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Non-invasive cardiac testing

Cardiac tests should help
clinicians determine the right
pathway for each patient.
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No CAD

A finding of No CAD does not diminish the role of
initiating or continuing primary prevention efforts
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Current reality of non-invasive cardiac testing

-
-

No lesion-specific
information provided

Treadmill

1. Patel, et al. N Engl J Med 2010. Patel, et al. AHJ 2014. Danad, et al. JAMA Cardiology 2017.
2. Arbab-Zadeh, Heart Int 2012. Yokota, et al. Neth Heart J 2018. Nakanishi, et al. J Nucl Cardiol 2018.

High rate of
false positives

55% of patients sent for an elective
ICA following a non-invasive test
have no obstructive CAD?!

High rate of
false negatives

20-30% of patients will
have a false negative result
for obstructive CAD from a

non-invasive test?
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Case Study: A Common Clinical Occurrence

Patient Presentation Coronary CTA findings

» 79 y/o female » Moderate-severe mid-

LAD stenosis (70-809%)

» History: Shortness of
breath, diabetes,
previous silent
myocardial infarction

» SPECT positive

SCHOOL OF MEDICINE
CASE WESTERN RESERVE
UNIVERSITYX

Courtesy of Dr. Daniel Simon
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Case Study: A Common Clinical Occurrence

No meaningful blockage:
Invasive FFR suggests no intervention is needed

Lossy compression - not intended for diagnosis

Invasive Angiogram

Lossy compression - not intended for diagnosis

F F Rinvasive 086

SCHOOL OF MEDICINE
CASE WESTERN RESERVE
UNIVERSITYX

Courtesy of Dr. Daniel Simon 73474022 vl



Case Study: A Common Clinical Occurrence

Had FFRcT been
available...

FFRinvasive 086

SCHOOL OF MEDICINE
4l CASE WESTERN RESERVE
UNIVERSITYX

Courtesy of Dr. Daniel Simon 73474022 vl



Current reality of non-invasive cardiac testing

No lesion-specific
information provided

Treadmill

1. Patel, et al. N Engl J Med 2010. Patel, et al. AHJ 2014. Danad, et al. JAMA Cardiology 2017.

High rate of
false positives
55% of patients sent for an elective

ICA following a non-invasive test
have no obstructive CAD*!
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Case Study: Under-diagnosing disease

87 y/o female
History: Persistent chest pain

Repeated negative SPECT tests over 13 years
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Case Study: Under-diagnosing disease

Invasive angiogram validates findings of
narrowings in two coronary arteries

CCTA shows narrowings of multiple
coronary arteries

FFRcT shows two coronary arteries with
Memorial functionally-significant disease and low FFRcT

Hospital of South Bend' values (0.50-0.60 range) enabling invasive
Courtesy of Dr. Michael Grantham treatment and resolution of symptoms 73474022 vl



Current reality of non-invasive cardiac testing

-
-

No lesion-specific
information provided

Treadmill

1. Patel, et al. N Engl J Med 2010. Patel, et al. AHJ 2014. Danad, et al. JAMA Cardiology 2017.
2. Arbab-Zadeh, Heart Int 2012. Yokota, et al. Neth Heart J 2018. Nakanishi, et al. J Nucl Cardiol 2018.

High rate of
false positives

55% of patients sent for an elective
ICA following a non-invasive test
have no obstructive CAD?!

High rate of
false negatives

20-30% of patients will
have a false negative result
for obstructive CAD from a

non-invasive test?
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A better cardiac testing pathway starts with coronary CTA

Coronary CTA answers the clinically relevant questions for patients with suspected CAD

> No CAD

Mild disease

o I
: S

Obstructive CAD and
P R
Revascularization

Patients with stable symptoms
suggestive of CAD in whoma ——p
test is indicated

Coronary CTA
(moderate/severe disease)

73474022 v1



A better cardiac testing pathway starts with coronary CTA

Improved Long-term Outcomes: Lower Radiation than SPECT:
Coronary CTA + Standard Care Coronary CTA
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1. Newby, et al. N Engl J Med 2018. | 2. Stocker, et al. Euro Heart J 2018. | 3. Einstein, et al. Euro Heart J 2015.



Survival Probability

A better cardiac testing pathway starts with coronary CTA

Coronary CTA's high negative predictive value gives confidence when no disease is found

100% A

98% -

96% -

94% -

92% -

90% -

0: Normal / CADRADS O
1: Non-obstructive CAD / CADRADS 1-2

2: Obstructive CAD / CADRADS 23

1 I I 1 1 I 1 1 I 1

2 4 6 8 10
Years

“Warranty Period” of a normal CCTA > 8 years

Finck, et al. JACC: Cardiovascular Imaging 2018.

CADRADS O

CADRADS 1-2

CADRADS 3

CADRADS =3

73474022 v1



CAD-RADS reporting for patients with stable chest pain

CAD-RADS
Classification

Degree of Maximal
Coronary Stenosis

Interpretation

Further Cardiac
Investigation

Management

CAD-RADS O

CAD-RADS 1

CAD-RADS 2

CAD-RADS 3

CAD-RADS 4

CAD-RADS 5

0% (No plaque or
stenosis)

1-249% - Minimal
stenosis or plague with
no stenosis™*

25-49% - Mild stenosis

50-69% stenosis

A - 70-99% stenosis or
B - Left main >50% or
3-vessel obstructive
(270%) disease

100% (total occlusion)

Documented
absence of CAD*

Minimal non-
obstructive CAD

Mild non-
obstructive CAD

Moderate
stenosis

Severe stenosis

Total coronary
occlusion

None

None

None

Consider functional
assessment

A: Consider ICA or
functional
assessment

B: ICA is
recommended

Consider ICA and/or
viability assessment

Reassurance. Consider non-atherosclerotic causes of chest pain

Consider non-atherosclerotic causes of chest pain
Consider preventive therapy and risk factor modification

Consider non-atherosclerotic causes of chest pain
Consider preventive therapy and risk factor modification, particularly for
patients with non-obstructive plague in multiple segments.

Consider symptom-guided anti-ischemic and preventive pharmacotherapy
as well as risk factor modification per guideline-directed care***
Other treatments should be considered per guideline-directed care***

Consider symptom-guided anti-ischemic and preventive pharmacotherapy
as well as risk factor modification per guideline-directed care***

Other treatments (including options of revascularization) should be
considered per guideline-directed care***

Consider symptom-guided anti-ischemic and preventive pharmacotherapy
as well as risk factors modification per guideline-directed care***
Other treatments (including options of revascularization) should be

considered per guideline-directed care*** 474022 v1



A better cardiac testing pathway starts with coronary CTA

Coronary
% CTA
v
N~

Suspected CAD

4\ .

Only coronary CTA
differentiates patients with
moderate to severe CAD...

... from patients with
mild to no CAD.

73474022 v1



What happens to patients in this pathway? —

.

Patient with
Suspected CAD (low
to intermediate

probability)

'
cCTA is a high value test.

cCTA alone provides enough information
to completely diagnose 3 out of 4

patients and, as appropriate, to enable |
initiation of medical treatment for early- |
stage disease.

Non-obstructive
CAD (CCTA with
lesions <30%)

|

No Ide“tlllable CAD

Risk Factor p
Modification

Optimal Medical
Management

Moderate to Severe
CAD (CCTA with
lesions 230% but

FFRcy Performed

~

<90%)

Optimal Medical
Management

Benton et al., J Thorac Imaging 2017. .

FFR<0.80

l

Referral for Invasive
CCA

wy




A better cardiac testing pathway starts with coronary CTA

Coronary CTA is the preferred pathway in the UK...

Coronary CTA as a frontline test™ for
patients with:

-  typical or atypical chest pain, or
e abnormal 12-lead resting EKG

Natlonal Institute for
Health and Clinical Excellence ——

..and is being called for globally

JACC

JOURNAL OF THE AMERIS COLLEGE OF CARDIOLOGY

@ESC Eivcommi i Bl BT CLINICAL REVIEW EDITORIAL COMMENT @

European Society doi:10.1093/eurhea n;/eh 2024 Controversies in cardiovascular medicine
of Cardiology

Coronary CT Angiography in
Should NICE guidelines be universally .
; New-Onset Stable Chest Pain
accepted for the evaluation of stable

coronary disease? A debate Time for U.S. Guidelines to Be NICEr*

Harvey S. Hecht'*, Leslee Shawz, Y.S. Chandrashekhar3, Jeroen ). Bax‘, and

! Michael J. Blaha, MD, MPH,** Miguel Cainzos-Achirica, MD MPH"
Jagat Narula

*See NICE Guidance for Chest Pain of Recent Onset (CG95)

74022 v1



CLINICAL PRACTICE GUIDELINE: FULL TEXT

2021 AHA/ACC/ASE/CHEST/SAEM/
SCCT/SCMR Guideline for the
Evaluation and Diagnosis of Chest Pain

A Report of the American College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines

COR LOE RECOMMENDATIONS

Index Diagnostic Testing

Anatomic Testing

- 1. For intermediate-risk patients with acute chest pain and no known CAD eligible for diagnostic testing

after a negative or inconclusive evaluation for ACS, CCTA is useful for exclusion of atherosclerotic plaque
and obstructive CAD (1-11).

2. For intermediate-risk patients with acute chest pain, moderate-severe ischemia on current or prior (<1

1 C-E0 year) stress testing, and no known CAD established by prior anatomic testing, ICA is recommended.

3. For intermediate-risk patients with acute chest pain with evidence of previous mildly abnormal stress test 73474022 v1

2a C-LD results (<1 year), CCTA is reasonable for diagnosing obstructive CAD (12,13).



DISCOVER-FLOW

» Completed 2011
> N=103 patients

Di is of Ischemia-C. i Coronary Stenoses
by Noninvasive Fractional Flow Reserve Computed
From Coronary C rted T phic Angi ams

Resules From the Prospective Multicenter DISCOVER-FLOW
(Diagnosis of Ischemia-Causing Stenoses Obrained V
nvasive Fractional Flow Reserve) ly

Bon-Kwon Koo, MD, PibD,* Andrejs Erglis, MD, Pub, Joon-Hyung Doh, MD, Pub,#
MD,§ Sanda l(wn Mn Hyo-Soo Kim, MD, PibD,* Allison Dun: D,

MD.# Alcxandra Landey, MD, ™ Jonsthan Leipsic, BSc, MD,11 James K. Min, \m;.
South Korea: Riga. Latvia; Palo A

York; New Haven, € sty and Vancowser, Britich C:

San Francisco, and Les Angeles, C.
a, €

Objectives The sim ot this stuty was t deteemine a
Tow racarve (FTT) whh compucationss fusd dynamics. (CFD) appied 10 coronary competad tomograpivy angiogra-
Py (CCTA) data in paianss with nown caronary artsey dssase (CAD)

ER tho sold standard for Kontfying coronary artsry
than s for =
trom CCTA dsta (FFF,.| prowes tor however, the.
agroste emarmancs of this new method & eknown.
Muthods Computation of FR from CCTA dsta ws percxmed on 155 wssets n 103 sotents undargoing COTA.inea

-
sive coeonary angioraphy. o6 detormined FFR.. and CAD stonosis se-
vorty by COTA. techarmia e Gongd by an PPy and FFR <0.90. and ansiomicall; cbnirucis CAD wim
dofimod a5 3 CCTA with stonosis =50%. Diagnastic perfommance of FFR., and CCTA stanosis wes assessod
with invasive FFR 2 the retarance standard

Reautts Py o paients had =1 vessal wkh FT? 0,80, 0 pr-sesel bk, e accuracy. seosiy. specc
positive predicive wols, a0 1 Tk were 843K, 87.0% E22% T3 K, 52.3% ety for
PP ot weee SB.5%. 51.4%, 3 6%, 46.5%, 58 9%, rospecively, or CCTA stmnocis. T e srer he feceiver.
opersor o o curvs wam .90 for FFR,, .-mmwcmm 00011 The FFR, sed FFH wora wok como.
Btod (1 ~ 0717, p < 0.001) with 3 sbg urdon 1 by R, (0.022 = 0,116, 5 ~ 0,016

Comclusions  Nonivasiv Y deted tom CCTA 1 2 el mahiod weh Mg iagnosic prtonmance or e dceccon and

L LW Pacorve: NCTOLLBOAT) 0 A Cob Carcios 2011.58.1080.97 & 2011 by B
ercan Gomegn 0f Carcioogy Foumduton

Accuracy of FFR~ Com

DeFACTO
Completed 2012
N=252 patients

I ORICINAL CONTRIBU

TON

ONLINE FIRST

Diagnostic Accuracy of Fractional Flow
Reserve From Anatomic CT Angiography

Coronary computed tomographic (CT) anglography is 2 noninvasive ana-

Tomic 1est for GIAgRos of coronary Siensis that docs not Getermine whether a ste-
ot cases ichermia I contras ractional fiow reserve (FER) = prysiologie mea.
e ol amount o

o presence of asencss, but K requires s myasive procedure Noninvase FFR
ted from C T (FFR) i  novel method for determining the physiclogic 4 ifcance
B Coronasy ety disedie (CADY. Dut s Apity 10 ety mehem e noFbecn ad-

equately examined to
Gbjactive To assess the dlagnostic performance of FFRer i CT for diagnosis of
hermodynamically significant coronary stenosss.

Design, atients Multicenter diagnostic performance study involv-
ng 252 bl paients with suspected or known CAD from 17 centers n'5 countries

Invasive coronary anglography (ICA), nd FFR_, between
b 5016 and Otober 3011 Commputod tormobrashy 1A FFR. and FERr were

y ccuracy of FFR plus
CT for diagnesis of Ischemia was compared with an Invasive FFR reference standard.

tschemia was defined by an FFR or FFR., Sh 0180 or oo while anatomically cbsiruc-
/& CAD was defined by a stenosis of 50% or larger on CT and I

CT could improve the per.patient diagnostic accuracy such that the lower Eocndary

L of the 1-sided 95% confidence Interval of this estimate exceeded
""rl'"'ﬂ BT Results_ Among study participants, 137 (54.4%) had an .\bnorrrm\ FFR determined
Robe MDD y ICA_On iy, positive pre-

Sioe e ‘mdnengepmdnwrva\ueufKFR—,qusCF~evr73% ©5% Cl. 67%-
90% (95% Cl 80 95%), 535 (9% Ci 46% 83%), 6755 G5 O
nd 83% (95% CI, 74%-90%), respectively. Compared with ot
dmgnosed by CT alone (area under the receiver operating characteristic curve auc
1,0.62:0.74). FFR., was assoclated with improved discrimination (Al
astioex Lasoaes oo o)
nelution Athough thesudy det not acheve i prespeciied prmary utcome ool
rmelovelo accuracy. u: lus CT among.

Toiec g
e M.

ari MD.
ORONARY COMPUTED TOMO-

1 knor ith
accuracy and discrimination vs CT alone for the diagnosis of hemodynamically Sgnifi-
cant CAD when FFR determined at the time of ICA was the reference standard
 sig- Publehad onine August 26, 2012, dot10.1001/2012 jama 11274 o jama com
D, and even among CT-

cip necessary ICA and coro-  junct to ICA, fractional flow reserve
s un,  aFy revascularization for patients who (FFR) has served as a useful tool t de-
i ip o A oot have fechernia' termine the likelthood that a coronary
Stenosts severity to tschemia and have us 7 e’ can

(et conccrns that sc of T may pre.  domized trials that Tave demined ho

Author Afiiations are Ikiad 5 e e of o e
Componding futrer. James X, 14D
SinsiYios Iasinate 8700 Beviety v, o T3per
S SRR IR

For editorial comment see p 1265.

©2012 Amertcan Medical Assoctation. All rights reserved. IAMA, Seprember

NXT
Completed 2013
N=254 patients

Journ o i Ameccm Coege of Carkciogy 5 No. 12201
B e S T, ranin o SR II
Diagnostic Performance of Noninvasive ®Cmsm«

Fractional Flow Reserve Derived From
Coronary Computed Tomography Angiography
in Suspected Coronary Artery Disease

The NXT Trial (Analysis of Coronary Blood Flow
Using CT Angiography: Next Steps)

Bjame L. Norgaard, MD, PuD," Jonathon Leipsic, MD, PuD, | Sara Gaur, MD,*
Sujith Sencviratne, MBBS, | Brian S. Ko, MBBS, PuD, Hiroshi Iro, MD, P,
Jesper M. Jensen, MD, PuD," Laura Mausi, MD, PuD,|| Bernard De Bruyne, MD, PuD,§
Hiram Bezerra, MD, PuD,# Kazuhiro Osawa, MD,§ Mohamed Marwan, MD, PxD,”
Christoph Naber, MD, PHD, 1 Andrcjs Erglis, MD, PuD, i1 Scung-Jung Park, MD, P55
Evald H. Christiansen, MD, PuD,* Anne Kaltoft, MD, PuD," Jens F. Lassen, MD, PuD,"
Hans Erik Botker, MD, DMSCI," Stephan Achenbach, MD, PuD,™

on behalf of the NXT Trial Study Group

Aarhus, Denmark; Vancouver, British Columbia, Canada; Victoria, Australia; Okayama, Japan;
Boston, Massachusetts; Aalst, Belgium; Cleveland, Obio; Erlangen and Essen, Germany; Riga, Latvia:
and Seoul, South Korea

Objectives e aiagnostic flow reserve (FFR)
derived from standard acquired coronary computed tomography angiography (CTA) datasets (FFR) for the
Giagnosis of myocardial ischemia in patients with suspected stable coronary artery disease (CAD)

Background  FFR measured during invasive coronary angiography (ICA) & the gold standard for lesion specific coronary
rovascularization dedsions in patients with stable CAD. The potential for FFRe; 1o nonimashely identily ischemia
in pationts with suspected CAD has not been sulficiently investiga

Methods This prospective inciuded 254 for suspected
CAD. Coronary CTA or CTA was

in1cA FrRe
in a biinded fashion by an independent core laboratory. Results were compared with invasively measured FFR, with
ischemia defined s FFRe; or FFR <0.80.

Resuits interval (C1: 087 to.
(@5% ot 076 (¢ =0.0008).
D to Iderity myocarcil chemia were 0% (95% C: 77% 1 92%)and TOX (95 Ci T2% to 8% or PRy
ot 27% 40 CrA and %) and 83%

(o Ch 775 o 8% fox 1A reapacivaly 1 paderts (1 555 th riormodis somemts (95% G- 30% 1o 70
the diagnostic acauracy of FFRc, romained high

nign aiagnosis
From the “Depurmens of Carbioby, A Uity Hospit Sy, Conter 2nd Morush Universty, Victos, Austiss {Depursment of Casdciory,
Dot o g S P Heal T WS G ey By o i o Gt i e
Cotimbis, Vanoer, B Columin, Conad e Moo Medid e Bghor e + Horpid, Bomtom, Maoschusate, 4Cardimcds

pared to Gold Standard

NXT Per-Vessel
Performance

Specificity: 86%
Sensitivity: 84%
Accuracy: 86%

Data supported 2014
FDA Clearance

73474022 v1

Koo et al., JACC 2011.
Min et al, JAMA 2012.
Norgaard et al, JACC 2014.




The Need for Physiology:
When does a 709 LAD stenosis by CCTA impact flow?

CTA 70% LAD Stenosis Angio /0% LAD Stenosis
- .

- FFR
" Findings

Patient A

Angio /0% LAD Stenosis

e
FFRcT 20 & FFR
Values " Findings

Patient B

73474022 v1



A better cardiac testing pathway starts with coronary CTA

o,

Coronary
% CTA
v
N~

Suspected CAD

di»

Q9

g

N\

—»

<

Further Assessment,
Intervention, or
Surgery

Medical
Therapy

CCTA + FFRcT
clarifies the pathway

for patients with CAD...

... by improving the
accuracy and performance
of non-invasive cardiac testing.

73474022 v1



Diagnostic performance of common cardiac tests

AUC
100%
[l HeartFlow FFRcT . .
0.94 Diagnostic accuracy:
80% * 87% (PACIFIC, JACC 2019)
° ()
W PET 86% (NXT, JACC 2014)
0.87 (p < 0.001)
2 60% P
2
s}
(%) B Coronary CTA
% 40% 0.83 (p < 0.001)
)
M SPECT
2o 0.70 (p < 0.001)
0% P-values reflect comparison to the
0 20 40 60 30 100 HeartFlow FFRcT Analysis

100-Specificity

73474022 v1

Driessen, et al. J Am Coll Cardiol 2019. | Ngrgaard, et al. J Am Coll Cardiol 2014.



A better cardiac testing pathway: Coronary CTA + HeartFlow FFRcT

Reduce Overutilization of Invasive Testing?! Safe to defer ICA
by reducing false positives for patients with FFRcT >0.80

Low adverse clinical event rates in patients whose
Rate of Negative ICAs ICA was canceled based on the findings from an
FFRcT-guided strategy

100%
73% D : . g
. eferred patients had significantly lower CV
183% death & MI through 1 year* (n=1592)
50% w. (ADVANCE, JACC CV Imaging 2019)2
’ 0 * All deferred patients were event free through 1
12% year (n=117)
3
0% s (PLATFORM, JACC 2016)

* Deferred patients had an event rate not
different from patients with 0-30% stenoses

by CT through 2 years (n=410 deferred)
(Aarhus, JACC 2018)*

Usual Care FFRct Guided

NOTE: No Change in the revascularization rate!

73474022 v1

1. Douglas, et al. Eur Heart J 2015. | 2. Patel, et al. JACC CV Imaging 2019. | 3. Douglas, et al. JACC 2016. | 4. Ngrgaard, et al. JACC 2018.
*At 1 year, 3 of 1592 (0.19%) patients who had an FFRct >0.80 also had an MI. Zero of these 1592 patients experienced cardiovascular death.



A better cardiac testing pathway: Coronary CTA + HeartFlow FFRcT

Reduce Overutilization of Invasive Testing?!

by reducing false positives

ldentify Functional Disease Other Tests Miss?

by reducing false negatives

Rate of Negative ICAs

100% 100%
73%
5 +83%
>0% reduction 50%
129%
0% ]
Usual Care FFRct Guided 0%

NOTE: No Change in the revascularization rate!

Sensitivity vs Invasive FFR

(per vessel)

86%
+ ~2x

the sensitivity

45% 48%

of other tests

SPECT Stress Echo FFRcT

73474022 v1

1. Douglas, et al. Eur Heart J 2015. | 2. Ngrgaard, et al. Euro J Radiol 2015. Incl. Jung, et al. Euro Heart J 2008. Melikian, et al. JACC Cardiovasc Interv
2010. Koo, et al. JACC 2011. Min, et al. J Am Med Assoc 2012. Nergaard, et al. JACC 2014. Danad, et al. JAMA Cardiol 2017. Driessen, et al. JACC 2019.



1-Year Outcomes of FFR-Guided Care in
Patients With Suspected Coronary Disease
The PLATFORM Study

CENTRAL ILLUSTRATION FFRcr-Guided Care in Patients With Suspected CAD

Usual Care Cohort
Equal outcomes,

Obstructive CAD
QO I— and COSt wwwww Revascularization> www
between 2 Lo Bl Angiography (CA
w ww ww No Obstructive CAE) ww TT

St rategles at 1 Patients With Suspected CAD www

year
CTA/FFR_.-guided Cohort

Obstructive CAD
,n. ,ﬁ.,“"“.w Revaseulanzaiar lﬁllnl w
-
i CTA/EER Invasive Coronar
= Ber Angiography (ICA
o
w ww ww No Obstructive CAD
Patients With Suspected CAD
No Obstructive CAD 74022 vl

Douglas, P.S. et al. J Am Coll Cardiol. 2016;68(5):435-45.




THE PLATFORM TRIAL

Cost Savings Over Time

Costs Over 1 Year - _ _
Patients with Planned ICA Cost savings increase:
23% ($2,481) at 90 days 26% ($3,109) at 12 months

$12,000 $11,906 $12,145 .
| after accounting for $1,500 cost of the HeartFlow

: T Analysis.

£ $10,000 +p<0.0001 -

C 8,693 ,

0 $8.253 @8 153G,

s $8,000

$6,000
20 180 Days 270 360
Usual Care -@-FFRct

Utilization over 1 year

In patients referred for ICA Standard Care
(n=187) 514 283
FFRct strategy
(n=193) 162 111

73474022 v1

Hlatky, et al. JACC 2015 Douglas, et al. JACC 2016. _



FFRct information within hours

A standard cardiac CT scan is Our proprietary software uses
performed and the data is certified analysts and Al-driven
uploaded to HeartFlow. algorithms to develop a

personalized, digital 3D model
of the the coronary arteries.

Median turnaround time is <5 hours*

FFRcT values can be accessed
via computer, iPhone, iPad or
printable overview to assess,
vessel by vessel, if sufficient
blood flow is reaching the
heart.

*As of 31 December 2018. Data subject to change.

73474022 v1



Outpatie pathway



Intermediate Risk CP:office

Negative

v

Intermediate Risk CP: ER

Positive




Case Studies

Examples that have helped transform our group's approach to chest pain evaluation.

Participation in PROMISE and now PRECISE Trials

Quick turnaround of low risk ER chest pain: + Economic benefit of low ER dwell time

In line with Beaumont experience and ROMICAT studies

Low rate of False - studies

73474022 v1



Case Example - KB - Patient History and Overview

» 65 yo gentleman
» HTN, HL, +FH
» 3-4 months of exertional dyspnea

» Mild non-radiating CP lasting 30 seconds to 1 minute before resolving spontaneously

» Never has had any cardiac testing

» Calcium score: 740
> LM-11
> RCA- 411
> LAD- 216
> LCX- 102

73474022 v1



Case Example — KB — CT Image Review

LAD looks significant. LCX looks mild-moderate. RCA looks at least moderate

Vitrea®
Zoom:438%
Phase %075

W/L:1484/404

Curved

LCX

Vitrea®
Zoom:456%

 prrpi 73474022 vl
Curved

Next Steps? | nd




Case Example — KB — FFRCT Image Review

» FFRCT Image Review — Multivessel CAD

73474022 v1
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» After consultation with CV surgery and patient: Decision made to proceed with PCl




What about the RCA?: Does it affect the decision for CABG or not?

73474022 v1



RCA: Invasive physiology vs FFRct

" VOLCANO/I NI 20035200 | T
0:07 L]

Save Frame

| paten 1 FFR IFR

iFR measurement complete

FFRPIM @

73474022 v1




Consider an FFRcT grey zone

FIGURE 6 The "Aarhus"” FFR¢; Decision-Rule Algorithm

High risk anatomy’r

Coronary CTA*

Intermediate risk anatomyf

FFR

CT

<0.75

Low risk anatomy’r

A
0.76 - 0.80 > 0.80

3-months follow-up

/\

OMT \ OMT

+ Symptoms - Symptoms

Norgaard, et al. JACC Cardiovascular Imaging 2016.

Aarhus real-world FFRcT
experience:

OMT and 3-month follow-up
for 0.76-0.80 FFRcT values.

“In the event of FFRcT <0.75,
the probability of having
ischemia was high (92%). If
FFRcT ranged between 0.76-
0.80, ischemia was present in
only 55% of patients.’
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FFRc7 performs well with high calcium

Vessels
n = 333
Low-mid AS High AS
n = 250 n=—83
Coronary CTA Coronary CTA
Assessment* Assessment*
iFP. n=33 TP, n=18
TN, n =139 TN, n =28
EP n=73 EPn =33
FEN.n =5 FN.n=4
FERI0-87 8, FFR_, Assessmentt FFR_, Assessmentt
FFR 0.84 5 TP, n =30 TP, n=18
s A 4 TN, n =190 NS =51
Coronary CTA >70% LAD Stenosis FP, n = 22 FP,n=10
FN,n=8 FN,n=4

3-fold reduction in false positives by adding FFR-r to coronary CTA, even with high Agatson calcium score

Nargaard et. al., Influence of Coronary Calcification on the Diagnostic Performance of CT Angiography Derived FFR in Coronary Artery Disease, JACC: Cardiovascular Imaging, Volume 8, Issue

9, Pages 1045-1055
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Coronary CT Angiography in Patients a
With Non-ST-Segment Elevation
Acute Coronary Syndrome

Jesper J. Linde, MD, PuD,* Henning Kelbaek, MD, DmSc,” Thomas F. Hansen, MD, PuD,° Per E. Sigvardsen, MD,?
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Rolf Steffensen, MD,’ Birgit Jurlander, MD, PuD,’ Jawdat Abdulla, MD, PuD,? Stig Lyngbaek, MD, PuD,®
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Patients With Acute Coronary Syndrome
(n=1,023)

Coronary Computed Coronary Computed Coronary Computed
Tomography Angiography Tomography Angiography Tomography Angiography
Negative Nondiagnostic Positive
n =265 (26%) n =53 (5%) n =705 (69%)
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Invasive Coronary ' Invasive Coronary Invasive Coronary | Invasive Coronary
Angiography Angiography Angiography Angiography
Negative Positive Negative Positive

n = 241 (24%) n =24 (2%) n =92 (9%) n =666 (65%)
Negative Predictive Value 90.9% Positive Predictive Value 87.9%
(95% CI) (86.8-94.1) (95% CI) (85.3-90.9)
Sensitivity 96.5% Specificity 72.4%
(95% CI) (94.9-97.8) (95% CI) (67.2-77.1) 73474022 vi

Linde, J.J. et al. J Am Coll Cardiol. 2020;75(5):453-63.



Intermediate-Risk With No Known CAD

Acute Chest Pain
+

Y

Prior testing

Y

Y

Recent negative test*

Prior inconclusive
or mildly abnormal
stresstest <1y

'

Prior moderate-
severely abnormal <1y
(no interval coronary
angiography [ICA])

Consider INOCA
pathway as
an outpatient
for frequent
or persistent
symptoms

stress testing

(2a)

FFR-CT <0.8 or
moderate-severe ischemia

CCTA
(2a)
\4 \ 4
Nonobstructive CAD Inconclusive Obstructive CAD
(<50% stenosis) stenosis (250% stenosns)
FFR-CT# Decision to
OR treat medically
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{ YES { NO

'

Negative
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severe
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/ A
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Nonobstructive CAD
(<50% stenosis)
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treat medically
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Coronary Physiologic Assessment and Imaging

Validation Study of Image-Based Fractional Flow Reserve
During Coronary Angiography

Mariano Pellicano, MD; Ifat Lavi, PhD; Bernard De Bruyne, MD, PhD;
Hana Vaknin-Assa, MD; Abid Assali, MD; Orna Valtzer, DMD; Yonit Lotringer, MSc;
Giora Weisz, MD; Yaron Almagor, MD; Panagiotis Xaplanteris, MD, PhD;
Ajay J. Kirtane, MD, SM; Pablo Codner, MD;
Martin B. Leon, MD; Ran Kornowski, MD

Background—Fractional flow reserve (FFR), an index of the hemodynamic severity of coronary stenoses, is derived from
invasive measurements and requires a pressure-monitoring guidewire and hyperemic stimulus. Angiography-derived FFR
measurements (FFR . ) may have several advantages. The aim of this study is to assess the diagnostic performance and
interobserver reproducnblllty of FFR . in patients with stable coronary artery disease.

Methods and Results—FFngm isa comfautational method based on rapid flow analysis for the assessment of FFR. FFR .,
uses the patient’s hemodynamic data and routine angiograms to generate a complete 3-dimensional coronary tree with
color-coded FFR values at any epicardial location. Hyperemic flow ratio is derived from an automatic resistance-based
lumped model of the entire coronary tree. A total of 203 lesions were analyzed in 184 patients from 4 centers. Values
derived using FFR ., ranged from 0.5 to 0.97 (median 0.85) and correlated closely (Spearman p=0.90; P<0.001) with
the invasive FFR measurements, which ranged from 0.5 to 1 (median 0.84). In Bland—Altman analyses, the 95% limits
of agreement between these methods ranged from —0.096 to 0.112. Using an FFR cutoff value of 0.80, the sensitivity,
specificity, and diagnostic accuracy of FFR eio WETE 88%, 95%, and 93%, respectively. The intraclass coefficient between
2 blinded operators was 0.962 with a 95% conﬁdence interval from 0.950 to 0.971, P<0.001.

Conclusions—There is a high concordance between FFRMng and invasive FFR. The color-coded display of FFR values during
coronary angiography facilitates the integration of physiology and anatomy for decision making on revascularization in
patients with stable coronary artery disease.

Clinical Trial Registration—URL: https://www.clinicaltrials.gov. Unique identifier: NCT03005028.

(Circ Cardiovasc Interv. 2017;10:¢005259. DOI: 10.1161/CIRCINTERVENTIONS.116.005259.)

Key Words: angiography m catheterization m microcirculation m tomography m workflow

recommend using FFR to guide the treatment strategy in sta-

Fractional flow reserve (FFR) is a physiological index that
ble coronary lesions.'>"

quantifies the hemodynamic impact of epicardial athero-
sclerotic stenoses. It is defined as the ratio of hyperemic myo-
cardial flow in the presence of stenosis, to the hyperemic flow

See Editorial by Morris and Gunn

in its absence, and is obtained by measuring the ratio of distal
coronary pressure and the aortic pressure, respectively, using
pressure-measuring guidewires during maximal hyperemia.'~
FFR is considered the standard of reference for clinical deci-
sion making, particularly of angiographically indeterminate
coronary lesions. Clinical outcome studies have shown that
for nonsignificant lesions (FFR >0.80), medical therapy
should be preferred, whereas in cases of significant stenoses
(FFR <0.80), coronary revascularization should be consid-
ered.*!" Accordingly, both the US and European guidelines

Nevertheless, for a variety of practical reasons, FFR mea-
surements remain underused. Therefore, the ability to derive
FFR values from routinely performed coronary angiograms,
without the need for a pressure guidewire or hyperemic stimu-
lus, could have an important impact on daily clinical practice by
streamlining the workflow within the catheterization laboratory
and avoiding the need for invasive coronary measurements.'*'°

Several image-based FFR methodologies have recently
been introduced. Computational fluid dynamics (CFD) simu-
lation applied to cardiac computed tomographic images and

Received March 13, 2017; accepted July 17, 2017.
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0.V, P.C., R.K.); Department of Advanced Biomedical Sciences, Federico II University of Naples, Italy (M.P.); CathWorks Ltd, Ra’anana, Israel (I.L.,
0.V., Y.L.); Columbia University Medical Center, New York-Presbyterian Hospital (A.J.K., P.C., M.B.L.); and Shaare Zedek Medical Center, Jerusalem,
Israel (G.W., Y.A.).
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Accuracy of Fractional Flow Reserve
Derived From Coronary Angiography

Editorial, see p 485

BACKGROUND: Measuring fractional flow reserve (FFR) with a pressure wire
remains underutilized because of the invasiveness of guide wire placement
or the need for a hyperemic stimulus. FFR derived from routine coronary
angiography (FFR_ ) eliminates both of these requirements and displays

FFR values of the entire coronary tree. The FFR_ - Accuracy versus Standard
FFR (FAST-FFR) study is a prospective, multicenter, international trial with the
primary goal of determining the accuracy of FFR

angio”

METHODS: Coronary angiography was performed in a routine fashion in
patients with suspected coronary artery disease. FFR was measured in vessels
with coronary lesions of varying severity using a coronary pressure wire and
hyperemic stimulus. Based on angiograms of the respective arteries acquired
in >2 different projections, on-site operators blinded to FFR then calculated
FFR, 4o USINg proprietary software. Coprimary end points were the sensitivity
and specn‘loty of the dichotomously scored FFR, — for predicting pressure
wire—derived FFR using a cutoff value of 0.80. The study was powered to
meet prespecified performance goals for sensitivity and specificity.

RESULTS: Ten centers in the United States, Europe, and Israel enrolled a
total of 301 subjects and 319 vessels meeting inclusion/exclusion criteria

William F. Fearon, MD

Stephan Achenbach, MD,
PhD

Thomas Engstrom, MD,
PhD

Abid Assali, MD

Richard Shlofmitz, MD

Allen Jeremias, MD

Stephane Fournier, MD
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Ran Kornowski, MD

Gabriel Greenberg, MD

Rami Jubeh, MD

Daniel M. Kolansky, MD

Thomas McAndrew, PhD

Ovidiu Dressler, MD

Akiko Maehara, MD

Mitsuaki Matsumura, BS

Martin B. Leon, MD

Bernard De Bruyne, MD,
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For the FAST-FFR Study
Investigators

which were included in the final analysis. The mean FFR was 0.81 and
43% of vessels had an FFR<0.80. The per-vessel sensitivity and specificity
were 94% (95% Cl, 88% to 97 %) and 91% (86% to 95%), respectively,
both of which exceeded the prespecified performance goals. The
diagnostic accuracy of FFR_ . was 92% overall and remained high when
only considering FFR values i:)etween 0.75 t0 0.85 (87%). FFRanglo values
correlated well with FFR measurements (r=0.80, P<0.001) and the Bland-
Altman 95% confidence limits were between —0.14 and 0.12. The device
success rate for FFR__ was 99%.

angio

CONCLUSIONS: FFR_ . measured from the coronary angiogram alone has a

angio

high sensitivity, specn‘loty, and accuracy compared with pressure wire—derived
FFR. FFR, 5o has the promise to substantially increase physiological coronary

lesion assessment in the catheterization laboratory, thereby potentially
leading to improved patient outcomes.

CLINICAL TRIAL REGISTRATION: URL: https://Awww.clinicaltrials.gov. Unique
Identifier: NCT03226262.

Circulation. 2019;139:477-484. DOI: 10.1161/CIRCULATIONAHA.118.037350

Key Words: coronary artery disease
m coronary circulation ® fractional flow
reserve, myocardial

Sources of Funding, see page 483
© 2018 American Heart Association, Inc.
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Segmented vessel

Ri,Vi =~ Riy1,Vigr  RigaVig

, 1
Poiseuille friction ‘ Xpansion §RN

Darcy-Weisbach losses =

resistance >

Pressure drop across the vessel length

L and r are measured directly from the angiogram

Q is a model parameter determined by the outlet
conditions of the vascular system derived from aortic

pressure
73474022 v1
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3D Reconstruction

Coronary tree is reconstructed from at least 2 orthogonal projections (usually 30 degrees
or more) using centerline tracing and cross section analysis.
Geometry of vessel is created and vessel is broken down into nodes.

73474022 v1
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#  Philips Angio iFR

ANGIO IFR REVIEW Angio IFR Distal

0.78

RAO O - CRAN 45 Image 32/79

# EditAngio IFR '

Angio-iFR medical software. The image is preliminary, which may be changed in the commercial version. 73474022 V1
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Example

FFRangio

RAO: 8.1 | CRAN: YV O

LAD: 298 | CRAN: 245

Equalization

Resting FFR

Hyperemia

73474022 v1
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Correlation between FFR and FFRangio ROC 94%
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Case Example and Correlation between FFR and FFRangio

r=0.92; | p < 0.00017; - mean difference -0.0003; standard deviation 0.04;
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Currently available angio-based physiology systems

Angio-iFR QFR FFRangio vFFR caFFR
Company Philips Pulse Medical Medis/Pulse CathWorks Pie Medical RainMed
Medical
Estimated iFR and FFR FFR FFR FFR FFR
reference
Required angio 1 projection 1 projection 2 projections 25 >2 projections 30 2 projections 2 projections 30
projections degrees apart degrees apart degrees apart
Required pressure  No No No Need Need
data
Side branches Incorporated Incorporated Not incorporated  Incorporated Not incorporated ~ Not incorporated
Studies ReVEAL iFR Tu S, etal. FAVOR pilot FAST-FFR FAST FLASH-FFR
FAVOR Il China
FAVOR Il EJ WiFi
Il FAVOR 1l
C-statistics for NA 0.920.96 0.94 0.93 0.979
predicting
FFR<0.8
Time to NA (expected to 67422 seconds 4.36£2.55min *2.7 min NA 4.54+1.48 min

computation

be very short time)

FFR: fractional flow reserve; iFR: instantaneous wave-free ratio; QFR: quantitative flow ratio.
*Time for manual correction and lesion identification were not included.
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OBL/ASC: Cath patient

Hospital

Advantages:

-No anticoagulation required for
diagnosis

-No wire needed for diagnosis
-No hyperemic agents

Negative

Positive
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Summary

» CCTA has Guideline backing and payors are following: It is here to stay

» Noninvasive coronary physiology and FFRangio are disruptive

» Correlation of FFRct and FFRangio to invasive FFR is impressive: more data to come
» Diagnostic angiography is at risk, NOT revascularization

» Could lead to major improvements in work efficiency

» Could lead to significant cost-savings over the mid- to long-term

» Will make us better cardiologists
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