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Why Imaging-derived Physiology?



@ ESC R ESC/EACTS GUIDELINES Recamiaridations

European Society doi:10.1093/eurheartj/ehy394
of Cardiology

2018 ESC/EACTS Guidelines on myocardial
revascularization

BUT

FFR adoption world-wide

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

Gottberg M et al JACC 2017

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

intermediate-grade stenosis.’*"718:3?

FFR-guided PCI should be considered in
patients with multivessel disease under-
gaitig PCLA%1

g
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0 4
Overall evaluation of the stenoses
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ISIS Survey- Toth G et al Circ Intv 2014
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Why still sub-optimal diffusion of FFR

Technique-related (the way FFR is measured)

Additional procedural time

Additional vessel instrumentation & manipulation

Additional cost (no reimbursement in some countries)

Patient’s discomfort (adenosine-related)



Imaging-derived Physiology: Basic Principles



Imaging Based Indices
(Anatomy-derived physiology)

Acquisition of Images

Application of CFD or
Fluid Dynamic Equations

De Maria GL et al Minerva Cardiology & Angiology 2021



Imaging Based Indices

(Anatomy-derived physiology)

Computational Flow Dynamics (CFD)

Several hours < 10 minutes >

e High computational power

* Long calculation times

FFRO.77

Flow
d Separation

virtual

stenosis

VFFR0.75

AP
13.7 mmHg

AP= (;fl L Q P 1/Azstenosis) ,+ (TZ Qz 1/Azstenosis 1/A2normref)

FFR,,  VFFR (virtual FFR)  VFAI FFRoca ' '

S ti
Koo B et al Morris P et al Papafaklis M et al TuSetal m
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Imaging Derived Physiology: Overview of main indices & Validation Studies



Angiography Intravascular Imaging
Derived Physiology Derived Physiology

Medlslmggtb at Caas

— OCT derived - OFR

CATHWO

FFRangio IVUS derived - UFR




Angiography
Derived Physiology
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Angiography Derived Physiology

p <o0.001

1-Specificity

Vessels (n=317)
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r = 0.86, p< 0.001

Mean Diff= -0.01+0.06
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— Mean
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0.4
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(QFR +FFR) /2
Estimate, % (95% Cl)
Accuracy 92.7 (89.3-95.3)
Sensitivity ~ 94.6 (88.7-98.0)
Specificity 91.7 (87.1-95.0)
PPV 85.5 (78.0-91.2)
NPV 97.1(93.7-98.9)

Xu B et al ] Am Coll Cardiol 2017



Angiography Derived Physiology

PIE MEDICAL

FAST study - 100 pts
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Angiography Derived Physiology

FFRangio c~mve

Witberg et al — (multicentre retrospective ) 500 pts, 700 vessels
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Angiography Derived Physiology
MMedis (s CATHWC RainMed

3D Model from 2 views 3D Model from 2 views 3D Model from 3 views 3D Model from 2 views 3D Model from 1 view

BP conditions fixed Input aortic BP Input aortic BP “Beat by Beat” aortic BP BP conditions fixed

Drop Pressure from
“lump model”

r{4 V4 . i’ V4 o
Flow “measured” as derived  Flow not “measured Flow not “measured”  Flow “measured” as derived

from TIMI frame count roprietary algorithm ' '
prop y alg Electrical resistance proprietary algorithm from TIMI frame count
Single vessel Single vessel Multiple vessels Single vessel Single vessel
No Bifurcation No Bifurcation Bifurcation No Bifurcation Bifurcation
No Co-Registration No Co-Registration No Co-Registration No Co-Registration Co-Registration

Manual Manual Manual Manual Al-Based



Intravascular Imaging
Derived Physiology

IVUS derived - UFR




Intravascular Imaging Derived Physiology

Lesion OFR=0.30
Simulated residual OFR = OFR + Lesion OFR = 0.93

N = 94 pts, 97 vessels N =118 pts, 125 vessels

FFR

Table 3. Diagnostic Performance of l.llaFR- and IVUS-Derived MLA to Identify FFR<0.80 _ OFR <0.80 MLA <1.89
UFR<0.80 MLA<2.01 mm? Accuracy, % (95% ClI) 90 (84-95) 74 (67-82)
Accuracy, % (95% Cl) 92 (87-96) 83 (78-89) Sensitivity, % (95% Cl) 87 (77-94) /8 (66-87)
Sensitivity, % (95% Cl) 91 (82-96) 89 (81-95) Specificity, % (95% Cl) 92 (82-97) /71 (58-82)
PPV % (95% CI) 92 (82-97) 73 (61-83)
Specificity, % (95% CI) 96 (90-99) 78 (68-87)
NPV, % (95% ClI) 88 (77-95) /6 (63-86)
PPV, % (95% CI) 96 (89-99) 81 (71-89)
LR+ (95% CI) 10.8 (4.6-25.2) 2.7 (1.8-4.0)
s b B i LR— (95% CI) 0.1 (0.1-0.3) 0.3 (0.2-0.5)

Yu W et al Circ Intv 2021



N = 181 pts; 212 vessels 100
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52 60
=
=
:.é
o 40—
w)
20— —— OFR: 0.97 (0.93-0.99)
—— QFR: 0.92 (0.87-0.95)
MLA: 0.82 (0.76-0.87)
%DS: 0.80 (0.74-0.85)
0 ] ] ] ] ] 1
0 20 40 60 80 100

100-Specificity

OFR <0.80 Urﬁlndg ";ead QFR <0.80 3; 3?‘1:3?"?“
Accuracy | 92 (88-95) 76 (70-82) 87 (83-92) 75 (69-80)
Sensitivity | 86 (77-93) 79 (69-87) 88 (79-94) /4 (64-83)
Specificity | 95 (90-98) 14 (66-81) 87 (80-93) 75 (66-82)
PPV 92 (84-97) 67 (57-76) 82 (73-90) 66 (56-76)
NPV 91 (85-95) 84 (76-90) 92 (85-96) 81 (73-88)

Huang J et al Eurolntervention 2020



Applications

#1 : Defining Indication for Stenting

#2 : Assessing final PCl results

#3 : Define Pattern & Distribution of Atherosclerosis

#4 : Planning PCI strategy

#5 : Optimising PCl result



#1 : Defining Indication for Stenting

@ HeartFlow:

CathLab vs No Cathlab

Stenting vs Medical Therapy




FAVOR Il CHINA

 Stenosis Diameter 50-90%

3825 Patients referred for PCI (stable CAD or > 72h NSTE-ACS)

QFR-guided group

(n=1913)

Angiography-guided group p value

(n=1912)

Radial artery approach

1885 (98-5%) 1869 (97-8%) 0-071

PCl performed 1731 (90-5%) 1895 (99:1%) <0-0001

Drug-eluting stents placed 1667 (87-1%) 1812 (94-8%) <0-0001
Drug-coated balloon angioplasty 55 (2-:9%) 58 (3-0%) 0-77

Non-drug-coated balloon angioplasty 9 (0-5%) 25 (1-3%) 0-0049

Number of stents placed per patient 1:45 (1-02) 1-58 (0-97) <0-0001
Stent length, mm 427 (26-3) 41-9 (26-3) 0-36
Stent diameter, mm 3-03(0-41) 3-01(0-41) 0-34

Patients with intended vessel deferral or unintended vessel treatment 445 (23-3%) 119 (6-2%) <0-0001




MACE = Death, All MI, Ischaemia Driven Revasc MACE = Death, Ml (no periprocedural), Ischaemia Driven Revasc
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b= 10- HR: 0.58 HR: 0.71 t-)l p=-0.0004 8.8% P=0.01
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MACE All-cause Mi IDR o 3 6 9 12 15 18 21 24

death

Months Since Randomization

Song L, et al. J Am Coll Cardiol. 2022;80(22):2089-2101.



Superior to Angiogram .... But Equivalent to wire-based FFR?

FA\/O R | ‘ ‘ Furope Japan FA
Functional Assessment by\/lrtLH Online Reconstruction \

2000 patients randomized to QFR guidance

VS

7>5)

2228 patients randomized to vFFR guidance
Vs
wb-FFR guidance

wb-FFR guidance

—
e




Application #2: Assessing Final PCl result



N = 1395 pts, 1685 vessels

N = 602 pts, 751 vessels

B Post-PCl QFR

151 HR = 3.78, 95% CI: 1.61-8.87; —— Post-PCI QFR > 0.80
Log rank p = 0.001 == Post-PC| QFR < 0.80
12 1
9.8%
£ 9]
0
3
> 61
3 | 2.7%
—-—"'_”-'
0 - | m—
0 3 6 9 12 15 18 21 24
Time since Index Procedure (Months)
Number at Risk:
>0.80 1621 1606 1599 1585 1571 1557 1551 1546 1542
<080 64 61 60 58 56 53 53 53 53

50

= « QFR below/equal 0.89 (n=123)

== QFR above 0.89 (n=628)

30

20} o!

Cumulative occurrence of VOCE (%)
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0

400 500 600

300

Vessels at risk Time since PCI procedure (days)
— 628 609 604 “

700

31
205

Dan N et al JAHA 2022 — PANDA Il study

Biscaglia S et al JACC Intv 2019 — HAWKEYE study




Application #3: Defining pattern of atherosclerosis



N = 1003 pts, 1444 vessels ALL with QFR < 0.80

A Pre-PCl QFR-PPG index
151 HR=1.93,95% CI: 1.08-3.44;  ~—— Pre-PCI QFR-PPG > 0.78
Log rank p = 0.02 w Pre-PCl QFR-PPG < 0.78
12
g9
(o]
3
S 6
3.9%
3 -
2.0%
04 . v v ' ' ' ' .
0 3 6 9 12 15 18 21 24
Time since Index Procedure (Months)
Number at Risk:
>0.78 885 876 873 868 862 856 853 851 849
<0.78 800 791 786 775 765 754 751 748 746

A

2%

]

VOCO (%)
= >

s Conservative-strategy
PCl-strategy HR (95%Cl)* P value*
wes LowPPGWithPCI  1.41(0.70-178) 065

== HighPPGWIth PCI  048(0.27-085) 0.0t

Overall Log-rank P=0.005
8.4%
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Dan N et al JAHA 2022 — PANDA Il study
Dan N et al CCl 2022




Revascularization with successful stent implantation

y

Post-PCl measurement of QFR— QFR value >0.89

QFR value =0.89

Contrast QFR

3-time increase in the risk of VOCE
Adjusted HR 2.91, 95% CI 1.63-5.19

\/
Identification of the : 131':% .
site of QFR drop 21% instent _

combination

Vessel QFR: 0.81

Contrast QFR

Vessel QFR: 0.81 Vessel QFR: 0.83

Contrast QFR

position (mm)

Biscaglia S et al JACC Intv 2019 — HAWKEYE study



Application #4: Planning PCI



LEAVE FOCAL LESION

TREAT SERIAL LESIONS

OPTION 1
OPTION 1

RESIDUAL QFR 0.87
N N
z
: :
6 0
RESIDUAL QFR 0.81
M ™M
z
5 3 |
5 !
Vessel QFR 0.55 0 Vessel QFR 0.71 0

W R S

RESIDUAL QFR 0.95 RESIDUAL QFR 0.97




AQVA study

300 patients were randomized

:

148 received angio-guided PC

'

'

152 received virtual PCl plan

148 patients included in the
primary endpoint analysis

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
uuuuuuuuuuuuuuuuu

QFR-Based Virtual PCI or Conventional
Angiography to Guide PCI

The AQVA Trial

Simone Biscaglia, MD,” Filippo Maria Verardi, MD,” Matteo Tebaldi, MD," Vincenzo Guiducci, MD,"

Serena Caglioni, MD," Roberta Campana, MD," Antonella Scala, MD,” Andrea Marrone, MD," Graziella Pompei, MD,"
Federico Marchini, MD," Davide Scancarello, MD," Gianluca Pignatelli, MD," Sergio Musto D’Amore, MD,"”

Iginio Colaiori, MD," Pierluigi Demola, MD,"” Luigi Di Serafino, MD," Carlo Tumscitz, MD," Carlo Penzo, MD,"
Andrea Erriquez, MD,” Marco Manfrini, BSc,” Gianluca Campo, MD"

t_’ 1 no post-PCl QFR for vessel occlusion during PCI

l

151 patients included in the
primary endpoint analysis

172 vessels included in the
primary endpoint analysis

'

184 vessels included in the
primary endpoint analysis

Primary Endpoint: rate of vessels with post-PClI QFR < 0.90

Vessels with post-PCI QFR<0.90
Y o

5%

20%
!

15%

10%

0%

8.5% absolute difference
57% reduction -
p=0.009
n=26 (15.1%) L
14
WL
s
) o
=12 (6.6%) & n
r\_ o
(D_ o

Angiography-based Virtual PCI Angiography-based Virtual PCI




Patients with stable CAD* (n=1000) with at least one lesion with
diameter stenosis >70% and FFRCT <0.80

Key Exclusion Criteria: LM stenosis, STEMI, eGRF 14 clinical sites in 5 countries
<30 miKg,previous PCI in target vessel or CABG, (BE, IT, DK, UK and HU)
insufficient CTA quality. .
Centralize core laboratory PI: Carlos Collet & Daniele Andreini
screening for eligibility hgrsonsplvad ol o

Core Lab: CoreAalst BV

e CRO: QbD Consulting

CT-guided PCI strategy
FFRCT Planner + Online CT guidance
I PCI at operator discretion
Invasive physiology pre- and post-PCl recommended
g 3

Primary endpoint (non-inferiority)
MACE (cardiac death, target vessel Ml and ischemia-driven TVR)
between CT- vs. IVUS-guided PCI at 1-year follow-up

Key secondary endpoint
Radiation dose and contrast volume between CT-and IVUS-guided PCI strategies.
Post-PCI FFR measured immediately after PCI between CT-and IVUS-guided PCI strategies.
SAQ-7 scores between CT and IVUS guided PCI strategies at 12 months.

Hypothesis: A CT-guided PCI strategy is non-inferior to IVUS guided PCI with respect to MACE



Application #5: Optimizing PCI results



Optical flow ratio for assessing stenting result and
physiological significance of residual disease

Daixin Ding'?, MSc; Wei Yu', BSc; Héléne Tauzin®, PhD; Giovanni Luigi De Maria*, MD, PhD;
Peng Wu', BSc; Fan Yang', BSc; Rafail A. Kotronias*, MBChB, MSc; Dimitrios Terentes-Printzios*, MD, PhD;

Mathias Wolfrum*, MD; Adrian P. Banning*, MBBS, MD; Nicolas Meneveau’, MD, PhD; ., max malapposition stent area 2.34 mm?
- _— : ea L . lumen area 16.31 mm? distance 0.35.mm ME| 29% lumen area 4.19 mm?
William Wijns?, MD, PhD; Shengxian Tu'**, PhD "N : 2
1. Biomedical Instrument Institute, School of Biomedical Engineering, Shanghai Jiao Tong University, Shanghai, China; v
" Th, sTs s i Phizzass 5 L S Vi) Lifs, Foissmcaiss - APy SRRy o [X, NPT, A 5
2. The Lambe l”\‘///,“/(‘/’)l /mnf/ulmm// Medicine and CURAM, National ( niversit of //‘c/um/(ru/m'a. Galway, Ireland, sy
3. Department of Cardiology, University Hospital Jean Minjoz, Besangon, France, 4. Oxford Heart Centre, John Radcliffe AT RS (OISO

Hospital, Oxford University Hospitals NHS Foundation Trust, Oxford, United Kingdom, 5. Department of Cardiology, Fujian

N = 155 pts (DOCTORS & OxOPT studies)

Accuracy, % (95% CI) 384 (77-91) 015] o o e

0.201 y=-0.10 x +0.10 0.201 y = 2.65x10%x +0.03
0 r=-0.49, p <0.001 0 r=0.27, p = 0.002

o

Sensitivity, % (95% Cl) 61 (44-77) o s o
Specificity, % (95% CI) 93 (86-98) § 0.10] 0 § 0.101

PPV, % (95% ClI) 79 (59-92) 0.0
NPV, % (95% Cl) 86 (7/7-92)

0.057

0.007 0.007

2% 50 75 100 125 0 5 100 150 200
Minimum expansion index (MEI), % Stent malapposition




A |
.

lumen area 15.40 mm? lumen area 2.37 mm?.  lumen area 2.44 mm? lumen area 3.53 mm?

v

6.93mm¢’

10.62mm?
Min/Max 349/374

3.09mm?
Burden 34.7¢

|
I | 3 )
| | nymow o¢ 2-30, O
FFR=0.64 * :,- T 5 Min/Max 2.87/3.05
: ' ‘
| |
|

B

5. 54mm?

U
—) T

C'FR%-63 . " Expansion

¥
Lesion OFR=0.30

Simulated residual OFR = OFR + Lesion OFR=0.93




OPTIMISING

0.74 - 0.85*

Diffuse pattern
virtual PPG

%ii«-’

*Lauri FM et al EHJ Suppl 2018



