTICLE ||
‘ J  sweoereart :
: . N Use of the Instantaneous Wave-free Ratio
Instantanecus Wave-free Ratio versus Fractional Flow Reserve ¥ -
to Guide PCI or Fractional Flow Reserve in PCI
10,052 Patients were Included in the SCAAR Registry
Coronary stenosis in which physiological severity
Patients Enrolled in the iFR SWEDEHEART Trial (n=2042) l iFR vs FFR i jon (n=
68 (6.7%) vs 61 (6.1%) ) o 100 1 Harzard ratio, 0.95 (35% CI, 0.68 to 1.33)
I 2037 Patients Underwent 1:1 Randomization 100+ 104 log-rank p = 0.53 1:1 Randomization P=0.78
V ap- Proninferiority = 0.007 g0 Pronineriority < 0-001 EER
84 -
804 - sl
Assigned to the FFR Group Assigned to the iFR Group 704 & iFR il FFR-guided IFR-guided . A7 iR
=101 = : Revascularization Revascularization z 507 A
(n=1018) (n=1019) = g
£ 50 ; (1250) (1242) v e
2 50 FFR g a0 &
o =
Underwent FFR-guided Underwent iFR-guided E 40+ 2+ & T —r r—r—T—
Revascularization Revascularization 304 123 43 67 &8 101112
(n = 1007) (n=1012) | 0 T T T T T T FFR<0.8 FRS0.89 iFR<0.89 20
204 0 2 hd 9 L 10 1z Perform Defer Perform
104 PCI PCI PCI 2 rerro——————
a T T T T T T T T T T T 1
Follow-U 1018 Follow-U 1019 0+ : ] J J J T R E 2 % 8 & oE E R RS K
s ) ollow-Up {n = ) o 2 4 & 8 1o 12 Months since Randomization
Menths *
Primary Endpoint: MACE* within 1 year after the procedure I 30 day, 1-, 2-, and 5-year Follow-Up I
Davies, J.E. et al., N Engl J Med 2017;376:1824-34. Gotberg, M. et al., N Engl ) Med 2017;376(19):1813-23.
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The Official Course

MACE cumulative risk (%)
5

0
1

Deferral of revascularization is equally safe

MACE at one year

Number at risk

2 3 4 5

6 7 8 9 10 11 12

Months since randomisation

FFR 1013 ©78 969 065 060 ©58
IFR 1117 1073 1068 1061 1060 1051 1037 1011 1003 895 0891 077 862

946 031 920 011 90T 890 801

Escaned J et al. JACC Cardiovasc Interv. 2018 Aug 13;11(15):1437-1449.

with iFR and FFR.

SAP ACS
(n = 1,675) (n - 440)

SAP vs. ACS
Unadjusted HR Fully Adjusted
(95% CI) HR (95% CI)

MACE

o Value

364 (61) 5.91(26) 062 (0.39-0.99) 0.61(0.38-0.99) 0.04

All-cause death
Cardiovascular death
Noncardiovascular death

Myacardial infarction

0.66 (1) 136 (6)
0.18(3) 045(2)
0.48(8) 0.91(4)
0.90 (15) 2.50 (11)

050 (0.19-1.36) 0.44 (0.16-1.23)
0.41 (0.07-2.45) 0.21(0.02-1.71)
0.55 (0.16-1.82) 0.46 (0.13-1.59)
0.34 (0.16-0.76) 0.36 (0.16-0.79)

0.2
0.14
022
0.01

Unplanned
revascularization

2.87(48) 3.64(16)

0.81 (0.46-1.43) 0.83 (0.46-1.49)

0.53

« 2130 patients was deferred PCI
based on iFR =0.90 or FFR >0.80
in DEFINE-FLAIR and iFR-
SWEDEHEART.

+In deferred patients, ACS
was associated with higher

incidence of MACE
compared with SAP.

17
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2. Before procedtérs? o/n the cathlab

FFR and IFR to guide revascularization is

ALCT-PCR a class I level A indication (ESC GL 2018)

The Official Course of APSIC

Recommendations on functional testing and intravascu- ° Adva ntage

lar imaging for lesion assessment . Shorter procedure time
 Less patient discomfort
 Easiness of iFR pullback

Recommendations

When evidence of ischaemia is not avail-

able, FFR or iwFR are recommended to
I I

assess the haemodynamic relevance of

. : . 15,17,18,39
intermediate-grade stenosis.

« Controversy

 Discordance with FFR in up to 30%
of LM or proximal LAD lesions

« However, for LAD lesion, iFR-guided

FFR-guided PCl should be considered in

patients with multivessel disease under-
29,31

going PCL

IVUS should be considered to assess the =
————————— R deferral had lower event rates than
lesions. = - FFR-guided deferral.

FFR = fractional flow reserve: iwFR = instantaneous wave-free ratio; IVUS =

intravascular ultrasound; PC| = percutaneous coronary intervention. 18

*Class of recommendation.

PLevel of evidence. Neumann et al. Eur Heart J 2018 Aug 25



For LAD lesion, iFR-guided deferral had lower event rates

The Official Course

Patients in
DEFINE-FLAIR
with LAD disease
(n=1588)

Patients randomized Patients randomized
to iFR-guided to FFR-guided
treatment treatment
(n=794) (n=794)

I } 1 |
iFR <0.89 iFR>0.89 FF% >0.80 FFR <0.80
Treat Defer efer Treat
(n=343) (n=451) (n=421) (n=373)
[ | |
Included in LAD
deferral substudy
(n=872)

than FFR-guided deferral

MACE at one year

0.10 ~
HR: 0.47; 95%Cl: 0.23-0.96; p=0.04
@ el
@ -
(9]
2
2 ’_,—r—r’i
-]
"; 0.05 -
j 2.44%
2
i "'_,7 --:_I
- O = = T e |
S |
f_!— i
0.00 4 SO e AR IFR
o 1 2 3 4 5 6 7 8 9 10 U 1
Months Since Randomization
Number at risk
FFR 421 403 398 395 392 391 385 370 363 360 356 345 266
iFR 451 430 428 424 423 417 409 394 390 385 382 373 279
19

Sen S et al. JACC 2019.
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The Official Course

e 8
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of APSIC

Co-registration is indispensable to guide treatment

00:10:28

| iFR Distal:: 0.46
iFR drop |

in Selection:i 023

1
|

iFR Q
|

|
06

10 pii) |}
Length (mm) i

L
|

§e"“'q'—'?rame"

2/5 50/270 ,/-\ @
ZRE Yo |

Pullback of wire under
live fluoro screening

Automatic 3D tracking
of wire tip to co-register
pressure drop

Plot locations of
pressure loss onto
angiogram in an
Interactive manner

Slides courtesy of Sukhjinder S Nijjer
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2. Before procedlérs? O/'n the cathlab

The Official Course of APSIC

Battle of "Resting Indices”

“wave-free period”

200 F

A

150 k //._ \ T\‘-_ -

Pressure [mm Hg]

100 B~

50

_pa

Py

van't Veer, M. et al. J Am Coll Cardiol. 2017;70(25):3088-96.

IFR: Philips, DFR: Boston Scientific, dPR: OPSENS, RFR: Abbott

Pa

- Pd
Average Pd/Pa
Instant Pd/Pa
Filtered Pd/Pa

RFR
(Lowest filtered Pd/Pa)

21



' All diastolic resting indices are identical to iFR,
ACT. ; eementwit BB

T = =~ both numerically and with respect to their agreement with FFR.

i ! j
“wave-free period" 075 el ’ i § 075 ol However, RCT
B b - ¢ s 4 | comparing clinical
200 ) 0.25*¢ / 0.25 ¢ ’, OUtCOmeS by these
PR27 0.5 05 075 1 025 05 075 1 . .
.. P 1 | | indices based
g e diagnostic strategies
E 150 | 1FR: somsec g 05 and Standard
L a diagnostic strategies
: 0% 05 85 1 are warranted.
100 L
075 |
_ "I guess they (RCT)
0.5 " t . .
" | & will be all equivalent”
9 ! 025 05 075 1 02825 05 075 1
=L iFR iFR

O------ Rest O -=-=-- Hyperemia

22

van't Veer, M. et al. J Am Coll Cardiol. 2017;70(25):3088-96.



asia

ALCT-PCR RFR is diagnostically equivalent to iFR

The Official Course of APSIC

» Resting full-cycle ratio (RFR) is an independent of
Pa the ECG, landmark identification, and timing
o within the cardiac cycle.

» There is excellent agreement between RFR and iFR.
Average Pd/Pa

Instant Pd/Pa

Filtered Pd/Pa i o a4 " E . —

BLIBOA B4

T15 593

RFR

20
2
3 |
RFR
0 AUC=0.881 (0.856, (.906)
iR
AUC=0.875 (0,548, 0.901)
P2
oo MIC=0.830 (0,865, 0.915)
’ DA Sn Sp PPY NPY 1.00 175 050 (¥ 000
1 - Specificity
A R'=0.985, p<0.001 B Mean ditference=-0.002, SD=0.011 c:tu , —
101 RFR=0.94xiFR+0.05 5% LOA:-0,02310 0,020 [
0.05 0.5 AUC=0.998 (0933, 0.958) /
08 < 001 K /
s >
3 [ £l
/7 L 2o /

R
RFR
Sensibwity

& 005 025 / Optimal cut-off to detect ischaemia
RFR <0.69

Y] 0 0% 0 02 04 0%
iFR (RFR+IFRV2

Svanerud, Ahn, et.al. Eurolntervention. 2018 Sep 20;14(7):806-814.
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Hyperem
ic
Pressure
Ratio

<0.8

Angiography derived physiology is
diagnostically equivalent to pressure derived physiology

CT
derived
FFR

Angiography

Non-Hyperemic Wire Derived Pressure Ratios derived FFR

Diastolic/
Subcycle




Physiological Assessment of Coronary Stenosis

: CT
Angiography .
derived FFR de;;‘l’fd

]
|
BOSTON - atnewo P e
Al O T S N R e
|

Y
<0. <0. <0. <0.

80 91 89 80

Caution: DFR is an investigational product and restricted by Federal law to investigational use only. Not available for sale in the US. CE Marked. IC-341809-AH page 25



2. Before procedtég? o/n the cathlab

PCR

The Official Course of APSIC

Angio-derived FFR does not need
wire and hyperemic agent

On-line

Available

Available

Available

Required angio

2 projections
25 degrees apart

=2 projections

2 projections
30 degrees apart

Mathematical formula

Mathematical formula

Process (Lance Gould) Rapid flow analysis (Lance Gould)
FAVOR pilot, II China, FAST-FFR FAST
Published Clinical data | Europe/Japan, WiFi II
Xu B, et al. JACC. 2017 Dec 26;70(25):3077-3087 Masdjedi K, et al. EuroIntervention 2019; Jaa-580
Westra J, et al. J Am Heart Assoc. 2018 Jul 6;7(14) Fearon, et al. Circulation. 2019;139:477-484. 2019, doi: 10.4244/E1J-D-19-00466
AUC
for predicting FFR<0.8 0.92-0.96 0.94 0.93
Time to 5 min (2.7 min: wi’ghout
computation (vs 7 min in FFR, manual correction and NA

p<0.001)

lesion identification)

26



@ E SC European Heart Journal (2018) 00, 1-9 CLINICAL RESEARCH

European Society doi:10.1093/eurheartj/ehy445
of Cardiology

Diagnostic performance of angiography-derived
fractional flow reserve: a systematic review and
Bayesian meta-analysis

Forest Plots of Sensitivity and Specificity

B6% Crediblo
P ™ intervals Estimates 957 Credibie
WIFI Study 56 E az  po E: . : .77 0,68 to .85 ©.84 1o 0,92
FAVOR Il Eurspe & Japan o a8 T L . . - 0.82 to ©.63 0,06 to 0,62
Papataklis el ol g ] s - = . 0.81 to 095 0.84 to DB2
T al . 5 0.005 o 0.Aa
it al . : : . - . 80 10 0,65
FAVOR Il China -3 R 0.80 to 0.07
FAVOR Piot bt & 5L 064 1o 0.00

0.83 1o 0,03
o 0,93
o .04
o .83

Moreia et al. . - X 0.75 to 0.08 . = : ¥ 56 1o 0.0
Pallioanc et al, L s N . n 84 1o v 06 : . ¥ A8 1o 004
Tui et al, 3 =p = a a
Komowski et al

Trobs o al

Ve Sensitivity 89% (95% Crl 84% to 93/)
Specificity 90% (95% Crl 88% to 92%)

Logusko ot al
Summary

+LR 9.05 (95% Crl 7.1 to 11.3)
s -LR 0.12 (95% Crl 0.07 to 0. 19)

FAVOR N Buropo & Ja) .
Papatakie et al, 2 7 — 5 ¥ 587 o 1180 - - 3 006 10 023
ERERCRLT ] . 013 0 042
£.03 o 12068 . . . 3 .06 10 0.24
TEF o 1410 . - . 0.04 10 013
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0.02 10 0.20
0.05 18 0,19
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0.00 0 007
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asia

No difference in Diagnostic Performance (AUC)

e oot between type of method for pressure drop computation,
Software or online/offline analysis.

. r
£
Loed

Bayesian Meta-regression

X o8
Fafme positee rake (FPRY
A. Method for pressure drop computation B. Software for FFR estimation
@ © ©
=] (=1 =
z 3 g 3 z 3
'E g =
= (= g
é 3 3 3 a3
o a. FFRp0 8
e Math. ——— QFA —— Offline
CFD — Others e Onlline
o = o -
T T T T | T T T T
0 0.2 04 06 0.8 1 0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.8 0.8 1
1-Specificity 1-Specificity 1-Specificity

Collet et al. Eur Heart J. 2018 Sep 14;39(35):3314-3321 28
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AT -PCR Advantage and limitation of QFR against FFR

The Official Course of APSIC

« Advantage (No need for wire and hyperemic agent)
» Shorter procedure time
* Less patient discomfort

« Eliminate erroneous coronary pressure measurement (occur in up to 1/3
of cases; Pressure drift, Aortic pressure ventricularization, Aortic
waveform distortion)

 Limitation
« The benefit on clinical outcomes has not yet been fully investigated
(FAVORIII China n=3800 (ncT03729739), Europe/Japan n= 2000 (NcT03656848))

 Analysis for specific lesion subsets are not reliable (i.e. LM, bifurcation,
ostium lesion)

« Results depend on the quality of angiography.

29
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Tihe Off;mial Course of APSIC

Excellent AUC of 0.95
for predicting FFR<0.80

100 B OFR ‘(5@((&(.«((rc(([@l((@“‘*imm&ﬁmm@fa
B e
B @5‘@'{““
- :". +
ees! *
80 o
- ¢ OCT-MLA .~
(?V o
B g K
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(s
Z 4 & — OFR
) B
$ 4op 3 — MLA
'
- B
20H¢e -
R —_
L gy n=355
_g-:”.‘
g
0 % L L | I L | | I 1 1 1 I 1 L L I 1 1 1 I
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100-Specificity
Presented at euroPCR2019 by Tu S

OCT-based FFR (OFR)

norphology and coronary physiology

1 procedure and instrumentation
OCT + computed FFR

3D stent
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OCT co-registered OFR
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ACr-PCR Coronary physiology on clinical decision making

The Of

. ‘ procedure outside the cathlab

« FFRq

2. Before procedure in the cathlab
* FFR (gold standard)
* iFR and other non-hyperemic indices (DFR, RFR, etc)
- Angiography derived FFR (QFR, FFR, i, VFFR)
 Intracoronary imaging derived FFR (OFR)

3. During or after procedure in the cathlab
» FFR: several studies
- iFR: DEFINE PCI
« QFR: HAWKEYE

31



A higher post-PCI FFR value is associated

with a better clinical outcome.
Primary end point Cutoff value of Comparison of low vs. high post PCI FFR on
FFR(AUC) primary end point

Piroth et al (FAME | 2-Y VOCE 0.92 9.2% vs. 3.8% p=0.037

1,2) (2017) (Vessel-oriented composite end (NA) (lower(<0.88) vs.

n=838 vessels point) upper(>0.92) tertiles)

DKCRUSH VII 1-Y TVF 0.88 8.0% vs. 4.0% p=0.001

(2017) (cardiac death, TV-MI, CD-TVR)

n=1476pts (0'831)

Agarwal et al MACE 0.86 23% vs. 17% p=0.02

(2016) (death, MI, TVR) (NA)

N=574pts Follow-up 31+16M

However, in real world practice adoption rate of post PCI
FFR is quite low (less than 10%b).

32
Tebaldi M, et al. JACC Cardiovasc Interv 2018;11:1482-1491.



DEFINE PCl

asia Post-PCIl iIFR measurement detected

24% of residual ischemia defined with iFR<0.89

Majority was focal drop

Angiographic confirmation of PCI result

— 24%

Blinded iFR with pullback -
at end of procedure Piztal:’gm

Pre- and Post-PCl iFR in Individual

110 ; Vessels - n=112pts
190 1 n=480pts

0904 -F---

0.80 A m Post iFR<0.89 mw Post iFR>0.89

0.70 -

0.60 1 FFTSTSS S FFFrrss. Proxirn/al
0.50 - 38.4% 31.5%

0.40 40.69+0.22 . 30.1% In-stent + segment Proximal to stent

0.30 - iFR increased post-PCl Distal to stent LT

g'fg ——— iFR decreased post-PCl

0.00 Distribution of Focal Residual Pressure Gradient

Jeremias A et al. presented at ACC 2019. 33



Post-PCI QFR highly correlates with prognosis

and is applicable in most of the cases.
HAWKEYE nNcT0281179

' 751 véssels in 602 batients

.| Median follow-up: 629 days Post-PClI QFR cut-off of
z HR for VOCE after correction: S089 as haVing the beSt
g »t 291, 95%CI 1.63-5.19, p<0.001 prediCtiVE dCcuracy for VOCE

ey AUC 0.77 (0.74-0.80)
" e .~ QFRs0.89 (123) p<0.001
Em OFR>0.89 (628) sensitivity 60%
3.5% | gspecificity 87%

Presented by Simone Biscaglia at euroPCR2019 34



ic : QKSiO R Was the ball inside or outside the court, Ask the HAWKEYE system...

Serruys PW et al. Editorial in JACC Interv (in press)

The Official Course of APSIC

HAWKEYE ncT02811796
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AT -PCR Physiological indices and interrogated coronary domain
The Official Course of APSIC

o by (W]

Wave |nten51ty analysis

FFR, iFR,
d-FFR, RFR
- e
leicro
R, f \
“ Pf
— Instantaneous hyperemic
diastolic pressure velocity slope
P P R R 100 cm/s
ao d d>100|.1m d<100um 76 v 162 63
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mmHg
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Acr-PCR Conclusion

The Official Course of APSIC

* FFR is the gold standard for clinical decision making before
procedure. iFR can be considered as equivalent to FFR.

« Other non-hyperemic indices, angio-derived FFR, OFR, showed
comparable diagnostic performance for the diagnosis of
hemodynamically significant stenosis defined by FFR <0.80.

 However, RCT comparing clinical outcomes by these indices
based diagnostic strategies and standard diagnostic strategies
are warranted.

- In terms of decision making during procedure, several studies
demonstrated that a higher post-PCI FFR value is associated
with a better clinical outcome. However, adoption rate is still
quite low. At this point, iFR and QFR can be good alternatives.

42
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Quantitative Flow Ratio In
MultiTALENT trial

1. State of the art and best practice PCI

2. Physiological assessment in multi-vessel
disease

3. What’s QFR?
The methodology of QFR




Clinical outcomes of state-of-the-art percutaneous coronary
revascularisation in patients with three-vessel disease: two-
year follow-up of the SYNTAX Il study

Patrick W. Serruys'**, MD, PhD; Norihiro Kogame®, MD; Yuki Katagiri®, MD;

Rodrigo Modolo’, MD; Pawel E. Buszman**, MD, PhD; Andres Iniguez®, MD, PhD;

Javier Goicolea’, MD, PhD; David Hildick-Smith*, MD; Andrzej Ochala®, MD, PhD;

Dariusz Dudek”, MD, PhD; Jan J. Piek’, MD, PhD; Joanna J. Wykrzykowska', MD, PhD;
Javier Escaned'’, MD, PhD; Adrian P. Banning'', MBBS, MD; Vasim Farooq'>, MBChB, PhD;
Yoshinobu Onuma?, MD, PhD

Achievement of SYNTAX II strategy

SYNTAX II SYNTAX-I PCI p-value
SYNTAX score II calculated 100% (454/454) 100% (315/315) 1.000
iFR/FFR per patient Excellent!! 96.4% (431/447) NA NA
1IFR/FFR per lesion Good! 75.5% (1,177/1,559) NA NA
Post-stenting IVUS per patient Good! 84.1% (384/454)  ppor.. 4.8% (15/311) <0.001
Post-stenting IVUS per lesion Good! 76.4% (872/1.142) NA NA
Success rate of CTO PCI per lesion Gpo7/ 87.0% (94/108) Poor... 57.4% (54/94) <0.001
Current-generation DES used  Excellent!’ 98.4% (440/447)  poor... 0% (0/315) <0.001

SYNERGY EES TAXUS PES
(strut thickness: 74 pum)  (strut thickness: 132 pm)

Statin at discharge Excellent!! 97.3% (437/449)  Gooq! 85.4% (268/314) <0.001

CTO: chronic total occlusion; DES: drug-eluting stent; FFR: fractional flow reserve; iFR: instantancous wave-
free ratio; IVUS: intravascular ultrasound; PCI: percutaneous coronary intervention

Major Adverse Cardiac or Cerebrovascular Events

%7 — syNTAX I PCI
—— SYNTAX || PCI
204 HR 0.57 (95% CI- 0.40-0.81), p=0.001
21.9%
g 151 174%
£
F 104 13.2%
10.7%
5 N
. SYNTAX I PCI vs SYNTAX 1I PCI
030 90 180 270 365 540 730
Number at risk Days
SYNTAX1PCI
35 288 288 215 262 256 250 212
SYNTAX 1 PCI
454 442 433 42 A0 388 191 37
25
—— SYNTAX | CABG
— SYNTAX I
1 HR 0.85 (5% CI: 0.58-1.25), p=0.42
15.1%
& 157
& 10
5 E
SYNTAX I CABG vs SYNTAX II PCI
030 90 180 210 365 540 730
Number at risk Days
SYNTAX | CABG
34 313 295 289 219 1 268 263
SYNTAX I
454 442 433 4 40T kL] 391 47




The 2010-2014-2018 trilogy of ESC-EACTS Guidelines on
myocardial revascularisation: we cannot jump three steps
this way and then return to where we began

: il David Glineur', MD, PhD; William Wijns**, MD, PhD

1. Division of Cardiac Sureery, University of Ottawa Heart Institute, Ottawa, Canada; 2. The Lambe Institute for Translational

Medicine and Curam, Saolta University Healthcare Group, Gabwvay, Ireland

Components of “best practice” PCI in patients with three-vessel disease

Calculation of SYNTAX Il score for inclusion based on calculated equipoise between PCI and CABG.

Targeted PCI based on physiology and anatomy using combined resting and hyperemic indices of stenosis
significance.

Use of intracoronary imaging for complex procedures (intravascular ultrasound [IVUS]).

PCI of chronic total coronary occlusion for complete revascularization.

Use of current-generation DES.

©o o0k jw

Optimal medical care including statin treatment at discharge.
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The importance of physiological assessment of
coronary artery stenosis

DEFER

No Demonstrated Benefit of Stenting a Non-ischemic Stenosis (FFR 2 0.75)

CLINICAL RESEARCH Interventional Cardiology @ Cuppn bt el (23534 -1 CLINICAL RESEARCH

Coronary artery disease

Percutaneous Coronary Intervention Deferral vs. performance of percutaneous

of Functionally Nonsignificant Stenosis SORHEYY S vantion oF SmEcousy
non-significant coronary stenosis: 15-year
5-Year Follow-Up of the DEFER Study follow-up of the DEFER trial
POles achimin o POX Cardiac Death and Acute MI after 5 Years . Myocardial Infarction
(n=325) P=0.002 = ~FDefer
20 1% P=0.003 I ﬁ::::::u
»-
[ 1 ; ~
deferral of PCI perfonr(n1n5§;a of PCI 15 E. Defeor \O’Z Perform
(167) ] =0.
P=0.21 E s P
1 ] [ 1 10 1 79 ]
FFR 2 0.75 FFR < 0.75 FFR < 0.75 FFR >0.75 T - [umm——
(91) (76) (68) (90) H
I'H‘H"Wls'ﬁ_l gl
No PCI PCI PCI [ 5
2.2%
l S l o == ’
DEFER PERFORM | REFERENCE Defer
DEFER PERFORM J
e REFERENCE Group Group FFR20.75 FFR<0.75 ’ ; T ™ T =

Pijls NHJ et al. JACC 2007;49(21):2105.



The importance of physiological assessment of
coronary artery stenosis

FAME 1

FFR-guided PCI Results in Fewer Stents and Fewer

Events Compared to Angio-guided PCI

FAME 11

FFR-Guided PCI with Medical Therapy (MT) Improves
Outcomes versus MT Alone

e NEW ENGLAND

Fractional flow reserve versus angiography for guidance of
PClin patients with multivessel coronary artery disease

JOURNAL o MEDICINE

ARUART 15, B0

Fractional Flow Reserve versus Angiography
for Guiding Percuraneous Coronary Intervention

28% relative risk reduction
in MACE at 1 year

95““\&.\
e, S

100+

20 Sy __ FrR-guided PCI
o, Y
85 Ry TN
p= 0.02 &r‘.giﬂuplﬂ-gmm"h—
80+
75+ Angiography-guided vs FFR-guided

91 (18.3%) vs 67 (13.2%)
704, log-rank p=0.02

Survival Free from Major Adverse Cardiac
Events (%)

T T T | E
120 180 240 oo

Days since Randomization

o &0

Tonino PAL et al. NEJM 2009;360:213.

(FAME): 5-year follow-up of a randomised controlled trial

MACE

100 —— FFR-guided PCI
—— Angiography-guided FCI
g T
£ 90 =& i L
] 8 \ From 2 to 5 years,
2 - 1 . -
3 N ! the risk were similar
3 N e
:.: 80~ ﬁ“‘ | — .
z "IH_ “
z LNy
=1 I ‘\..vhv “-—.1
g | N T
= 70 H T -
3 1 N
1
1 —
' p=0.22
60— |
1
I 154 {31%) versus 143 (28%) events.
/r : log-rank p-0 22
o-T T T T T 1
o 1 2 3 4 5
Number at risk
Angiography 496 393 350 319 293 257
FFR 509 434 389 341 310 263

Van Nunen, LX et al. Lancet 2015;386(3):1853-60

The NEW ENGLAND
JOURNAL o MEDICINE

SEFTEMUER 13, 2002

Fractional Flow Reserve-Guided PCI versus Medical Therapy

in Stable Coronary Disease

| PCIvs. medical therapy:
Hazard ratio, 0.32 [95% Cl, 0.19-0.53); P=0.001

259 Medical therapy vs. registry:
Hazard ratio, 4.32 [95% C|, 1.75-10.70); P<0.001

Cumulative Incidence (%)
s
L

r Medical
154 v therapy
104 "
54 " PCI

._.-'-"" ',Z Registry

0 T T T T T T T T T
0 1 2 3 4 5 6 7 & 9 10 11 12
Manths since Randomization

No. at Risk
Medical
therapy
PCI 447 414 3BB 351 308 277 243 212 175 155 117 92 53
Registry 166 156 145 133 117 105 93 74 64 52 41 25 13

441 414 370 322 283 253 220 192 162 127 100 70 37

Bruyne BD et al. NEJM 2012;367:991.

Cumulative Incidence (%)

ORIGINAL ARTICLE |

100
90
B0
704

Five-Year Outcomes with PCI Guided
by Fractional Flow Reserve

death, MI, or urgent revascularization

Hazard ratio, 0.46 (95% C1, 0.34-0.63)
P<0.001

HR 0.46 (0.34-0.63)
p<0.001

Medical therapy

PCI

T T T r T
1 2 3 4 5

Years since Randomization

Xaplanteris et al. NEJM 2018;379:250.




All scenarios require proof of ischemia
according to 2018 ESC/EACTS Guideline

Indications for revascularization in patients with stable angina or silent ischaemia

Extent of CAD (anatomical and/or functional

For Left main disease with smc e ?‘)
rognosis B
o Proximal LAD stenosis (50%.‘ W

Two- or three-vessel disMnosis >50% with impaired LV function (LVEF ‘ 359),5 61626 }?0'73 B

Large area of ischaemia detected by functional testing M abnormal invasive SO0

50%. )

For symptoms | Haemodynamically significant coronary sfenosis® in thefpr e of limiting angina or angina equivalent,
e 2463.91-97

Single remaining patent coronary artery wj

with insufficient response to optimized m

©ESC 2018

CAD = coronary artery disease; FFR = fractional flow reserve; iwFR = instantaneous wave-free ratio; LAD = left anterior descending coronary artery; LV = left ventricular;
LVEF = left ventricular ejection fraction.

*Class of recommendation.

"Level of evidence.

9Based on FFR <0.75 indicating a prognostically relevant lesion (see section 3.2.1.1).
“In consideration of patient compliance and wishes in relation to the intensity of anti-anginal therapy.

C: With documented ischemia or hemodynamically relevant lesion
defined by FFR<0.80 or iFR<0.89, or >90% stenosis in a major
coronary vessel.




Recommendation on functional testing
2018 ESC/EACTS Guideline

Recommendations on functional testing and intravascu-
lar imaging for lesion assessment

Recommendations

When evidence of ischaemia is not avail-
abl

assess the haemodynamic relevance of
15,17,18,32

Jre recommended to

Multiple RCTs

(DEFER, DEFINE-FLAIR,
SWEDEHEART, )

intermediate-grade stenosis.

o,

K

Should be considered

Single RCT (FAME)

R

patlerﬁ:s with multivessel disease under-
29,31

going PCL

IVUS should be considered to assess the

severity of unprotected left main

. —37
lesions. >

©ESC 2018

FFR = fractional flow reserve; iwFR = instantaneous wave-free ratio; IVUS =
intravascular ultrasound; PC| = percutaneous coronary intervention.

*Class of recommendation.

Bl evel of evidence.
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Quantitative Flow Ratio (QFR) ‘Medis

Medical Imaging Systems

Data Transmission System

Two image runs with
angle difference 225°

AngioPlus
System

QFR

Without Inducing Hyperemia

Tu S et al. JACC Cardiovasc Interv. 2014;7:768-77; Tu S et al. JACC 55
Cardiovasc Interv. 2016;9:2024-35




ORIGINAL STUDIES Sensitivity (95% Cl) Specificity (95% C1)

. % - - . Tu et al (FAVOR Pilot)
Diagnostic performance of quantitative flow ratio

in prospectively enrolled patients: An individual
patient-data meta-analysis

Westra et al (WIFI ll)

Xu et al (FAVOR Il China)
Jelmer WestraMD* @ | Shengxian Tu PhD? @ | Gianluca Campo MD** |

Shubin Qiao MD® | Hitoshi Matsuo MD, PhD® | Xinkai Qu MD7 | Westra et al (FAVOR Il
Lukasz Koltowski MD, PhD® © | Yunxiao Chang MSc? | Tommy Liu MD? | Eurape-Japan)
Junging Yang MD!® | Birgitte Krogsgaard Andersen BSc' | Ashkan Eftekhari MD* |

Evald Hej Christiansen MD, PhD® | Javier Escaned MD, PhD'? | R=701
William Wijns MD, PhD'? | Bo Xu MBBS®© | Niels Ramsing Holm MD*

=605

84% (77-90) = 88% (84-91)

A individual patient-data meta-analysis from 4 studies

A total of 819 patients and 969 vessels . P<0.001

QCA

P < 0.001 73%
Lo

Study Estimated mean difference (95% Cl) Weight (%)

Tu et al (FAVOR Pilot) 5 -0.001 + 0.058 11.09

QCA
459%%
T
1

Westra et al (WIFI 1) : 0.007 + 0.080 16.80

Xu et al (FAVOR Il China) —-—-— 0.008 £ 0.062 37.07

Westra et al (FAVOR |l Europe-Japan) —-‘H 0.014 + 0.064 35.04

Pooled - 0.009 + 0.068 100

Percent (%)

Sensitivity Specificity
Mean agreement of QFR and FFR. Sensitivity and specificity of QFR with FFR as a refe




Diagnostic performance of angiography-derived FFR
a systematic review and Bayesian meta-analysis

Forest Plots of Sensitivity and Specificity

Eslimat sﬁf&creﬂlnle
Studies TP FP intervals

WIF Study 66
FAVD &a a2
a7

Sensitivity 89% (95% Crl 84% to 93%)
Specificity 90% (95% Crl 88% to 92%)
+LR 9.05 (95% Crl 7.1 to 11.3)
-LR 0.12 (95% Crl 0.07 to0 0.19)

Studies

0 No angiography-
derived FFR provided.
5 Lack of 2x2 table.
1 No FFR provided

o012

7.06 to 11.29

14 Studies included in the meta-
analysis

Collet et al. Eur Heart J. 2018 Sep 14;39(35):3314-3321
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On-line vs Off-line QFR:
Insight from FAVOR II China

ROC for the discrimination of functionally significant stenosis

Sensitivity

On-lne |
AUC 0.96
Accuracy 92.7

Specificity

ff-line

AUC 0.97
Accuracy 93.3
On-line QFR showed excellent predictive value
and comparable accuracy to Off-line.

Xu B, et al. 3 Am Coll Cardiol. 2017 Dec 26;70(25):3077-3087 62
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A Case from SYNTAX |l trial
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Application of for clinical practice



Application of for clinical practice
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Conclusion

* In the contemporary era, physiological assessment of stenotic
lesion 1s mandatory as one of the components of “best practice”
PCI in patients with multi-vessel disease.

« Among several methods for coronary physiological assessment,
QFR has shown the high sensitivity and specificity with
pressure-wire measured FFR as a reference.

 The time for analysis of QFR takes approximately 5 min per
lesion, which would be quite acceptable for clinical practice.

* In the MUultiTALENT trial, QFR will be expected as a reliable
decision guidance tool.
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