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The Challenge in Cardiology Practice



Patient Case - Mrs. M
« 58 years old with DM

* Lives independently
— Shops, Cleans, works in bank

- Seen by PCP
— Occasional Chest “ache” with walking at grocery store
— Cramping in calves

« Referred to Duke Cardiology / Vascular Clinic for evaluation



Case 1

- A58 year old woman referred to your office. The discomfort is
characterized as:

« 3-4 out of ten in severity
* Described as sharp, with some mild pressure

* Nonpleuritic, localized under the left breast with some radiation to the
shoulder.

« Has occurred with some housework but also occasionally at rest. Last
episode while watching TV.

« When occurs with activity - relieves with rest



What would you do?

* How do you determine risk and identify disease?
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Figure 11. Pretest Probabilities of
Obstructive CAD in Symptomatic
Patients According to Age, Sex,
and Symptoms.

Colors correspond to
the Class of
Recommendation in
Table 1.

CAC indicates coronary artery
calcium; and CAD, coronary
artery disease.

Pretest Probabilities of Obstructive CAD in Symptomatic Patients.
(A) according to age, sex, and symptoms;
(B) according to age, sex, symptoms, and CAC
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Chest Pain Dyspnea

A  Pretest probability based on age,
sex, and symptoms

B Pretest probability based on age,
sex, symptoms, and CAC score*

CAC CAC CAC
1-99 2100-999 21,000

The Pretest Probability shown is for patients with anginal symptoms.
Patients with lower risk symptoms would be expected to have lower PTP

2. The darker green and orange shaded regions denote the groups in which

non-invasive testing is most beneficial

(pre-test probability >15%). The light green shaded regions denote the
groups with pre-test probability of CAD <15% in which the testing for
diagnosis may be considered based on clinical judgement

3. If CAC available, can use to estimate pretest probability based on CAC

Score

Adapted and modified from Juarez-Orozc ESC 201920, 1198-1207
+Winther, S. et al. J Am Coll Cardiol. 2020;76(21):2421-32.




Question # 1

* |n patients with intermediate pre-test
probability of coronary artery disease -
what cardiovascular test should be
done to diagnose and risk stratify for
coronary artery disease?



How do we perform — predicting obstructive coronary disease? @

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Low Diagnostic Yield of Elective
Coronary Angiography

Manesh R. Patel, M.D., Eric D. Peterson, M.D., M.P.H., David Dai, M.S.,
J. Matthew Brennan, M.D., Rita F. Redberg, M.D., H. Vernon Anderson, M.D.,
Ralph G. Brindis, M.D., and Pamela S. Douglas, M.D.

» 38% Stenoses 250% LM or = 70%
epicardial
* 41% by any = 50%

 39% had all stenoses <20%

1,989,779 ACC-NCDR patients at 663 sites
underwent cardiac catheterization

841,374 Were excluded
521,222 Had prior Ml
205,431 Underwent PCI

92,450 Underwent CABG

11,691 Underwent cardiac
transplantation

10,580 Underwent valve

surgery

/

1,148,405 Patients at 663 sites

519,080 Were excluded
510,801 Had emergency indi-
cations (AMI and
ACS)
8279 Had cardiac shock

/

629,325 Patients at 663 sites

231,371 Were excluded owing
to other indications for
diagnostic catheterization

/

Rate of Obstructive CAD
60.3% -
51.7% -
36.2% -
37.6% -
Obstructive CAD

(N=149,739)

397,954 Patients at 663 sites




| Value of pre-angiography information

Predicting Obstructive CAD: Model Performance

A Ove

C-Statistic
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Framing Score Model1+Clinical Model2+Sx. Model3+Stress Test
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ACC-NCDR Study - Conclusions

 Current risk stratification including non-invasive testing used to

Inform decisions to perform angiography to identify obstructive
CAD need significant improvement

“Current System is broken”
— Did not say we are doing too many heart catheterizations
— Most efficient way may be more angiography (either non-
Invasive or invasive)

|deally want an accurate anatomic and functional evaluation
— Cath + FFR
— Heartflow — CTA



High rate of
false positives

55% of patients sent for an elective
ICA following a non-invasive test

. .. have no obstructive CAD?
No lesion-specific

Information provided
High rate of
false negatives

20-30% of patients will
have a false negative

.l’"”J result for obstructive
““‘*Jﬁl.i/‘“ CAD from a non-invasive
RE =
: test?
Treadmill

1. Patel, etal. 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.
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on-invasive cardiac testing

Cardiac tests should help
clinicians determine the right
pathway for each patient.

Further Assessment,
—> Intervention, or
surgery

Medical |deally would like to

éx
v-

Suspected CAD

Therapy know targeted
medical therapy

Important to identify

No CAD )
no atherosclerosis

A finding of No CAD does not diminish the role of
initiating or continuing primary prevention
efforts
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Question # 1

* |n patients with intermediate pre-test probability of
coronary artery disease - what cardiovascular test

should be done to diagnose and risk stratify for
coronary artery disease?



What is the classic teaching of ischemia and testing @

Variable for DF pre-test risk
consideration:

Age, Sex, and How Typical Anginal
Symptoms are

Ischemic Cascade:

Reduced perfusion leading to
metabolic abnormalities leading to
diastolic then systolic dysfunction

Ische
casc

systolic —»
dysfunction

diastolic -»
dysfunction

ischemia

dyspnea—»
ECG —»

ade

symptoms

pain relief
ECG normal

systolic
recovery
starts

stunning

full
recovery




Moving the paradigm — can we image with earlier disease

Angina
pectoris

Ischemic
ECG
changes

systolic
dysfunction

diastolic
dysfunction

Perfusion
Abnormality

Myocardial oxygen demand
Coronary blood flow

000

Decrease in coronary blood flow

Normal
Function




A earlier pathway starts with coronary CTA

Coronary CTA offers CAD visualization to inform treatment decisions

No identifiable Minimal disease; Disease with unknown Complex high
anatomic disease possible OMT functional impact disease burden

17



Diagnostic Performance of CCTA
Four (4) Prospective Multicenter Studies

Sensitivity Specificity PPV NPV
ACCURACY 94 33 48 99
N=230, Stable Chest Pain; No known CAD; No exclusion criteria; CAD prevalence 13%
Europe 99 64 85 97
N=360, Acute and Stable Chest Pain; No known CAD; CAD prevalence 68%
MEDIC 95 91 /1 99
N=415 (83), No known CAD; 20-80% pretest LK of CAD
CorEo64 85 90 91 33
N=291, Stable Chest Pain; Known / No Known CAD; Exclude CACS >600; CAD prevalence 56%

Source: Budoff et al. J Am Coll Cardiol 2008; Miller et al. N Eng J Med 2008; Meijboom et al. J Am Coll Cardiol 2009



pfemise) PROMISE Trial Design

Symptoms suspicious for significant CAD
requiring non-emergent noninvasive testing

1:1 Randomization — 10,000 patients

Stratified by site; intended functional test

Anatomic strategy

Functional strategy

64+ slice Exercise ECG or Pharmacologic
CTA exercise imaging stress imaging

L

L

L

guidelines

Tests site read; Results immediately available;
Subsequent testing/management by site care team, per

v

Minimum follow-up 12 months

NHLBI funded



Baseline Characteristics

CTA

Demographics

Age — mean *= SD, yrs

(N=4996)

Functional
(n=5007)

probability CAD

mean %

Female sex — % 53
Non-white race 15
Hypertension — % 65 65
Diabetes — % 21 22
Risk factors Dyslipidemia — % 67 68
(I;Oamlly hx premature CAD — 33 32
Current or past smoking — % 51 51
1°symptom Chest pain or DOE — % 88
Anginal type Typical or atypical — % “ 89
Pretest Diamond—Forrester/CASS — 53 2




Secondary Endpoint:
Catheterization Without Obstructive CAD <90 days

CTA P
(n=4996)

Invasive catheterization

without obstructive CAD — N (%) S ) =8 65

: L 609 0
Invasive catheterization (12.2%) 406 (8.1%)

439

With obstructive CAD (% of caths) (72.1%)

193 (47.5%)

Revascularization 311 (6.2%) | 158 (3.2%)

CABG /2 38

pGmise)



pﬁg‘miga‘ Secondary Endpoint:
Death or Non-fatal Ml

15
7
6 12 Months CTA : Functional
2 ° HR 0.66; p=0.049 Hazard Ratio: 0.88
| 3 (95% CI: 0.67, 1.15)
>
> o 2 P-value: 0.348
o 1
= 0
E 0 3 6 9 12
S 6
(&
| .
[«}]
o
3
0
0 6 12 18 24 30 36 42
Months since randomization
#atrisk Baseline (0) 6 Mo. 12 Mo. 18 Mo. 24 Mo. 30 Mo. 36 Mo. 42 Mo.

CTA 4996 4739 4409 3599 2686 1732 918 276



Computed Tomography Coronary Angiography in
Patients with Suspected Angina due to
Coronary Heart Disease

David Newby

""""



CTCA and Clinical Outcome: 1.7 Years of Follow-up

CHD Death and Non-Fatal Ml CHD Death, Non-Fatal Mi
and Non-fatal Stroke

5 _ 5 _
o HR 0.62 [0.38-1.01], P=0.053 [ HR 0.64 [0.41-1.01], P=0.056
E -~ 4 _ - ? 4 —
IR IS
© = g = Standard Care
25 3- Standard Care w O 3 -
o > o >
c @ c ?
S5 2- S5 2-
S < ) = CTCA
2= 1 CTCA g— = 14
o o

0 - 0 _
CTCA 2073 1571 853 323 CTCA 2073 1569 851 321
Standard Care 2073 1550 837 316 Standard Care 2073 1547 835 315

| | | |
0 1 5 3 0 1 2 3
Follow Up Follow Up

(years) (years)



S Anatomic compared to standard of Care

Improved Long-term Lower Radiation than SPECT:
Outcomes: Coronary CTA + Coronary CTA
o c Standard Care (PROTECTION VI?)
..'C.; 9 0.05 30
5 8
g S Standard Care Alone
v © 0.04 o
G — o
< - —~
gz - 35
a ; CCTA + Standard Care 2 £
-~ U +
5o o v= 10.4
= E 10
> O 41% lower death 5.1
© ® & Ml rate at 5
8 g 0.00 years 0
o = 0 1 2 3 4 5
© Follow up Coronary CTA? SPECT?
(years)
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. 25



Anatomic Imaging — might lead to more OMT

Frequency (%)

100

75

50

25

The right patient gets the right treatment: Statin therapy use

(SCOT-HEART)

. Standard Care Alone 100
. CTCA + Standard Care

g 75

>

(@)

o 50

.

O

Q

L

0 1 2 3 4 5

Follow up (years)

*P<0.0001

25

Coronary Artery Disease on CTCA

Pl

No Coronary Artery Disease on CTCA

5

10 20 30
10-Year Cardiovascular Risk (ASSIGN SCORE)

Newby, et al. N Engl J Med 2018.
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Back to my Patient: Women with Ischemic Heart Disease

Journal of the American College of Cardiology
Volume 54, Issue 17, October 2009
DOI: 10.1016/j.jacc.2009.04.098

Autoimmune i Symptomatic STATE-OF-THE-ART PAPER
diseases i manifestations
: Women and Ischemic Heart Disease
: Evolving Knowledge
5 Abnormal coronary reactivity Leslee J. Shaw, Raffaelle Bugiardini and C. Noel Bairey Merz
l : microvascular dysfunction,
) : endothelial dysfunction,
Hypertension ' metabolic changes, decreased perfusion
Estradiol |—3% Obesity — '"ﬂa"};-‘,‘amw —4 Many years of vascular
milieu . .
Hyperlipidemia Positive coronary remodeling disease in the vessel
increased wall thickness, plaque erosion,
l distal embolization Wa” th at we are nOt

evaluating and treating

* post-menopause
* hypoestrogenemia
* PCOS

e visceral obesity

Normal artery & Normal artery & Subclinical Obstructive
vascular function abnormal athersclerosis CAD
microvascular
vascular function

Pre-clinical » (Clinical

Progressive manifestations of ischemic heart disease



Imaging in Coronary Artery Disease —
Hope of Combining Anatomy and Function

Anatomical Anatomical Functional
Testing and Functional Testing
FFRct Treadmill ECG Stress Echo

Coronary CT Angiography

+ 1
& r_,.*xr_l,_ 1

Stress MR




FFR.1: Intermediate Stenosis

FFR0.74

/ FFR¢; 0.71
31-49% stenosis 50-69% stenosis
CT Core Lab QCA Core Lab
FFR 0.74 FFR.; 0.71
= Lesion-specific ischemia = Lesion-specific ischemia

Source: Min et al. JAMA 2012 *DeFACTO




FFR can now be derived from CT

3D FFR-; map computed

From typical CCTA
No radiation
No A image protocols

=~ w bbb =

No medications

FFR.;= 0.72

(can select any point on model)



HeartFlow FER+ Clinical Trial Data is Substantial

.  DISCOVER-FLOW 3 major trials directly
:; Nonir'lv:s'i\;e Fractlo:;I;I::v;eserveycso'l:l:)‘:;:: Comp|eted 20 11 com pa” ng FFRCT to FFR

From C y C d T hic Angiograms - -
Results From the Prospective Multicenter DISCOVER-FLOW I n l I I O re t h an 600 p a,tl e n tS
(Diagnosis of Ischemia-Causing Stenoses Obtained Via M
Noninvasive Fractional Flow Rescrve) Study —_ N = 103 patle ntS

-Hyu Dob, 3 E

PD,* Andrejs Erglis, MD, Pubt Jo
D,

Sar

e

Jegere, MDJ Hyo-Soo Kis
Lansky, MD,

Jonathan Leipsiq

NAL CONTRIBUTION

S s i e o « DeFACTO
ey ;i:;;ostic Accuracy of Fractional Flow — Com p leted 2012
Wt ;";{’:‘,:g,”;::;.;:x Reserve From Anatomic CT Angiography _ N - 2 5 2 p at| e ntS

dained 25 3 CCTA wih stanosis =50%. Diagrastic pecdormy
with imvasive FFR 28 the

Results Fiyisposcentof patarts ad 1 vl whth FFR <080, 0 3|

FiR., 30 wore 58.5%, S1.4%, T26%, 46.5% 88.9% wspectre]
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Trial (Analysis of Coronary Blood Flow -

s i — N=254 patients
Bjame L. Noggaard, MD, PuD," Jonathon Leipsic, MD, PxD, | Sara Gaus, MD,*

Sujith Seneviratne, MBBS, | Bran S. Ko, MBBS, Pub,| Hiroshi Ito, MD, PuD)/ - -
Jesper M. Jensen, MDD, PuD," Laura Maun, MD, PuD, | Bemard De Bruyne, MD, Pub,§
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Diagnostic performance of non-invasive imaging vs. FFR

100% :

O FR

Gold Standard

90%

80%

@ XTFFRy

‘ Stress Echo
70% -H Jung, EHJ 2008

‘ cCTA
Min, JAMA 2012

Koo, JACC 2011

Meijboom, JACC 2008

60% il Norgaard 2013
‘ SPECT
Melikian, JACC CV Interventions 2010

‘ Invasive Angiography

Park, JACC CV Interventions 2012

50% -H Meijboom, JACC 2008 o
‘ IVUS
Waksman, JACC 2013

Specificity

. cCTATAG
40% ] Yoon, JACC Imaging, 2012

FFR¢r
Norgaard 2013

30% T T T T T T 1
30% 40% 50% 60% 70% 80% 90% 100%

Sensitivity




PLATFORM — FFR-CT into Clinical Practice

@ European Heart joumal FASTTRACK
susorean 010,109 Veurhearti/atvddd ESC Hot Line
LANTADGY

Clinical outcomes of fractional flow reserve by
computed tomographic angiography-guided
diagnostic strategies vs. usual care in patients
with suspected coronary artery disease: the
prospective longitudinal trial of FFRct: outcome
and resource impacts study

Pamela S. Douglas'*, Gianluca Pontone?, Mark A. Hlatky?, Manesh R. Patel!,
Bjarne L. Norgaard4, Robert A. Byrne3, Nick Curzen®, lan Purcell’,

Matthias Gutberlet®, Gilles Rioufol?, Ulrich Hink %, Herwig Walter Schuchlenzf,
Gudrun Feuchtner?, Martine Gilard'?, Daniele Andreini?, Jesper M. Jensen?,
Martin Hadamitzky>, Karen Chiswell!, Derek Cyr!, Alan Wilk'¥, Furong Wang4,
Campbell Rogers'4, and Bernard De Bruyne!5, On Behalf of the PLATFORM
Investigators’

'Dukce Qirical Research r:u.u::..)Jc Univessity Scha ol of Meddine, TOZ2 North Padlion DURMC, PO Bax 17959, Durbham, NC 27715, USA Canzro Crdidogico Morina, RCCS
UriverdzyofMan, M, iy .)(p-if“‘\e'f of Headth PesearchandPalicy, Sanbrd Uriversiy Schod of Meddee Saindord, CA, USA; “Departmnt of Cardology, Aartes Univerdty
Hopiml Aarhus <).qb'y Dannark; Dewsmches Herzzertrum Minchen, Techeische Uriversiziz Minchen, Murich, Germarry, “Uriversy Hospiml Sosharpaon N-85 Trox,
Sowhampaon, UK; TFreemon Hospiml Newazle upon Tyre, UK “Unversiy of Lapaig Heat Conme Leipay, Garmary; Hopics GuLsde Lyonand CASMEN INSERM 140, Lyon
frace "Deapartment of Crdiology, joharnes Gueabag Univerdty Hosptd, Mirg, Germarny; ''ICH Grie Weest Graz, Avaria; ' Dcpa*vnrr of Radology, lersheude Medcd
Uriverdzy, lersbeuck, Ay "‘Dq:wwr.o. Crddogy, Cavde Sardhe Hospnd, Srest, France “Heartfiow, Redwood Cry, CA USA ard “Cardovisotar Centre Adst Adst

Belgm

do

11 10.1093/eurheartj/ehv444
eurheartj.oxfordjournals.org



.~ Primary Endpoint U
Invasive Catheterization w/o Obstructive CAD

Planned NI Test Planned ICA




ADVANCE Registry: O aoyance
Clear clinical impacts of FFRcrt in real-world use

The 1-year outcomes of the ADVANCE Registry confirmed the HeartFlow Analysis helps physicians precisely stratify their
patients and deliver more personalized care

Cardiovascular death or Ml

Management Plan Management Plan
n=4737 Post Coronary CTA Post HeartFlow Analysis
0.8 n More Information More Information
. Needed Needed

= . n=2,386 , n=121
S —
o 0.6
"(—U’ ...........
o ;
= i =0.01
So04d - p=0.0
i FFReT 0.80._

0.2 f Ad

— ] = - | Revascularization
, cr=>0. =
0.0 -+ : : : | | n=943
0 60 120 180 240 300 360
Time (days)
) I ' , ; , Actionable Information: 2 out of 3 patient management plans were altered
Risk Identification: Patients with a negative HeartFlow Analysis

(FFRcT >0.80) ignificantly less likely t ' M| after physicians had access to the information from a HeartFlow Analysis.
c1 >0.80) were significantly less likely to experience Ml or

cardiovascular-related death than those with a positive

Efficiency: 72.3% of patients with a positive HeartFlow Analysis (FFRct <0.80)
HeartFlow Analysis (FFRcT <0.80).

who were sent for ICA underwent revascularization. 73474022 v1

Fairbairn, et al. Euro Heart J 2018. Patel, et al. JACC CV Imaging 2019. 5083 patients enrolled across 38 sites in the EU, Japan, and North 35
America.



Event Rate (%)

ADVANCE 1 year: O aovance
Revascularization as a function of FFRct and anatomic stenosis

Durable Impact: Independent of the extent of CAD shown on the CCTA, when FFRcT values are > 0.80 providers overwhelmingly
opt for a non-invasive approach, and that decision is durable (i.e. initial deferral of invasive management is highly unlikely to result
in later return for revascularization). In these patients, cardiovascular outcomes are extremely good over time.

4+ 50 -
e P EL L b A
- " FFRcT<0.80 40 - T
- " CCTA >50% / FFRcT <0.80
Jl' O\o J
/ p<.0001 g 304

204 ¢ &

lll QC) 20 7 f

i >

; -
104 /

i ERo > 0.80 v 10 - CCTA250% / FFRcT >0.80
0 1 P

180 240 300 360 0 60 120 180 240 300 360

Time (days) Time (days)

0 60 120

73474022 v1
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Clinical Outcomes through 1 Year:
Stratified by FFRcT (n=4737)

1-Year MACE 1-Year Death + Ml 1-Year CV Death + Ml

- 100,005 100.00%
o 9.50% 99.50%
95.00% 99.00% 99.00%
98.50% 98.50% 98.50%
98.00% I I 98.00% 38.00%
97.50% 97.50% 97.50%
MO S . SR A . . . R QRO S R .
o o o o o o Q O o o 0 i) & o O o o &
b .-":L\r n‘?} p‘_:\ ('nk‘ d - ".\' AQ q_;\' 1)_::‘ / n.\, ﬂk‘ ;-[;r r;:"{.‘
N o o o N o o7 ¥ o' o © 0

A

Distribution of event-free survival by categorical FFRct values for: (A)
MACE, (B) Death and MI, (C) Cardiovascular death and MI.

Patel, M JACC imaging March.
2019

@ ADVANCE



Anatomy & Function: Frequent real-world discordance

28% of CT stenosis >70% 20% of ICA stenosis >70%
are FFRct negativel! are FFR negative?

>90
r LB N | 4 o
\_ 8 N B N |
14
1thru 29 I 0.0
' 50 - 70% 71 - 90% 91 -100%
0% 20% 40% 60% 80% 100% Stenosis classification by angiography
FFRcT > B FFRcr<0.80
0.80

1. ADVANCE 1000 Patient Analysis, Kitabata, et al. ACC 2017. | 2. FAME, Tonino, et al. JACC 2010; 55:2816-21. 38



Where are we going to get more precise?



Prediction of Risk promise)

28%
Predicted Probability of No Risk

69 < The likelihood of being '"No Risk' [a normal diagnostic test and no clinical events (Death, Ml, or Hospitalization due to Unstable
Angina) within 25 months] in a patient with the reported constellation of risk factors is: 28%

Age [enter value between 45 and 92]

Sex
Male What type of non-invasive test
© Female are you considering for your
patient?
Racial/Ethnic Minority © CCTA
° No Functional Stress Test

Yes View Event Rate Results from Selected Test

Ever Smoked Tobacco
Test Results:

© Never
£ Normal (No CAD):
ver
19.0%
Diabetes Abnormal (CAD present):
© No 81.0%
Yes Severely Abnormal (2 or more vessel disease (>=70%) or >=50% in left main stenosis or >=70% proximal LAD stenosis):
8.4%
Dyslipidemia
D Clinical Outcomes:
© Yes

Cardiovascular Death/MiI:

Family History of Premature CAD 1.3%

No
© Yes



PRECISE Trial Design

Non-acute CP or equiv patients; No history of CAD or CAD testing <1 year
Recommended for non-emergent NI test or ICA: N=2100

Randomization stratified by preferred first test
if usual care and PROMISE risk score.

A
| - }

Usual care evaluation Precision evaluation
Strategy selected by Strategy assigned
site clinician by PROMISE risk strata
l |
v v

Guideline rec medical
managementwo — -
planned testing

Functional testing OR
Direct to cath

Composite Primary Endpoint: Effective CP Evaluation at 12 months
MACE (death/Ml), Cath w/o obs CAD (stenosis>50%, FFR<0.80, iFR<0.89)
Secondary Endpoints
Hierarchical analysis of primary endpoint; Resource use; QOL; Death/MI/CV hospitalizations;
Preventive med use; Primary at 24 mo; Radiation; Cath efficiency; Co-Primary endpoints of DECISION




New Ways of Caring for a Patient

Pre-procedure
planning







Coronary CTA answers the clinically relevant questions

1. Does my patient have coronary artery disease?

No identifiable
anatomic disease

|dentifiable disease |dentifiable disease |dentifiable disease
73474022 v1
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Coronary CTA answers the clinically relevant questions

2. How severeis my patient’s disease?

Minimal disease, Disease with unknown Complex, high

possible OMT functional impact disease burden
13474022 v1
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Coronary CTA answers the clinically relevant questions

3. Whatcan be done to treat my patient’s disease?

Minimal disease, Inform clinical decisions that
possible OMT may involve ICA, PCl, and CABG 734740221
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Coronary Heart Disease Death or

Fvidence supports coronary CTA as a primary test for suspected CAD

1. Significantly better long-term outcomes than usual care testing

/. Better negative predictive value confirming it is safe to send patients home

3. Lower radiation than other non-invasive tests

Better outcomes in
multi-center RCT
w/5-year follow up?

100% -+

Standard Care Alone

Survival Probability

CCTA + Standard Care

Nonfatal Myocardial Infarction

Follow up (years)

98% A

96% -

94% -

92% +

90% -

predictive value through
10-year follow up?

0: No

2: Obstructive CAD / CADRADS 23

Better negative Major reductions in

rmal /

CADRADS O

radiation over 10 years of
experience worldwide?

3000 —
pD.001

885
(560-1239)

2000 — |:| 2007@DoseBurvey

[] 2017@DoseBurvey
1000 — 105
(110-338)

']

Dose-Length-Product,EmGy *&Em

Years 73474022 v1

1. Newby, et al. N Engl J Med 2018. | 2. Finck, et al. JACC: Cardiovascular Imaging 2018. | 3. Stocker, et al. Euro Heart J 2018.
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Fvidence supports coronary CTA as a primary test for suspected CAD

1. Significantly better long-term outcomes than usual care testing

2.
&
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41% lower death & Ml rate in
CCTA group than in standard
care group at 5 years
(SCOT-HEART, NEJM 2018)

Standard Care Alone

CCTA + Standard Care

Follow up (years) 734740221

Newby, et al. N Engl J Med 2018. 48



Survival Probability

Fvidence supports coronary CTA as a primary test for suspected CAD

1.
/. Better negative predictive value confirming it is safe to send patients home

&

100% 1
———0
98% 4
“Warranty Period” of a
96% 1  normal CCTA>8years
2
94% -
O: Normal / CADRADS O
920/0 -1
2: Obstructive CAD / CADRADS 23
90% -
0 2 4 6 8 10
e CADRADSO ~ CADRADS1-2  CADRADS3  CADRADS =3

73474022 v1

Finck, et al. JACC: Cardiovascular Imaging 2018. 49



Fvidence supports coronary CTA as a primary test for suspected CAD

1.
g*
3. Lower radiation than other non-invasive tests

| ower radiation Cardiac CT Nuclear (SPECT and PET)

16.0
P 78% reduction in the past 10 years
. 12.0 mSv
> 120
(%]
P ~50% lower than an average SPECT £ 10.4 msv
£ 100
[0}
wv
° o 80
Median dose of 2.7 mSv S
. v 5.9 mSv
2 60
= 5.1 mSv
QL
o 40 3.0msv
2.0
0.0
PROTECTION | ACIC Registry UK National Dose ~ PROTECTION VI INCAPS Registry IAC Data Repository ~ PET Prognosis
Survey Registry
2007 2014 2017 SPECT
——
Abbreviations: PROTECTION: Prospective Multicenter Registry on RadiaTion Dose Estimates of Cardiac CT AnglOgraphy IN Daily Practice, ACIC: Advanced Cardiovascular Imaging
Consortium, INCAPS: International Atomic Energy Agency-sponsored Nuclear Cardiology Protocols Cross-Sectional Study, IAC: Intersocietal Accreditation Commission

Figure 1 Worldwide radiation dose practices from contemporary multicenter registries of CT and nuclear imaging in the evaluation of coronary
artery disease.

73474022 v1

Stocker, et al. Euro Heart J 2018. 50
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Figure 1. Take-Home Messages for the Evaluation and
Diagnosis of Chest Pai
Chest Pain High-Sensitivity Early Care Share Testing Pathways Accompanying Identify Noncardiac Structured
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Than Pain in the Preferred Symptoms Needed in Low- Pathways Present With Benefit From Should Be Used
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6 - Figure 5. Chest Pain and Cardiac Testing
Considerations.

Acute Chest Pain .
Evaluation _ Risk of
ED evalustion Major CAD Events
Per ACC AHA guideline
T Stable Chest Pain
E ) Evaluation
i Invasive coronary Outpatient evaluation
angiography
Anatomic or
functional testing
Anatomic or
functional testing
Defer testing -
optional
(e.g., ECG or
Low risk » e >

Testing

No
testing

The choice of imaging depends on the clinical question of importance, to either a) ascertain the diagnosis of CAD and define coronary anatomy or b) assess ischemia severity among patients with an expected higher likelihood of
ischemia with an abnormal resting ECG or those incapable of performing maximal exercise.

ACS indicates acute coronary syndrome; CAC, coronary artery calcium; CAD, coronary artery disease; and ECG, electrocardiogram.

Please refer to Section 4.1.

For risk assessment in acute chest pain: See Figure 9.

For risk assessment in stable chest pain: See Figure 11.
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Intermediate-High Risk Patients With Stable Chest
Pain and No Known CAD

Recommendations for Intermediate-High Risk Patients With Stable Chest Pain and No Known CAD

Referenced studies that support the recommendations are summarized in Online Data Supplements 29 and 30.

Index Diagnostic Testing: Selecting the Appropriate Test

COR LOE Recommendations

Anatomic Testing

1. For intermediate-high risk patients with stable chest pain and no known CAD,
CCTA s effective for diagnosis of CAD, for risk stratification, and for guiding

treatment decisions.




Conclusions

Significant evolving data for CCTA and FFR-CT

Much to be learned about delivery

More Science coming

— Ongoing trial PRECISE (SOC vs. Risk based
testing with CTA first/ Also CCTA prior to cath)

Getting It Into practice with procedure planning
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